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Preface

Originally the title of the thesis was ‘Entrainment in 5-Year-Old Children:
Temporal Accuracy at Four Isochronous Rates and Its impact on Phonological
Awareness and Reading Development.......

After discussion with my PhD examiners it was considered that this title did
not fully represent the content of the thesis, nor would it attract the readers who
would find the subject matter interesting and of relevance to further study.

However I was reluctant to loose the word ‘entrainment’ from the title
because it is used widely in research within the field of neuroscience associated
with how brainwave frequencies fall into step with a periodic aural stimulus
such as a rhythmic pulse in music or the perception of accents within the speech
stream.

Entrainment refers not only to an ability to extract the main accents and
stress in music and speech, but also to an ability to maintain a perception of
pulse for future use. In speech the pulse or accents might become quite
ambiguous at times, but the brain can still assemble them with reference to the
entrained beat, thus allowing the listener to predict and react to what will come
next. In music the brain can also perceive very small changes to the musical
beats or accents that occur whenever we perform music but these, sometimes
deliberate, inaccuracies do not affect our ability to synchronise movement such
as tapping, drumming, or dancing to the rhythms implicit in the performance.

Rhythmic perception is perhaps a more familiar term than is ‘entrainment’.
It is more generally associated with the extraction of the principle beats in a
piece of music that allow us to tap and sing along with it, but it also
encompasses the rhythmic regularity found in speech accents and stresses. The
thesis also explores in some depth the different musical contexts in which the
child encounters rhythmic perception, either whilst drumming to music, a

metronome or singing with or without a musical harmonised accompaniment.

The modified title is an attempt to place the research into the domains of
both an academic readership in experimental psychology and neuroscience and
one that is concerned with the teaching of both literacy and music to young

children.
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Abstract

Phonological awareness is an important component of early literacy and
many children struggle to master its key elements, such as the ability to hear
syllables and rhymes within the speech stream. The hypothesis explored within
this study is that since music and language have parallel auditory perceptual
mechanisms then training in rhythmic activities, such as music, could lead to
increased understanding of the rhythmic nature required to decode early
language and literacy skills. Previous research investigating the relationship
between the constructs of music perception and phonological awareness has
been promising, but generally inconclusive. Within the study I examine
whether there is a link between the temporal processing required to process
rhythmic entrainment in both phonological awareness skills and music. The data
are interpreted with respect to a theoretical framework linking music and
language based on temporal sampling. The ‘temporal sampling theory’
(Goswami, 2011) suggests that the decoding of both language and music is
linked to the perception of accent and beat, and that the ability to hear the onset

of these accents is critical within a stream of auditory events.

To this end rhythmic entrainment tasks were presented in a range of
musical activities including drumming along to music and singing nursery songs
and rhymes. The musical and rhythmic activities were given in several different
forms, to see which would be most effective in showing the children’s ability to
synchronise to a beat. These were all presented at four pulse rates (400 ms, 500

ms, 666 ms, 1000 ms).

Data were collected over a period of 2 years commencing in November
2009. In Studyl 93 4 and 5-year-old children were tested and in Study 2 data
were collected from a further 99. In addition to psychometric tests for 1Q, Word
Recall, teachers from the schools provided information from the children’s
Foundation Stage profiles. Phonological awareness skills (syllable and rhyme)
were also measured, as was reading development. Overall, children showed
greater temporal accuracy (rhythmic entrainment) in keeping time with a musical
piece than in keeping time with a metronome. Entrainment accuracy was greatest

at the 500 ms rate, the only rate for which entrainment was as accurate with
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music and metronome. Individual differences in rhythmic entrainment whilst

drumming were not linked to 1.Q.

Children were more temporally accurate when singing than in the rhythmic
entrainment tasks and temporal accuracy at pulse rates of 500 ms (2 Hz) and 666
ms (1.5 Hz) showed some significant links to rhyme awareness and to reading.
Temporal accuracy in singing a thyming word on time was also greatest at 500
ms, although simply singing along to music did not show a preferred rate.
Unexpectedly, temporal accuracy in singing was linked to 1.Q., and was not
linked independently to syllable and rhyme awareness. However, temporal

accuracy in singing at the 500 ms rate was linked to reading.

In Sample 2 of the PhD I report on the results of a seven-week three group
matched intervention study of 99 children. The intervention was designed to
investigate whether a short intervention of either music or ‘rhythmic speech’
based around the preferred rate of 500ms would lead to improved phonological
awareness skills. Group 1 was given a programme of music games and songs,
and group 2 was given a matched programme of games and ‘rhythmic speech’,
without musical accompaniment or singing, to promote syllable and rhyme

awareness. A third group, who received no additional training acted as a control.

The results show that an intervention based on rhythmic structure in either
a rhythmic speech form or in musical form can be successful in improving
children’s phonological awareness skills. The rhythmic speech programme
proved to be a more successful vehicle than the music intervention in improving
the phonological skills of this group of 90 children. Both interventions were
successful in improving both rhyme and syllable awareness, but the greatest
improvements came in the syllable tests.

There was further evidence that an intervention in either rhythmic speech or
music would impact on the children’s future reading skills. Both interventions
produced significantly higher correlations with a Word Reading test than the
control group. There was no evidence to suggest that a musical intervention
based on tapping along to a beat was of more benefit than one based on
rhythmic speech.

Overall the evidence gathered from the data in this study does suggest that

there are direct links between rhythmic awareness, as measured by tapping to an
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isochronous beat, and the children’s capacity to decode phonological
information. The favoured rate at which the brain processes information in both
domains, thus linking them together, is at a pulse rate with an Inter Onset
Interval set to 500ms.

This study’s results could be used to support the development of rhythmic
based interventions, in both a rhythmic speech and musical form in support of

early literacy skills in 4 and 5 —year —old children.
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Chapter 1. Introduction

This PhD study has been developed in a series of stages over a period of
20 years. Indeed some of the songs had their genesis in the early period of
my role as a teacher/advisor of music working with young children in
Northumberland Nursery and First schools' which commenced in 1991. Prior
to this period I had worked both as a classroom and instrumental teacher with
children from the ages of 6 to 18.

Because of my training as a musician in a conservatoire of music, my
experience as a music teacher and my work as an instrumentalist and
conductor, it is not surprising that the initial focus of my early research would
be the musical experience of children and how training at an early stage could
impact on both their musical performance and their creative development
(Verney 1991). However in the latter part of my career in music education I
became increasingly aware of the potential for music to enliven and then
improve learning in other areas of the curriculum. Indeed it seemed to be able
to provide opportunities in a pre-school setting for learning to begin by
developing communication channels between the carers and the children,
many of whom had very poor communication and language skills. In 2000 a
group of Early Year practitioners:- two speech and language therapists, an
educational psychologist, an early years advisory teacher and myself joined
together to devise a programme of study and assessment for pre-school
children who were referred to the Northumberland Speech and Language
Service. These children came from nursery schools in the South East of
Northumberland, an area of high and persistent unemployment with low
educational expectations. The area is also characterised by a very strong local
dialect with unusual words and sentence construction. The prosody within

the dialect is also quite extreme. Vowel sounds can be elongated and reversed

" A First School is part of a three-tier system of education, which is now very uncommon in England,
but still occurs in rural areas where travel to larger urban areas is thought to be appropriate only for
older children. The First school normally consists of a Nursery group (<3 yr-old children), a Reception
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from those found in usual English.? Indeed words that often have one syllable
in standard English will have two. (‘Home’ will become ‘hou-em’). When
the children enter into school they will experience language from the teaching
staff that is very different from that which they encounter at home,
particularly from their grandparents. Communication is therefore further
hampered.

Teachers had identified that as many as 30 — 50% of the children were
considerably below their chronological age in speech and communication
skills and needed additional support before they could access even the most
basic curriculum. The Speech and Language Service could not cope with
these numbers and so it was felt that a short programme of increased
phonological awareness skills delivered in the classroom might reduce the
large numbers, and then children with the greatest needs could be targeted by
additional professional help.

As part of this programme I formulated a series of lessons for children
that concentrated on the rhythmic nature of the words in songs and simple
musical patterns. The result of this venture was a toolkit for training and
assessment in Phonological Awareness called ‘Sounds Great' (Lumsden,
2007). It included games to facilitate the core aspects of Phonological
awareness that were appropriate to 3 and 4 year-old children.

Non-speech sounds — tigers go ‘grrrrr’

Listening to and repeating letter sounds — man starts with ‘m’
Syllable segmentation — tig-er (has two claps)

Syllable blending to produce compound sounds — fire-man.
Syllable deletion — take away ‘fire’” and you are left with ‘man’
Onset blending — ‘d’ + ‘og’ = dog

Rhyming

~N O\ AW N~

Because the intervention included both speech and music the teachers
involved in the programme felt that the dual approach seemed to help many
more children to improve both their social and communication skills than if
the intervention had been purely speech based. It allowed the teachers to
embark on age appropriate teaching of early literacy skills in the Reception®

classes in accordance with the English National Curriculum. Even though I

*Card: Cold / Chorch: Church / Claes: Clothes /Clag: Stick / Clarts: Dirt or mud / Clivvor: Clever
Cloot: A cloth eg a dish cloot, or to clout. / Coo: A cow / Craa: Crow (examples from a ‘Geordie’
Dictionary - 2009)

3 Children enter into the Reception class in the year of their 5™ birthday.



devised an assessment protocol within the programme no effort was made to
analyse the data and so no empirical results were obtained.

This research topic came from a desire to explore the reasons for the
perceived success of the music within the programme, and a desire to be able
to give early years teachers and their pupils further reasons to maintain a
musical environment in their classrooms, and be able to understand why it
was important, not only to enjoy their existing musical activities that helped
to galvanise the children into a positive learning environment, but also to
participate in musical activities which would actually enable transfer of
information from music to other learning domains, specifically language and
literacy.

The research battery of tests used with the children in this study was

devised to reflect their experiences. It was felt that the 4 and 5-year-old

children would respond most readily to tests that were child-friendly and
were enjoyable for them. This meant considering not only the rhythmic
nature or tempi of the musical stimuli, but also a more complex musical
experience that included all the elements of music that integrate together to

make up ‘music’.

In order to achieve this aim I embarked on a period of study and
research in the Faculty of Education in Cambridge in 2006 to gather
quantitative

The initial aim was to devise musical activities that would establish
which aspects of the music (rthythm, pitch, harmony, tempo etc.) would best
correlate with a series of both cognitive and phonological awareness tests. In
a Masters study (2006-2008) the musical and phonological skills of 40
children were tested. The results revealed that they performed both tapping
and singing tasks most accurately at pulse rates of between 100 — 120 beats
per minute and these tasks were performed equally well to culturally
appropriate music. The children’s reaction to both a simple auditory input — a
metronome beat and a ‘complex’ musical experience that included
instrumental arrangements was compared, and it was discovered that they had
a slight preference for the more complex auditory experience. Music played

at the pulse rate of 120 beats per minute also correlated with the children’s
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responses to rhyme and syllable tests leading to the hypothesis that there
could be a biological reason for this relationship.

This PhD is designed to investigate this possibility further. It also aims
to contribute both to the understanding of the possible relationship between
phonological awareness and musical performance and to the question of
which musical activities might best be used to help children acquire pre-
reading skills. The PhD is divided into two parts. The first study, conducted
within one school year, looked at the relationship between phonological
awareness and the perception and production of musical skills by five-year-
olds. The second study, conducted during a second school year, replicated the
correlational analyses of relationships between sets of phonological awareness
and musical skills in Study 1. In addition the effects of a seven-week
intervention programme designed to compare and improve pre-reading skills
was investigated. The interventions compared the impact of a rhythmic
programme on phonological skills delivered in either music or in a rhythmic
speech based form. The intervention study was designed to provide data
relevant to the hypothesis that certain musical activities bolster phonological
awareness that, in turn, improves reading readiness and acquisition of reading

in young children.

The need for the study within the educational context.

Early literacy development is an area of focus among educators and
researchers, since low levels of literacy are a problem among children and
adults in the United Kingdom and the problem is particularly pronounced in
areas of high unemployment and social disadvantage. The children targeted
in this research often come from disadvantaged backgrounds. Many have
poor speech and language skills and are at considerable risk of language
delay. Locke et al (2002) found that more than half the children entering
four nurseries in an area of social and economic deprivation were delayed in
their speech, language and communication needs. Research by Lonigan and
colleagues (e.g., Lonigan, 2004b; Lonigan, Burgess, Anthony, & Barker,
1998) and others (Hecht, Burgess, Torgesen, Wagner, & Rashotte, 2000) has
shown consistently that preschool and early school-age children from lower

income backgrounds and those whose parents have less education



demonstrate lower phonological awareness skills than more affluent peers.
This discrepancy holds for the other key emergent literacy skills of print
knowledge and oral language as well. Data indicates that there is a persistent
gap in skill level and in rate of new skill acquisition (Lonigan, 2003, 2007a,
2007b). Current theory suggests that these social class differences in early
skill levels are likely to be related to early language environments and
vocabulary development (Lonigan, 2003, 2007b) as well as to the general
home literacy environment (e.g., Evans, Shaw, & Bell, 2000; Phillips &
Lonigan, 2005). Such findings suggest that instruction in phonological
awareness and other emergent literacy skills is especially critical for
preschool children from these at-risk backgrounds if early education is to
meet its goal of closing the gap in educational achievement for children who

grow up in conditions of poverty.

To address this issue requires enormous resources from government
and those responsible for remedial action such as Speech and Language
therapists. These services are overstretched and so pre-school teachers have
to find appropriate, and often creative ways in which they can help their
children to communicate and learn the early literacy skills that will
eventually help them to become successful in reading, writing, and other

academic tasks.

The situation in the South East of Northumberland is not atypical.
Approximately 50% of children in socio-economically disadvantaged
populations have speech and language skills that are significantly lower than
those of the same age (Lindsay & Desforges, 2008). Lindsay and Desforges
noted that approximately 7% of 5 year-olds or nearly 40.000 children going
into school in 2007 in England had significant difficulties with their language
and are in need of targeted help. About 40% of these 7% of children will
catch up within their early years school environment, but about 60% will not,
and their deficits will carry on into later schooling and adulthood (Dockrell,
2000). However with appropriate intervention there is evidence that these
children can be given help and support to achieve age - appropriate standards

of literacy. In a report published in 2013 (ECaR) * research from the Institute

* ECaR — Every Child a Reader.
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of Education in London found that a reading recovery programme designed to
address the complex needs of the 7% of children, noted by Dockrell, could be
successful. In a sample of 374 children who had completed the ‘Reading
Recovery’ programme at the age six, 95% went on to attain National
Curriculum Level 3 or above in Reading and 98% in writing at age 11. 78%
achieved Level 4 or above in reading and 69% in writing (European Centre
for Reading Recovery, 2012). These were the children predicted to fail to
reach Level 3. However if children are not given appropriate support the
consequences of these early speech and language difficulties often lead to
social difficulties and almost certainly lead to problems with reading, indeed
children with reading difficulties are also likely to have social difficulties.
(Lindsay, (2007).

The ability to read fluently is therefore a critical skill. As demands for
literacy increase in our society, the consequences for those who cannot read
fluently become more severe. Research has found that children who make a
slow start in reading acquisition do not typically catch up to their age peers
(Juel, 1988; Torgesen & Burgess, 1998). One Australian study noted that by
Year 10, the lowest 10 per cent of students had made no reading gains since
Year 4 (Hill, 1995).

According to Morris et al (2006) phonological awareness problems are
present in as many as 73% of children with reading disability and Shaywitz

(2006) estimated this as even higher at between 80 to 90%.

Government Intervention

Because so many children have a reading problem, and so many
children could be helped with targeted interventions there have been
numerous attempts by various Education Secretaries of State in the UK to
find solutions that will enable schools to teach literacy effectively.

Various international surveys, including that compiled by the
Organisation for Economic Co-operation and Development (OECD) in 2007,
suggested that the reading skills of school children in the UK were poorer
than those in other countries including Poland, Sweden, the Netherlands and
Japan and the UK had dropped from 7th in the league tables in 2000 to 17"
(In 2010 the same agency placed the UK at 25" in the league table.)



In consequence of this, the UK Government reacted to adverse press and
parental concern over the effectiveness of schooling coverage and instigated a
new reading scheme. Despite little reliable evidence (Wyse, 2008) certain
educational advisors, consulted for the Rose report (2006), decided that a
programme of ‘synthetic phonics’ that concentrated not on syllables and
onset/rime awareness but on phoneme manipulation and grapheme — phoneme
correspondence would improve literacy teaching. The evidence for this
decision came after viewing the results from a relatively small scale training
programme, which used a programme of synthetic phonics in
Clackmannanshire, a deprived region in Scotland. The researchers (Johnston
and Watson (2003 and 2004) studied 300 4/5 year old children in 8 primary
schools and claimed that after 16 weeks of training the children were 7
months ahead of both their chronological age peers and a control group who
were taught by a more traditional analytic’ phonics programme. The children
maintained their superior progress over three years. In England the impact of
this research was furthered by reports to the Dfes (Brooks 2003) and the Dfes
Rose Report itself (2006) and seemed to be justifiable by the research on the
effectiveness of phonemic awareness by Hulme et al (2002) who had asserted
that *““ Phoneme awareness is a better predictor of early reading skill than
onset/rime awareness”.

Therefore, in September 2008, all children in English schools, starting in
their reception classes, were trained in a programme of synthetic phonics® to
prepare them for reading.

‘One system fits all’ does not seem to be a useful educational
philosophy.  Walton (2002) in his studies on acquiring literacy with first
nation Canadians concluded that both onset/rime and synthetic phonics
approaches were useful, and broadly equivalent in efficacy, and this would
certainly seem to be the more balanced approach. Some children will be able
to access the written word through their ability to hear small constituent parts

of words and others will need to concentrate on larger units, or a combination

> Analytic phonics refers to an approach to the teaching of reading in which phonemes associated with
particular graphemes are not produced in isolation. Children identify (analyse) the common phoneme
in a set of words in which each word contains the phoneme under study.

% Synthetic phonics refers to an approach to the teaching of reading in which phonemes (sounds)
associated with particular graphemes (letters) are pronounced in isolation and blended together
(synthesised)
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of both. In English it is likely that many children would benefit from trying to
disentangle the speech stream by searching for the onset/rime, because this is
a more consistent feature of the spoken language (De Cara and Goswami,

2002).

Need for the Study

The approach by the Department of Education to insist on one
methodology of training does not take into account the many differences in
ability that children have, nor does it really take into account the readiness of
some children to learn to segment words into their smallest component parts

(phonemes).

In the Government initiated programme for pre-school literacy training
‘Letters and Sounds’ (2007) considerable emphasis is therefore placed on the
children learning the sound and shape of individual letters, and then
phonemes from the outset of their literacy training. There are a few
references to other methodologies that could contribute to improved reading

such as singing and chanting rhymes :-

“Good teaching will exploit, for example, the power of story, rhyme, drama
and song to fire children’s imagination and interest, thus encouraging them

to use language copiously” Letters and Sounds - pg 6.

— but there is little guidance as to the amount of time needed to spend
on this task, or how to assess when the children will be ready to move on from
this crucial stage. The programme seems to rely on the work that carers and
teachers will have tackled in pre-school from a curriculum for early language
acquisition documented in the ‘Foundation Stage Profile (2008). In the phase
titled ‘linking sounds and letters’ (LSL) from the ‘Communication, language

and literacy’ part of the profile there is reference to work with rhymes:-

“The child is aware of rhyme in songs and poems and sometimes
distinguishes sounds of personal significance from others or notices when

words begin with the same sound.” Foundation Stage Profile - pg 46.

There is no reference to activities or games that might help the children

play with the concept of thyming and thus gain a deeper understanding of the
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sounds and significance of being able to manipulate and have fun with the
‘rimes’. Neither is there reference to games that might help the children
segment words into larger units such as syllables. Researchers such as
Treiman and Zukowski (1991) assert that the ability to manipulate words into
syllables is a key area of phonological awareness training that will lead to
improved reading skills because this skill reflects the acoustic properties of

speech.

Because of the lack of coherent instruction for teachers and carers in
these key areas of phonological awareness it is important to increase
understanding of the importance of training in rhyme and syllable awareness,
and in so-doing give the children greater opportunities to experience and

work with the underlying concepts involved in pre-literacy activities.

Practical contributions

This study will offer both theoretical and practical solutions due to its
focus on the relationship between aspects of music perception and
phonological awareness. There is a need for studies that investigate this
relationship by isolating the specific effects of music, while taking into
account other contributing factors. This research should provide a foundation
for musical interventions that mediate change in specific skills in
phonological awareness in young children, and thus contribute to emergent
literacy.

If the results support the role of music in predicting phonological
awareness, they could benefit a variety of professionals, such as early
childhood specialists, primary teachers, reading specialists, and special
educators who work to promote emergent literacy. This investigation’s
findings should provide research evidence necessary for the development of
music-based interventions to promote phonological awareness.

Specifically, music therapists could use this study’s findings to develop
music-based interventions to benefit individuals with dyslexia. Some children
with dyslexia appear to have difficulty with rapid, temporal processing, or the
perception of sounds presented rapidly (Tallal, Miller, & Fitch, 1993; Wolff,
2002; Thomson 2008; Huss & Verney 2011). Although these children often

do not show difficulty in certain musical skills, such as pitch discrimination,
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they tend to show deficits in timing skills in music, such as accurately
perceiving, copying, and tapping rhythms (Overy, 2003). Difficulties with
rhythmic timing perception may be a contributing factor to difficulty with the
segmentation of speech into syllables in some children with dyslexia
(Goswami, 2001, 2011; Overy, 2003). Interventions based on discrimination
of rhythmic patterns could be used in order to foster skills in syllable
segmentation.

Another practical contribution of the current study is that it will provide
a foundation for future research investigating the effect of music-based
interventions to promote emergent literacy, including phonological
awareness, in typical children and children at high risk for dyslexia and other
reading disabilities. Thus an understanding of the overlapping neural
mechanisms involved in music perception and phonological awareness would
provide future studies with a foundation regarding the effects of specific
music therapy interventions. Furthermore, this study’s results may provide a
foundation for previous and future studies that recommend the use of musical

interventions to promote emergent literacy (Goswami, 2012).

Research Focus and Design

The research explored within this thesis is dependent on finding
evidence for these overlapping neural mechanisms that will facilitate cross-
domain connections between the learning of pre-literacy skills and rhythmic
activities, especially music, in the context of an early-years school curriculum
in England. Within recent years evidence has been accrued to suggest that this
task, although difficult, is not impossible. The research focus and design of
the study seeks to shed light on the individual components — phonological
awareness and music, and then suggest by way of the methodology and

results how they interact and compliment each other.

Both speech and music unfold in time, and rhythm or periodicity is
central to the sequential organisation of sounds in both domains. This
principle is central to the ‘temporal sampling theory’ of Goswami (2011) that
underlies the hypotheses and methodology employed in this study because it

10



seems likely that the perception of rhythmic timing is important for the

development of language and phonology via the accurate encoding of speech.

The temporal sampling framework has implications for normal
language development and the developmental relations between rhythm
perception and phonology. Originally Goswami’s (2011) framework was
intended to organise developmental data showing relations between rhythmic
entrainment, rise time discrimination and phonological processing in children
with developmental dyslexia and SLI but she also noted that this theoretical
framework, along with that of Kotz and Schwartz (2010) had implications for
both language development and for the perception of music. Kotz and
Schwartze (2010) proposed that speech perception is inherently linked to
rhythmic timing via the perception of rhythmically prominent syllables. They
argued that these (stressed) syllables could play an important role in speech
perception, providing a temporal structure that might be used by the brain in

encoding and understanding speech.

Human ‘dynamic interaction’ with patterns of sound events in the world
is a form of entrainment (London, 2004 pg 5). When the sound events are
rhythmic in nature, occurring periodically or with perfect isochrony,’ this
dynamic interaction is termed rhythmic entrainment. Rhythmic entrainment
can be active, as in tapping along with a beat, or passive, as in tasks that
require sensory perception of forthcoming events (Large & Jones, 2002). In
children with language disorders such as developmental dyslexia and specific
language impairment (SLI), individual differences in active rhythmic
entrainment to an isochronous beat at 2.5 Hz (400 ms), 2 Hz (500 ms) and 1.5
Hz (666 ms) have been found to be predictive of individual differences in
phonological development (Thomson and Goswami, 2008; Corriveau and
Goswami, 2009). Children with dyslexia and SLI usually have phonological
difficulties. These experimental investigations have raised the possibility that
individual differences in the accuracy of rhythmic entrainment may be
important for the development of language and phonology. It is therefore
equally important to measure the accuracy of entrainment in young typically

developing children and its relations (if any) to language and phonological

7 .. . . .
A sequence of events is isochronous if the events occur regularly, or at equal time intervals.
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development as well. The temporal sampling framework makes some clear
developmental predictions about the relationship between rhythmic
entrainment at syllable-relevant rates and phonological development in
typically developing children. This study seeks to explore these predictions in
a sample of 192 young typically developing children aged 4 — 5 years.

The study also engages with a third theoretical framework offered by
Cummins (2010) who argues for the core role of motor processes in
perceiving and producing rhythmic speech events. “When speech is turned
into chant, rap, verse or song, we find a marriage of rhythm in the musical
and phonetic senses. When children in the playground turn a single
exclamation or taunt into a repeated mantra, its rhythmic potential is
unleashed” (Cummins, 2010, p. 6). Cummins notes that although speech
appears highly specialised and detached from general bodily rhythms, in fact
it shares the same rhythmic constraints of any cyclic movement of the limbs
(walking, dancing, juggling...). Cummins argues that speech is a whole-body
activity, and in some key respects is similar to musical performance. His view
is that rhythm in speech and rhythm in music are related via embodiment and
entrainment. We know that children and adults cannot help tapping along or
internally feeling the rhythm whilst listening to music but this understanding
of feeling the internal rhythms in language is far less studied. Cummins
(2010) makes a very plausible case that there should be important links
between rhythmic embodiment and linguistic behaviour. With this in mind it
is therefore important to assess the links between young -children’s
performance in rhythmic and musical tasks and their linguistic behaviour and
find relevant data that brings together the two domains. In the current study,
the rhythmic entrainment and musical tasks involved embodiment, as they

involved whole-body activity (Bongo drumming with two hands and singing).

These different theoretical perspectives linking language and music
place entrainment at the core of rhythmic behaviour, and suggest that there
should be important developmental links between rhythmic entrainment,
language and music. Developmentally, these different (yet mutually
consistent) theoretical frameworks would predict that those children who

show more accurate rhythmic entrainment should also show superior musical
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and linguistic performance. For example, children who are more accurate in
rhythmic entrainment tasks should also be more accurate at singing in time
with music. There should also be relationships between individual differences
in rhythmic entrainment and individual differences in aspects of linguistic

development such as phonological development.

A recent study of rhythmic entrainment via drumming in children aged
2.5, 3.5 and 4.5 years of age demonstrated that young children can drum
along with others and perform this task with reasonable accuracy (Kirschner
& Tomasello, 2009). The children were required to synchronise their
drumming with an external rate of either 400 ms or 600 ms. Although
language skills were not measured, children at all ages showed significantly
more accurate entrainment when drumming with a social partner (drumming
along with the experimenter rather than with a drum machine). This research
gives credibility to the principle methodology employed within the study,
(assessing the rhythmic accuracy of children drumming to various rhythmic
stimuli) as it confirms that children of pre-school age can synchronise
accurately to music or metronome beats. It was, therefore, possible for me to
use these reliable means of measuring entrainment to assess links between
rhythmic accuracy and phonological awareness skills at the syllable and

rhyme levels.

I propose that one aspect of rhythmic timing that is important when
investigating possible developmental links between rhythmic entrainment and
language/phonology is the entrainment rate. The studies with dyslexic
children of Thomson and Goswami, 2008; Corriveau and Goswami, 2009)
used the 2.5, 2 and 1.5 Hz rates in their tapping tasks that involved
entrainment to a synthesised metronome beat. I, however, thought it useful to
add a fourth slower rate of 1 Hz (1000ms), especially since I was using
musical stimuli, and it has been shown that even young children could
synchronise accurately to this slower rate if music was involved (Drake,
2000). In many previous studies investigating synchronisation and
entrainment to a fixed pulse rate a simple metronome sound has been used
(Fraisse et al. 1958 to McCauley, 2006). This study seeks to investigate

whether a series of musical excerpts with which the children are culturally
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familiar in terms of rhythms, harmonisation and instrumentation are equally
effective in providing a framework for testing accuracy whilst synchronising

to a series of differing pulse rates.

It is currently unknown as to whether there is a biologically preferred
rhythmic rate that ties together different forms of motor entrainment with
linguistic development. One possibility is that 500 ms (2 Hz) could be such a
biologically special pulse rate (see Huss and Verney, 2011). MacDougall and
Moore (2005) studied the spontaneous tempo of walking in humans, and
found that preferred gait was 2 Hz irrespective of gender, height, weight, age
or body mass index. They suggested that 2 Hz (500 ms) could represent a
spontaneous tempo or “resonant frequency” of human movement. This
observation is consistent with a number of developmental and linguistic
studies of spontaneous tempi. Once children are older (8 years and above),
500 ms is their preferred spontaneous tempo. The spontaneous tapping rate is
one at which we choose to tap in the absence of an external timekeeper
(McAuley et al., 2006). Adults also converge on a rate of 500 ms when asked
to tap in time with different kinds of music (Moelants, 2002).  Across
languages stressed syllables are produced on average every 500 ms (Arvaniti,
2009), suggestive of a biological constraint linked to the articulators, and
when adults read aloud from text, they show a bias for inter-stress intervals
which are multiples of a 500 ms unit (Fant and Kruckenberg, 1996). Links
between rhythmic entrainment and linguistic development might be expected
to be strongest for temporal rates at 2 Hz, thus, possibly showing a privileged

relationship.

This short exposition of the research area provides a framework for the

design of the study:-

1. The literature review expands on the various aspects of phonological and
music processing that is relevant to the study, and how they are linked
together. It provides a framework for the various hypotheses and research
questions explored within the study.

2. The methods section explains the design of the tasks and the profile of the
participants.

3. The results show the findings of two studies designed to discover whether
there is a biological bias towards one particular pulse rate that is present in
both children’s processing of both P.A and rhythmic perception in music.

14



4. The results of an intervention study investigates are investigated to assess
the possibility that a programme of rhythmic speech can be as equally
effective as a programme of music in improving a pre-school child’s
phonological awareness.

5. The final discussion revisits the research questions and discusses the
findings in both educational and scientific contexts.

Table 1.5
Rhythmic Perception and Entrainment in 5-Year-Old Children.
Research Focus and Design
Temporal Sampling Theory Goswami 2011
Theoretical Frameworks Rhythmic Entrainment in speech and Music Kotz and Shwartz (2010)
Rhythmic embodiment and entrainment Cummins (2010)

¢

Literature Review

o ~

Development of Phonological Awareness Development of Musical perception
perception and skills

\‘ Interaction of Music and P.A skills and perception
* Temporal and Rhythmic Processing
* Parallel Processing in speech and language
*  Previous research into cross-domain intervention

/ Development and testing of the of Phonological

Awareness tasks skills and related psychometric testing

Methods —— | protocol
Development and testing of the musical skills tasks at 2.5,
/ 2, 1.5 and 1 Hz.
Results
Studies 1 and 2 — The impact of the musical measures on P.A acquisition — 192(n)

Do these results give rise to a possible biological connection between domains?
An intervention study that compares the impact of programmes of both rhythmic speech and music

upon P.A

Discussion
The impact of the results on educational practice in the early years, and the development of
increased knowledge within the field of music and phonological awareness cross-domain
relationships.
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Chapter 2. Literature Review

Table 2.1. Glossary of terms Phonological Awareness

Phonology

Phoneme

Onset - rime

Synthetic phonics

Analytic phonics

Large grain

Small grain

Orthography

Phonology is a branch of linguistics concerned with the
systematic organization of sounds in languages. It has
traditionally focused largely on study of the systems of
phonemes in particular languages, but it may also cover any
linguistic analysis either at a level beneath the word (including
syllable, onset and rhyme. It can also refer to the phonological
system (sound system) of a given language.
A phoneme is a basic unit of a language's phonology, which is
combined with other phonemes to form meaningful units in
words. The phoneme is "The smallest contrastive linguistic
unit which may bring about a change of meaning". In this way
the difference in meaning between the English words kill and
kiss is a result of the exchange of the phoneme /1/ for the
phoneme /s/.
Monosyllabic words can be split into two parts - the onset and
the rime - each of which are smaller than syllables, but may be
larger than phonemes. The onset is the initial consonant sound
(b- in bag, sw- in swim), and the rime is the vowel and the rest
of the syllable that follows (-ag in bag, -im in swim).
Synthetic phonics is a method of teaching reading which first
teaches the letter sounds and then builds up to blending these
sounds together to achieve full pronunciation of whole words.
Analytical Phonics refers to an approach to the teaching of
reading in which the phonemes associated with particular
graphemes are not pronounced in isolation. Children identify
(analyse) the common phoneme in a set of words in which each
word contains the phoneme under study. For example, teacher
and pupils discuss how the following words are alike: pat, park,
push and pen.
Large grain = Awareness of whole word sounds and syllables
and rime patterns — useful for mapping orthography in
inconsistent orthographic languages (English).

Small grain = Awareness of phonemes — most useful for

mapping orthography in consistent language

orthographies (German).
An orthography is a standardized system for using a particular
writing system (script) to write a particular language. It includes
rules of spelling. Other elements of written language that are
part of orthography include hyphenation, capitalization, word
breaks, emphasis, and punctuation.
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2.1

“ Every human infant is born into a world with two distinct sound systems.
The first is linguistic and includes vowels, consonants, and pitch contrasts
of the native language. The second is musical and includes timbres and
pitches of the culture’s music. Even without explicit instruction, most
infants develop into adults who are proficient in their native language and

who enjoy their culture’s music.” Patel 2008 - pg 9.

The literature review is divided into five key areas. The first section
highlights research related to phonological awareness; defining this construct
and examining its developmental sequence. The second section follows a
similar analysis for the second construct: musical perception. The third
section looks at auditory temporal processing. The fourth section summarizes
parallel auditory processing as it applies to music perception and
phonological awareness. The fifth section examines previous studies
investigating the relationship between phonological awareness and music
perception in five-year-old children. The literature review provides a
foundation for the theory under investigation regarding the temporal
relationship between music perception and phonological awareness in five-

year-old children.
Phonological Awareness — the underlying sounds of a language

Phonological awareness refers to the sound structure of the language and
the skills required to perceive, manipulate and blend sound units (Ehri, 1989;
Dodd, 2001; Anthony and Francis, 2005). This ability develops gradually
from a very early age.

An ability to recognise and manipulate words, syllables and rhymes has
been shown to be a key predictor of future literacy success (Bradley &
Bryant, 1983; Bryant, MacLean, Bradley, & Crossland, 1990; Lundberg,
Frost, & Petersen, 1988; Schneider et al 1999). The corollary of this is that a
large number of studies have shown that poor phonological awareness skills
characterize poor readers. If the child has poor perceptual, processing, and
cognitive skills required to identify and isolate individual sounds in words
and pair sounds with letters they will find reading difficult. Consequently,
performance on phonological awareness tasks is an excellent predictor of

later reading success or disability (Goswami & Bryant, 1990; Scarborough,
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1998; Wagner & Torgesen, 1987). Torgesen (2002) reviewed research-based
practices in early reading instruction and found that phonological awareness
is a valid predictor for the identification of children at risk for reading
problems. Previously Bus and van [jzendoorn’s (1999) study of the reliability
of 34 training programmes to improve literacy found that phonological
awareness was a key factor and to disprove this would take more than 500
new studies.

To acquire reading, children must learn the code used by their culture for
representing speech as a series of visual symbols. One core aspect of learning
to read is therefore a process of matching distinctive visual symbols to units
of sound (phonology).

Zeigler and Goswami (2005) assert that:-

“To acquire reading, children must learn the code used by their culture for

representing speech as a series of visual symbols. Learning to read is thus

fundamentally a process of matching distinctive visual symbols to units of

sound (phonology)” pg 3.

In most languages, the relationship between symbol and sound is
systematic, for example, in English, the symbol D is almost always
pronounced /d/. A child learning to read English can exploit regularities like
this to access the phonology of words. In contrast, knowing that a word starts
with the letter D tells the child nothing about its meaning. The first steps in
becoming literate, therefore, require acquisition of the system for mapping
between sound and symbol. When this is mastered it allows children to
access the thousands of words already present in their speech.

Before this can take place the child needs to demonstrate an
understanding of phonological awareness. They must be able to perceive,
attend to, and discriminate units in a sound stream. Children must then relate
these linguistic components to their spoken vocabulary. They need to
recognise whether initial, middle, and ending sounds in different words are
the same or different from each other. In order to identify and reproduce the
beginning or ending sound in a word, a child must perceive the sound, and
then compare it to a repertoire of previously learned and practised sounds.
They must also recognize linguistic sound categories in spite of variations in

pitch, tempo, speaker, and context (Anvari et al., 2002).
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Phonological awareness skills involve three related groups of abilities:
phonological sensitivity (Stanovich (1992), phonological naming, and
phonological memory (Whitehurst & Lonigan, 2001; Wagner, 1993).
Phonological sensitivity involves the detection and manipulation of sounds in
oral language. Children need to identify words that rhyme, blend syllables or
phonemes to form words, or count the syllables or phonemes in a word.

Phonological naming involves retrieving phonological information
from long-term memory, for example, looking at a page with different-
coloured squares and quickly identifying the colours verbally (Whitehurst &
Lonigan, 2001). Phonological memory, involves short-term memory of
auditory information, for instance, a child’s ability to recall a series of sounds
or words. Phonological sensitivity, phonological naming, and phonological

memory are all essential for emergent decoding of written words.

Figure 2.1. A brief explanation of terms for phonological awareness (P.A)

Narrow P.A

Broad P.A

1 Phonemic awareness
‘Synthetic or analytic’

1.Phrases / sentences / words
2.Syllabic awareness

The awareness of syllables in words,
eg

door / daugh-ter/ de-mo-cra-cy

The awareness of individual

sounds or phonemes in words -
these do not necessarily represent
the orthographic form of the word.

3.Intra-syllabic awareness
The awareness of intra-syllabic units,
to the onset & rime. The onset
consists of the sounds corresponding
to the initial consonant or consonant
cluster, and the rime consists of the
vowel and any subsequent
consonants

eg. d-oor d-og dr-um

eg. d-oor d-o-g d-augh-t-er
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2.1.1 Developmental Sequence For Phonological Sensitivity

The child progresses gradually from awareness of larger (broader) units
to increasingly smaller (narrow) ones. (Figure 2.1.) Therefore children
become aware of words, syllables, then intra-syllabic units (onset - rime) and
finally phonemes. In a 2003 study Anthony et al. used a large group of
participants (more than 1,000 children), and a wider age range than in
previous studies (2-6 years), to investigate the order of acquisition of
phonological sensitivity skills at various grain sizes while holding constant
the type of operation that was performed (e.g., blending, deletion). The results
clearly showed that children’s progression of sensitivity to linguistic units
followed a hierarchical model of word structure (Zeigler and Goswami, 2005)
shown in Figure 2.2. That is, the children generally mastered word-level skills
before they mastered syllable-level skills, syllable-level skills before onset—
rime skills, and onset-rime-level skills before phoneme-level skills,

controlling for task complexity.

MEANING

Whole words Whole words

I

il

Syllables Syllables

Onset/rimes

Onset/rimes Figure 2.2 Sequence of Acquisition of P.A.

from Zeigler and Goswami 2005
availabilit
M

Phonology L 4 Orthography
N ————————————————

In their theory of ‘psycholinguistic grain size’ Zeigler and Goswami

*!IIT

A

J

(2005) matched the transition from broad and narrow phonological awareness
to a transition from large grain to small grain units in many languages and
found that the progression was not limited to spoken English or German.
Their 2005 investigations found that children from many different countries,
certainly those in Europe, moved from large units to smaller ones (Goswami
et al. 2003) when decoding their language

As children become more sensitive to the acoustic qualities of speech
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their ability to detect and manipulate units that reflect the different parts of
speech associated with phonological sensitivity improves. They become more
able to discriminate and manipulate “small” segments of sounds or phonemes.
Increased awareness of the smaller units leads more directly to being able to
link the sounds of the phonemes to letter recognition, and then onto reading
by enabling sound letter correspondences and reading by analogy (Baron,
1977; Byrne & Fielding-Barnsley, 1991; Goswami, 1993; Walton, 1995).
Children gain an understanding of syllables earlier than they achieve
phoneme sensitivity, and children achieve sensitivity to intra-syllabic units
(i.e., onsets and rimes) before they achieve sensitivity to phonemes (Fox and
Routh, 1975; Liberman, 1974; Treiman, 1992, Treiman 1991).

Researchers largely accept this sequence, but what is still controversial
within this field is which particular area within the sequence of phonological
awareness acquisition is the greatest indicator of future success in reading.
Some researchers have claimed that the ability to manipulate the phoneme is
the most significant factor (Hulme 2002), others claim that other factors such
as the child’s ability to manipulate syllables (Treimann 1992), or onset/rimes
is a better indicator (Carrol and Snowling 2001). This argument was given
much attention in an edition of the Journal of Experimental Child Psychology
(82) in 2002 and further reviewed by Zeigler and Goswami in 2005.

When comparing tasks it is important to ensure that the child has the
cognitive capacity required for the particular tasks being used and that
measurement problems like floor effects, ceiling effects and low reliabilities
have been attended to.

To address these issues Anthony and Lonigan (2004), used
confirmatory factor analysis and structural equation modelling to more
precisely quantify the longitudinal relations among phonological skills. Their
analyses included data sets from four studies used by their original authors to
argue for the pre-eminence of the phoneme (Muter, Hulme, & Snowling,
1997; Muter, Hulme, Snowling, & Taylor, 1998) and overall incorporated
1,189 children from 3 to 7 years old. Their results indicated that sensitivity to
syllables, onsets, and rimes were as much a part of the construct of
phonological awareness as sensitivity to phonemes and that conclusions to the

contrary were due to ignoring floor effects and the inappropriate use of
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exploratory factor analysis. Anthony and Lonigan (2004) concluded:-

“In summary, it appears that the debate over whether sensitivity to rhyme or
sensitivity to phonemes is most important for reading and spelling has led
researchers and theorists astray . . . The important question . . . is not what
type of phonological sensitivity is most important for literacy but which
measures of phonological sensitivity are developmentally appropriate for

this particular child.” pg 53

Pre-school children generally demonstrate a good understanding of
most aspects of phonological sensitivity. However, this, to a large extent, is
dependent on giving them the right training and experience so they can
demonstrate their knowledge. Within a curriculum that focuses almost
exclusively on letter sounds the importance of sensitivity to both rhyme and
syllable awareness would seem to be becoming marginalised, and yet recent
research still confirms their developmental importance in acquiring a good

understanding of the sounds of the child’s language.

The design of the research used in this PhD focused on the children’s
ability to segment syllables and their rhyme awareness, and tests were used to
correlate rhythmic awareness with these two aspects of phonological

sensitivity.

2.1.2 Sensitivity to Rhymes

By the age of 4% - 5 years old, the age at which the children in these
studies were tested, the majority of the children should do well in rhyme-
related tasks. This is a well-established research finding, and has been
explored and reconsidered over a period of some 40 years (Calfee, Chapman
& Venezky, 1972; to Walton, 2010). The ground-breaking work of Bradley
and Bryant (1983, 1985), now nearly 30 years old, showed how remedial
readers could become more successful if they had increased knowledge of
nursery thymes. They reported that sensitivity to rhyme and alliteration prior
to a child’s entry to formal schooling plays a causal role in their reading

success several years later. Furthermore, in their research the authors reported
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that receiving explicit instruction and training in the areas of alphabetic
principles, rhyming, identification of words and alliteration strongly and
positively affected children’s reading ability. In a subsequent longitudinal
study (MacLean et. al. 1987), authors provided systematic evidence that
knowledge of nursery rhymes played a role in children’s phonological
development. Covering a 15-month period, beginning when children were age
3.4, data were collected to measure children’s knowledge of five common
nursery rhymes. Findings reported that children’s initial nursery rhyme
knowledge was a powerful predictor of their growing skill in thyme and
alliteration detection tasks over the next year and a quarter. Bryant et al.
(1989) reported further longitudinal data from a group of 64 children ranging
from ages 3.4 to 6, covering a three-year period supporting the hypotheses
that acquaintance with nursery rhymes positively affects children’s reading
ability. Data report a strong relation between early knowledge of nursery
rhymes and success in reading and spelling, despite differences in social
background, intelligence quotient, and beginning phonological skills.

In a study undertaken to determine which factors contributed most
strongly to children’s ability to learn to ready by analogy, Wood (1999) found
that a subgroup of participants (mean age = 5:8), who performed poorly on a
rhyme detection task, also performed poorly on a phoneme deletion task.
Walton and Walton (2002) performed a study in which pre-reading
kindergarten children were taught either rime analogy and/or pre-reading
skills including rhyming, initial phoneme identity, and letter-sound
knowledge. They found that children specifically taught all of these
components were more successful than those taught one or the other in
developing reading skills. Furthermore, they found that rhyming accurately
distinguished readers from non-readers. Schneider, Ennemoser, Roth, and
Kiiespert (1999) showed that phonological awareness tasks (e.g. phoneme
analysis and synthesis, identification and deletion of initial phonemes,
alliteration and rhyming) could be taught before children learned to read and
spell. They also noted that children who were trained in these skills continued
to benefit from such training at least four months later. In the studies of
Vloedgraven and Verhoeven, (2007, 2008) one of which had 1400

participants, concerning the predictive nature of phonological awareness to
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reading, they found that rhyming performance appeared to be the easiest and
most accessible aspect of phonological awareness in their kindergarten
sample. It was equally as important as the phoneme identification, phoneme
blending, and phoneme segmentation tasks in accurately measuring the
children’s phonological awareness. Their studies did not involve specific
training, but simply addressed the general trends of development over time,
and how the influence of phonological awareness skills on reading declined
as the children were given more specific training in reading. Their studies
also confirmed the theories that propose that there is a developmental
progression in the acquisition of phonological awareness from larger to
smaller phonological units (e.g., Anthony & Francis, 2005; Ziegler &
Goswami, 2005). Their results also confirmed the findings of Lonigan et al.
(2000) and Anthony et al. (2002) that suggested that all of the components of
phonological awareness represented a single underlying phonological ability.
A study by Majsterek et al. (2000) included 40 three to five-year-old
low-income preschool children attending a Head Start programme in
Washington State. They compared a phonological processing outcome for an
intervention group that participated in rhyme detection training with a
comparison group that participated in semantic training (i.e., training that
focused on word meanings). Their results showed that because rhyming
developed earlier than most other phonological awareness tasks, and because
it has been linked to success with reading, then training in that area should
begin first and should help promote emergent literacy skills in children who
are considered at risk for reading difficulties. Their study showed that, when
four minutes of rhyming training was added to children’s nine minutes of
circle time, the children were able to perform better on rhyme detection tasks
than their non-trained peers. Both groups were exposed to rhyming, but only

one group received explicit training.

Within most rhyme-based phonological awareness studies the outcome
expected would usually be to discover the child’s ability to perform a rhyme
production, recognition or oddity task (Table 2.1.3). These require a one-
word answer. In a nursery rhyme the rhyming word is generally at the end of

a phrase, and is part of a sentence or phrase that gives it a semantic context.
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The rhyme in this context is dependent on other factors such as stress,
duration and position. It invariably comes at the end of a phrase, and certainly
in a musical context will have added stress (accent) because it falls on a
stronger accented beat in the music.

A ‘word level rhyme’ task could be a more relevant task for a child who
is having difficulty isolating individual sounds because some observational
studies show that the ability to use ‘word level rhymes’ precedes any
segmentation task — be it syllables or onset-rimes (Chukowsky, 1968: Van
Kleeck and Schuele 1987). Their observations of spontaneous language play
with children of two years of age or even younger have shown that young
children play with rhyming words with great enjoyment. Dowker (1989)
examined poems from 133 children ranging in age from 2 to 6 years of age.
58% of her sample when asked to ‘compose’ a poem responded with a
strongly rhythmic rhyme. Her conclusions from the research project
suggested that children have an ability to rhyme before syllable segmentation.

One possible conclusion one can draw from these studies is that the
ability to play with rhymes in a song or poem is a very different activity from
being able to perform in a phonological awareness skills test. This conclusion
is echoed by Lundberg (1978) who emphasised the difference between the
implicit level of phonological awareness implied in traditional phonological
awareness tasks that require the analysis of words into their constituent
elements and those that requires a ‘word-level’ rhyme.

A study reported in 2000 (Gipstein et al) with 249 children between the
ages of 4 and 5 years-old, concluded that early literacy should commence in
the classroom with an added attention to word-level rhymes because it
seemed to be a more ‘natural’ activity for the young children in comparison to
‘rimes’ or syllables. Their study was designed to examine the impact of
structural units (syllables and rhyme) in phonological awareness, especially
with consideration for the size of the unit. They examined whether it was
easier for the child to notice larger chunks of information rather than smaller
units. This is once again in line with the ‘psycholinguistic grain size’ theory.
(Zeigler and Goswami (2005).

The studies of Walton (2002 — 2010) are particularly relevant within the

context of whole word level rhymes in ascertaining the impact of

25



phonological awareness skills on future reading. His work represents a
fundamental shift in how rhyming is presented to the children in intervention
procedures — he uses children’s songs and rhymes, as opposed to ‘rhythmic
speech’ as his principle methodology.

Although there have been consistent recommendations to use music and
song as a vehicle to teach phonological and beginning reading skills (e.g.,
Habsen, Bernstorf, Stuber, & Gayle, 2004), very little empirical research has
examined this question. To address this his team developed a program of
teaching ‘beginning reading’ using songs and movement with Aboriginal
Kindergarten children in North West Canada to examine the effects of using
songs and movement to teach reading. The research capitalizes on children’s
inherent interest and the fun in learning rhymes and singing. They found that
children appeared to learn new words more easily and remember the words
for longer periods of time when jingles were used to teach reading words that
rhymed (Walton, Walton, & Felton, 2001; Walton & Walton, 2002). In other
research, some of which included Aboriginal children as a subgroup (Walton,
Walton, & Felton, 2001; Walton, Thorneloe, Bowden, Kurtz, & Angus, 2001;
Walton & Walton, 2002), they also found that children learned to read new
words more easily and remember the words longer when jingles were used as
a teaching method, and if the words rhymed. This work with children, who in
the past have been shown to have difficulties in accessing the literacy
curriculum, almost certainly is related to the fact that not only are the
rhyming activities fun, but many children as stated find them quite easy to do,
and therefore gain confidence in the learning process.

An even more recent study (Harper 2011) looked specifically at the
impact of an intervention to improve phonological awareness skills using
knowledge and manipulation of words in 10 well known Anglo-American
Nursery Rhymes. After a ten-week intervention of two 30 minute sessions per
week the 11 children significantly outperformed the control group who had
received no additional training (Wilcoxon Signed Rank Test two-tailed tests
were administered on the pre and post-test scores). The researcher stressed
the fact that nursery rhymes are a socially engaging, playful, and
developmentally appropriate way for young children to hear, identify,

manipulate, and experiment with the sounds of language. Integrating nursery
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rhymes, jingles and chants, and other traditional literature into the early
childhood curriculum contributes to a linguistically rich environment in
which young children are exposed to the rich vocabulary, syntactic
complexity, and decontextualized language contained within the English
language. Combining tactile-kinesthetic activities, in which language is
intentionally explored, manipulated, and experimented with, within the
context of nursery rhymes and literature enhances children’s phonological
awareness, sensitivity to rhyme and phonemes, and may stimulate phonemic
skill development. Although the sample is very small the results match those
predicted by Bradley and Bryant (1991).

2.1.3 Sensitivity to Syllables

The evidence would suggest that young children are equally sensitive to
syllables as they are to rhymes in pre-school settings. A 2009 résumé
(Pufpaff) of the literature on the developmental nature of phonological

awareness for school practitioners is shown in Table 2.1.2.

Table 2.1.2

Phonological sensitivity Skills in Developmental Sequence

Skill Example

Rhyme detection “Does dog rhyme with log?”

Rhyme creation “Change the first sound in dog to make a word that
rhymes with dog.”

Rhyme production “Tell me a word that rhymes with dog.

Rhyme recognition “Which word rhymes with dog? Cup-sit-log.”

Rhyme oddity “Which word does not rhyme with the other words:
fan-cat-mat-hat.”

Syllable blending “What word is this? Listen. /ta/ /ble/.”

Sentence segmentation “Tell me how many words you hear in this sentence.
Listen. The boy has a blue hat.”

Syllable segmentation “Count the syllables in this word. Listen. Elephant.”

Syllable deletion- “Listen. Cowboy. Say cowboy. Take away cow. What

compound word word is left?”

Syllable deletion- “Listen. Carpenter. Say carpenter. Say it again

multisyllabic word without car.”

It is interesting to note the effects of training on this task. All the early
research suggests quite strongly that pre-school children find the concept of

the subdivision of a word into syllables quite easy, and the segmentation of
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words into phonemes more difficult. The present literacy curriculum, as
interpreted by many schools, place emphasis on phoneme segmentation — eg a
word such as ‘panda’ — is not first and foremost a two syllable word, but it
comprises five phonemes. Initially the children in the research for this PhD
were confused by the concept of dividing a word into ‘big’ bits (syllables),
rather than the smaller letter sound units they were taught in class. In other
words they seemed to have to relearn a skill that evidence showed they were
able to do. In the English school system there sometimes seems to be a focus
on learning to read before the children comprehend the sounds of the
language — but as I have discussed above, all evidence shows that early
understanding of the larger units of sounds in a language facilitates reading.

Data concerning a young child’s sensitivity and ability to segment
words into syllables is very well established. Fox and Routh (1975) assessed
the ability of 3 to 7-year-olds to segment sentences into words, words into
syllables, and syllables into sounds. All age groups were able to segment
sentences into words, and most of the 3-year-olds could segment words into
sub-units, although not necessarily at syllable boundaries. Children ages 5 to
7 performed near ceiling level on these two tasks. Their research showed that
segmentation of syllables into phonemes was the most difficult task for all
pre-school and first grade groups. The 3-year-olds could only segment about
25% of the syllables correctly, whereas the 6 to 7-year-old children
segmented more than 85% correctly. There was a marked increase in the
ability to segment syllables into phonemes between the ages of 3 and 6 that
leveled off between 6 and 7. Goldstein (1976) obtained similar results when
assessing 4-year-olds on their ability to segment and blend both syllables and
phonemes. The children’s performance with the syllables was superior to that
of the phonemes.

Liberman, Shankweiler, Fischer, and Carter (1974) examined the
relative difficulty of syllable segmentation compared to phoneme
segmentation among children in preschool, kindergarten, and first grade. As
expected, syllable segmentation was easier. In fact, none of the children in
preschool could segment by phonemes while nearly half (46%) could
segment by syllables. Among the kindergartners, only 17% could segment by

phonemes, whereas 48% could segment by syllables. Accurate performance
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increased dramatically in first grade, with 70% successfully segmenting by
phonemes and 90% by syllables. This was one of the first studies to
empirically demonstrate syllable-level segmentation was easier than
phoneme-level segmentation.

Treiman and Zukowski (1991) asked children whether two words
presented to them had any sounds in common. In one condition, the shared
sounds constituted syllables (e.g., hammer- hammock; compete — repeat); in a
second, they were onset-rimes (e.g., plank —plea; spit —wit); and in a third,
they were phonemes (e.g., steak —sponge; smoke- take). Treiman and
Zukovski found that the syllable task was easier than the phoneme task at
every grade level, and the onset-rime task more difficult than the syllable

task. Both tasks were easier than the phoneme deletion task.

In general therefore the research literature shows that pre-school
children have difficulty detecting, isolating, and manipulating individual
phonemes in words (Bowey & Francis, 1991) because they are an abstract
phenomena, but syllables are each distinguished by a ‘vocalic’ centre with

well defined acoustic properties and can be produced in isolation.

2.14 Implications for the research paradigm

It is important for professionals who work with young children to
understand the developmental nature of phonological sensitivity so they can
make informed decisions about assessment, literacy instruction, and
remediation (Phillips, Clancy- Menchetti, & Lonigan, 2008). When educators
understand the order in which young children acquire phonological sensitivity
skills, they can better design assessment measures that accurately assess
appropriate phonological sensitivity skills in the proper sequence (Anthony,
Lonigan, Driscoll, Phillips, & Burgess, 2003). More important, providing
instruction in phonological sensitivity skills at appropriate developmental
levels will contribute to the prevention of later reading difficulties.

The studies of Blachman et al (1994 and 1999) are particularly apposite
because she followed a sample of children (n.159) from low income, inner

city communities in upstate New York where there was a high proportion of
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low on-entry ability. The study found that an intervention based on a
phonological awareness program in kindergarten followed by a reading
program in grade 1 (and extended to grade 2 for some children) that built on
this awareness and emphasized explicit instruction in the alphabetic code
demonstrated a significant advantage in reading at the end of grades 1 and 2.
The lowest scoring 8% of children at pre-test benefitted most from the
intervention programme. The intervention, although quite intensive, was only
11 weeks long.

However in a study in Scandinavia (Lundberg 1991) it was concluded
that phonemic awareness could be developed among preschoolers (n.200 - 6
to 7 year olds) by training, without introducing letters or written text. *This
has made it possible to examine the critical role of phonemic awareness
independent of reading skill and outside the context of reading instruction.
The researchers concluded that a more crucial element was explicit guidance
of children when they were trying to access, attend to and extract the elusive,

abstract, and implicit segments of language.

Because the research literature tells us that young children, particularly
those who find difficulty in hearing and interpreting the phonemes in words,
would benefit from increased phonological training in hearing and
interpreting syllables and rhymes within the speech stream, this will become
the focus of the phonological testing in this study. These tests will then be
correlated with other psychometric measures and appropriately devised music
tests that bring attention to both syllable and rhyme awareness in instrumental

music and songs.

¥ Children in Scandinavian countries do not have reading instruction before the age of 7 due to the
relatively late school start and an old tradition that reading is school business.
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2.2

Music Perception and Skill Acquisition in the pre-school child

Table 2.2.1 Musical Definitions

1.

Rhythm refers to the temporal or durational qualities of music, including beat, tempo,
and meter (Hodges & Sebald, 2011). A steady or isochronous beat offers a framework
in which the listener organizes sounds.

Tempo is related to how quickly or slowly beats occur. Humans can perceive beats
starting at 30 beats per minute (bpm) and ranging up to 300 bpm in streams of musical
events, but are most likely to infer tempi from basic pulse rates of 60 to 150 bpm.
(Thaut 2005). Tempi in music are never stable, but fluctuate. These fluctuations
however do not seem to undermine the listeners sense of stability in an underlying
pulse. (Large and Palmer, 2002; Madison and Merker, 2002).

Meter is an important organizational component in music because it organizes sounds
into equal or unequal subdivisions over time (Radocy & Boyle, 2003).

Pitch is associated with a tone being perceived as high or low on a continuum (Radocy
& Boyle, 2003; Stainsby & Cross, 2009). Frequency or vibrations per second primarily
determine pitch; however, pitch is also influenced by other factors, including sound
intensity.

Pitch is an acoustic property that allows the listener to identify highness or lowness in a
sound (Benward, 1985).

Tones. While pitch is a general term, the term tone is used to define pitches with a
definite frequency.

Notes. In music, tones are called notes and are arbitrarily determined by a set of rules.
The Western music system for example, is based on the chromatic scale, or, a series of
twelve notes equally separated by units called semitones, which are equally spaced in a
log-frequency scale.

‘Pitch’ simply defines sounds with no specific frequency information; the significant
factor is whether they are the same or different. In musical terms a note describes a
pitch with a specific frequencies that correspond to those of the chromatic scale in the
Western tonal system, as seen in the table below.

Note C Cg | D D# | E F F¢ | G G | A A¢ | B
name (Middle

®)
Frequency | 262 277 1294 | 310 | 330 | 349 | 370 | 392 | 415 | 440 | 466 | 494
Hz
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“Musical activities are fun. Motivation and engagement are important
for successful learning by young children. The pleasurable aspects of
music-making and dancing mean that rhythmic co-ordination skills are
likely to be learned almost as a by-product of emotional engagement

and having a good time. ~ Goswami 2012 - pg 12 (in original article) .

Teachers of young children in schools generally have an a priori
assumption that music is a ‘good thing’ and that it helps socialisation and
empathy between the children and carers. Children are exposed to music from
computer games, television, video and CDs etc., for many hours a day and are
familiar with popular cultural reference points — music for singing and
dancing, and music that surrounds everyday life such as shopping and
background to viewing film and television. The vast majority of children
engage with all of these stimuli in a positive way. Even though the
performance of young children might not reach a level where they are
accurate in their reproduction of songs or complex rhythms, they certainly are
aware of the complexities associated with, rhythm, pitch, timbre, musical

structure and even harmony from infancy.

In the first part of this section I look to establish the criteria on which the
testing protocol depends:- what can we expect of the young participants? Is
there sufficient stability in their musical performance that allows for

meaningful comparisons to be made with their phonological skill acquisition?

There are two distinct areas of research that shed light onto the musical
developmental of young children. First the development of their skills:- how
they gradually refine their rhythmic and pitch performance, allowing them to
take part within the music of their culture, and secondly how they are able to
achieve these skills, through increased musical perception. Musical
perception being the interdisciplinary approach to understanding the mental
processes that support musical skills and behaviours, including

comprehension, memory, attention, and performance.

An understanding of a child’s developmental progress in musical skills

has been achieved by looking at the results from both musical aptitude tests
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and large scale observational studies:- what can the children do (or perform)
at various stages of their development from the earliest pre-natal responses to
the ability to play an instrument or sing in tune? (See Table 2.2.2.) These
responses are coloured by the cultural context and environment in which the
child is nurtured. The findings from these studies are important, particularly
from an education perspective, because they facilitate the ability of teachers
and carers to devise an appropriate curriculum based on the age and ability of
a child. In the formulation of this research the results of such studies
provided me with the necessary reference points to help devise the musical
stimuli that 4 to 5 year-old children would best respond and enjoy when
participating in the data collection. Many past researchers into musical skill
acquisition have often failed to inquire into the fundamental cognitive
development that underlies the child’s musical development, such as the
ability to perceive the beat or the metrical structure which allows for
repetition and easy comprehension of the way a piece of music is constructed,
or even the biological functions that allow the child to sing and match their
pitch to others. This section is divided into two areas:- first — the emergence
of musical skill acquisition, and second — the emergence of musical
perception skills. Both aspects are explored because they were both important

in the development of the research paradigm used in the study.

2.2.1 The Development of Rhythm SKkills in infancy and the pre-school
child

Between 12 and 36 months of age children begin to engage in
spontaneous musical activities (Trehub & Hannon, 2006). In ‘The Musical
Experience of the Pre-School Child” (1976) by Helmut Moog, he observed
that young children in their second year still responded to the ‘sensory
impression’ of the sound of music alongside its rhythm. He thought that this
was the ‘heart of musical experience' (p. 86). His study, involving 500
children, observed that children’s first responses to music were through
movement at around the age of 6 months. He reported that movements often
involved the entire body and were described as rhythmical because of their
repetitiveness, but they did not necessarily synchronize with the musical

sounds. After the age of 1 the movement responses decreased, but increased
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in their variety, and somewhere between the ages of 18 months and 2 years
the children begin to “match their movements to the rhythm of the music”, but
only for short periods. Moog also observed that shortly after children were
able to make movement responses to music they began to make vocal
responses which he referred to as musical ‘babble’. The first babbling songs

“«

lacked rhythmic structure and bore “no resemblance to what is sung or
played to them”(p. 62). He, however, proposed that the child clearly related
to the fascination of the sound itself and the pleasure of beginning to control
sound. Between the ages of 1 and 2 years, children began to imitate songs
and Moog found that children first produced words, then rhythm, and then
pitch. About 16% of the children, however, began imitating rhythm and pitch
without words and began including words between the ages of 2 and 3. By the
age of 2.5, about 22% of children “sang” just words and rhythm; but by 3
80% imitated words, rthythm, and pitch. About 50% of 3-year-olds imitated
entire songs. He felt that this indicated that, while the ability to sing and to
move rhythmically to music begins to emerge before the age of 2 years, the

ability to coordinate words, rhythm, and pitch in singing doesn’t begin to

emerge until around the age of 2.5 years.

Table 2.2.2

General characteristics

Standley (2011)

patterns, meter, with meter developing around age 9 (Hargreaves & Zimmerman, 1992)

Infancy: 0—12 months Infants can recognize changes in simple rhythms at 5 months (Gembris, 2006)

Infants can detect changes in tempo (McPherson, 2006)

Infancy/early childhood: 1-2 |- to 2-year-olds can match the rhythm of a model (Miyamoto, 2007) []

years (12-35 months)

A regular meter in singing becomes noticeable during the second year (Gembris, 2006)
12-month-olds show adultlike, culture-specific responses to musical rhythms (Hannon,
Trehub, & Purves, 2005)

Encourage children to clap, play instruments, and move to the rhythm; marching to the
beat will occur later (Rainbow, 1977)

Early childhood: 3-5 years Most children become competent at perceiving and performing rhythms between the

ages of 3 and 5 (Reifinger, 2006)

Younger children prefer faster tempos (Reifinger, 2006)

At age 3, children begin to create patterns through repetition (Miyamoto, 2007) []
3-year-olds reproduce rhythms best vocally (Reifinger, 2006)

40% to 60% of 4-year-olds can keep a steady beat by clapping/tapping (Reifinger, 2006)
Kindergartners are most accurate rhythmically when chanting (Loong & Lineburgh, 2000;
Reifinger, 2006)

Rhythm Skills — progression from infancy to year 5 in Gooding and

Research suggests that the developmental sequence in rhythmic concepts is as follows: beat, rhythm

Moving to music can facilitate rhythmic ability in motor skills execution (Teachout, n.d.); however, it is

important to keep clapping and movement activities simple (Miyamoto,

2007)

Performing rhythms vocally is easier for 3- to 4-year-olds, so voice should be used to
teach rhythms (Gembris, 2006)

Moog found that between the ages of 3 and 5.5 years — old about 50%
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of children continued to make spontaneous movement responses to music, but
the variety of movement decreased. Between the ages of 4 and 6, movements
increasingly matched the rhythm of the music and coordinated with the music
for longer periods. Sims (1985) in her research with pre-school, primary and
college aged teacher training students also found that 3 to 5-year-olds’
rhythmic movement increased with age. Movements were rhythmical 22.49%
of the time with 3-year-olds, 61.97% with 4-year- olds, and 73.86% with 5-
year-olds. Rhythmic movements corresponded to the beat almost three times
as often with the 5-year-olds as with the 3- and 4-year-olds, indicating that
most children become competent in moving rhythmically to music between
the third and fifth years of life.

Rainbow (1981) assessed 3- and 4-year-old children’s ability to keep a
steady beat and to echo rhythmic patterns. To perform beats or rhythms, a
vocal response mode was the easiest for 3-year olds, 50% of whom could
successfully perform the tasks. Only 10-14% were successful when clapping
and tapping. Marching to the beat and echo-clapping a rhythmic pattern
without vocalization were the most difficult tasks. Vocal responses were
performed successfully by 70-90% of 4-year- olds. Only 40-60% of these
children could keep a steady beat by clapping or using rhythm sticks, and 30—
40% could echo rhythm patterns by clapping. Marching to the beat was still
very difficult and was performed successfully by only 18-20% of the 4 year-
old children. Rainbow believed that children needed to practice gross-motor
skills, but he also concluded that using vocal responses and singing might be
the most effective way to ensure success when beat and rhythm performance

skills are first emerging.

2.2.2 The Development of Pitch in infants and pre-school children.

Bridger (1961) found in his study of 50 infants that when they were as
young as 5 days old they could discriminate fairly fine differences in
frequency. The varying frequencies of tones played to the babies produced
both physical movements and changes in their heart rates. Infants showed a
perceptual bias for high-pitches at around 6 months of age. In a ground
breaking study reported in 1985 Eimas also reported the remarkable abilities

of new-born children to discriminate accurately the sounds and characteristics
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of phoneme onsets, such as an ability to differentiate between the sounds of
‘Bah’ and ‘Dah’ or ‘Maw’ and ‘Bah’. They concluded that this ability to
finely discriminate such complex acoustic signals was innate, and the child is
born with a perceptual mechanism that is tuned to the properties of speech. In
another study, Olsho (1984) compared the ability of 18 infants from 5 to 8
months of age and adults to distinguish between high and low pitches. The
task consisted in the presentation of a series of tones between 250 and 8000
Hz in either ascending or descending order. The infants were taught to make
a head-turn whenever they heard a sound change. While the adults
performance was equivalent for both low and high pitches, the infants

performed better when the discrimination involved high pitches.

Table 2.2.3

Pitch progression from infancy to year 5 in Gooding and Standley

(2011)

Infancy: 0—12 months Infants respond more to consonant pitches (McPherson, 2006)
Infants are sensitive to pitch and timbre, and infants actually perceive small pitch differences

better than adults (Gembris, 2006)

Infants can detect melody changes and transposition around 6 months (Gembris, 2006)
Infants can match pitch on single tones between 4 and 6 months (Miyamoto, 2007)
Infants group patterns based on similarity in pitch (McPherson, 2006)

Melodic contour appears to be the important melodic element (Hargreaves & Zimmerman,

1992)

Use consonant music (Trehub & Hannon, 2006)

Infancy/early childhood: |-
2 years (12-35 months)

Early childhood: 3-5 years

Children can approximate the pitch of a singing model (Miyamoto, 2007)

Toddlers do not sing in tune consistently (Encyclopedia of Childhood and Adolescence, 2001)
From about 12 months of age on, infants show culture-specific responses to some musical
elements (Trehub & Hannon, 2006)

Children as young as 3 years can nonverbally express their understanding of pitch-related
elements (Miyamoto, 2007)

From 4 to 5 years, children develop the ability to match pitch more consistently, although
tonality is sometimes unstable (Miyamoto, 2007)

Children between the ages of 3 and 5 respond more accurately on pitch-related tasks using
nonverbal means such as tactile and visual modes (Miyamoto, 2007)

Infants are not only sensitive to isolated pitches, but are also attentive

to pitch contour i.e. the direction of pitches in a sequence. This almost
certainly derives from the auditory experiences of the child in the womb and
at birth. The way parents speak to their infants is a forms of speech (e.g.,
adult directed speech), and is known as "motherese", "baby talk." or infant

directed speech (Femald, 1985; Femald & Kuhl, 1987; Trainor, Austin &
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Desjardins, 2000). Motherese is generally higher in pitch, slower in tempo,
linguistically simpler, more rhythmic, and is more exaggerated than adult
directed speech (Femald, 1985, 1989; Trehub, Trainor & Unyk, 1993).
Different pitch contours found in motherese ascribe different meanings and
elicit different responses from infants (Femald, 1985). Bell-shaped contours
(down-up-down) for example, are generally used to capture infant attention
(Femald, 1989), while sustained and falling contours (down-down) are often
used to calm and soothe infants (Papousek, 1991).

Researchers have also investigated the area of pitch matching. Kessen,
Levine, and Wendrich (1979) found that pitch matching in infants between 3
and 6 months of age was attainable through training sessions that first used
natural vocalizations of the infant stimulated by the mother, followed by
vocal interchange between the infant and the experimenter. These vocal
interchanges consisted of the introduction of a stimulus pitch within the
determined pitch range of the baby, whereby every vocalization by the infant
was answered with the stimulus pitch sung on “ah.” Pitch matching was
deemed successful when the infant successfully matched the stimulus pitch
five or more times. The notes of D, F, and A above middle C were used based
on preliminary observations that these tones fell within the baby’s normally
occurring range of produced sounds.

Wendrich (1981) revealed that pitch matching ability can be lost. After
an interval of three years from the 1979 study by Kessen et al., children from
the initial study were reassembled. Using exactly the same testing protocol
the research found that the consistent pitch imitation observed at 6 months
had become inconsistent at 3.5 years. It was concluded that the loss of pitch-
matching ability was due to a lack of practice and experience. Welch (2001)
has demonstrated that conservation of pitch is only achieved for some
children above 7 years of age, and states, like Wendrick, that it depends on
practice and experience. This phenomenon can explain the reasons why 4
year-old children often have poor performance skills in relation to their ability
to sing in tune, even though the studies with infants indicate that the young
child has a good perception of pitch.

Sloboda (1985) reported that prior research had shown that after

learning a new folk song, four-year-olds could not maintain a steady beat
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while singing it on their own. This would suggest that some children find it
difficult to focus on both words, rhythm and pitch at the same time. They can
be accurate in rhythm or pitch, but not necessarily at the same time.

These findings are supported by Moog (1976) who observed that a
characteristic of this age is the ability to sing the words and match the rhythm,
but only sing with an approximate stability of pitch.

The results from this study also match these findings. Out of the 192
children only 9% could sing ‘Twinkle, Twinkle’ accurately. 29% had no
sense of pitch at all — 40% were ‘modulating’’ singers and were just
beginning to acquire a sense that the melody went up and down, and 22%
were attempting accurate pitch. The children were tested individually and
sang along to a pre-recorded backing track with an adult. Even though the
pitch was age appropriate (C4 — A4 /262 Hz — 440 Hz) as stated above 29%
made no apparent effort to change pitch — they sang to a monotone.
However they were rhythmically quite accurate even when the music they
sang changed speeds. They seemed to have a good mental representation of
the songs, but their performance did not reflect this (Miyamoto (2007 - See
table 2.2.3). A possible explanation for the relatively poor performance of this
group of children perhaps comes from the experience of the children in their
home environment. In several schools within this survey I was able to meet
and run sessions for the children and their parents before they entered pre-
school. With very few exceptions the parents were reluctant singers and were
embarrassed to sing to their children. Welch (2005) considers early
experience as the most significant factor in being able to sing accurately.
Even though the children sang ‘out of tune’ this didn’t stop them trying to

perform with enthusiasm and conviction.

The data gleaned from musical aptitude tests and observational studies,
although of considerable value gives us no real understanding of how the
child comes to be able to discriminate or move rhythmically to the music.
Indeed the scores from aptitude tests often gave a very poor account of a

child’s suitability to play an instrument, because they give no data that can

? (Flowers & Dunne-Sousa, 1990) used this term to indicate that the children’s singing followed the
correct contours of a song but were not sufficiently accurate to be able to say they could match the
original song.
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account for the child’s learning styles. For example, a child who has a very
high score and an excellent auditory response to the tests might find that the
noises made as they learn to play the instrument are too ‘uncomfortable’, and
they give up learning very quickly. Hallam (2006) suggests that the reasons
for this are that ability tests, particularly those that are used to assess
suitability to play an instrument do not take into account motivation or

commitment.

2.2.3 The development and measurement of musical perception

Music psychologists were unhappy with the nature and limited
application of the musical aptitude tests, because they failed to give any
insight into creative achievement in music, or indeed the underlying musical
perception, developed a different kind of research model. Davies (1978), for
example, suggested that aptitude tests should assess musical reasoning and
emotional connectivity to music. In consequence a further group of
observational studies were developed to discover what the child understood
whilst ‘composing’ or playing with musical ideas. These were largely in line
with the developmental theories of Piaget. Piaget (1951) noted that play in
very early childhood is characterised by the sheer pleasure of exploring and
mastering the environment. He calls this “a feeling of virtuosity or power”.
The handling of voices and instruments, the development of ensemble skills,
the use of notations, delight in the virtuosity of others, are obvious elements
of mastery. A number of investigators adapted the ‘Piagian’ stages of
development to demonstrate growth in musical abilities and perception
(Swanwick and Tilmann (1986) Campbell, 1991; Gardner, 1973, 1993;
Serafine, 1988; Zimmerman, 1984, 1986, Hallam, 1998).

Initially most early musical activities are driven by a desire to see how
things work in both a physical and aural way and musical activities are often
connected to sound and timbre exploration — such as picking up a maracas
and shaking it to see how it sounds (Miyamoto, 2007; Swanwick & Tillman,
1986). Whilst the young children enjoy playing simple percussion
instruments and participating in vocal play they begin to develop basic

musical abilities such as the ability to coordinate words, rhythm, and pitch
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when singing (Gembris, 2006; Reifinger, 2006).

These theories are well expressed in the spiral diagram developed by
Swanwick and Tillman (Figure 2.2.1) after they had investigated the changing
nature and development of children’s compositions. The diagram is, as was
intended by the authors, a useful tool for educators, as it shows what a child
might be capable of at a given point in their musical development and
perception. Typically the research using such tools as the spiral diagram
shows that children are able to perceive and have a far greater understanding
of the music around them than is shown in their performances. This is
exemplified in a study with 20 11-12 year-old Brazilian children (Swanwick
and Franga 1999). Franca compared their understanding and their
performance on the piano of three of their own compositions. She found that
their perception of what they wanted the pieces to sound like far outweighed

their ability to perform the pieces.
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Figure 2.2.1

The Developmental Spiral (Swanwick & Tillman 1986)

Formal relationships and
expressive character
fused in coherent and
musical statement

Surprises, expressive
characterisation is
subject to
experimentation, seeking
to contrast or vary

Changes of speed and
loudness: elementary
phrases; drama, mood or
atmosphere,
‘programmatic’ ideas.

Pleasure in sound itself,
particularly timbre and
dynamic extremes.

SYSTEMATIC

The Development of Musical Perception in Infancy

Sets of new or newly
organised musical
materials. Such as scales
and note rows, novel
harmonic sequences

Structured surprises are
integrated into clear
idiomatic practices

Melodic and rhythmic
figures able to be
repeated; metrical
organisation,
syncopation, ostinato and

Repetitions, regular
pulse, ideas suggested by
the physical structure of
instruments.

Musical perception is very much in evidence in infancy, and Cross
(2003) coined the term ‘proto — musical behaviour’ for this developmental
stage in which we begin to see the emerging musicality that is later exhibited
in the pre-school child. The child is ‘primed’ for music and yet their
developing skills associated with music are always developed in conjunction
with other skills, both social and biological.

Infant musical perception develops through parental musical
involvement, as well as through the imitation of responses of other children.
During infancy, children learn through the process of cause and effect to
process sounds, move rhythmically, and use their singing voices (Standley,
2003; Warrener, 1985).

Trehub and her colleagues (Trehub, Schellenberg & Hill, 1997; Trehub,
2003; Trehub and Hannon, 2006) have demonstrated that at six months
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infants are 'rather capable listeners' and are sensitive to melodic contours.
They experience as 'the same' melodies that share the same contour or pattern
of ups-and-downs, even though the pitches might have changed. They have
demonstrated that the infant possesses strong biological predispositions to
respond to the musical features of the sounds they encounter. Even younger
infants show a capacity for music. Mechthild Papousek (1996) showed that
infants can display a range of 'proto-musical behaviours' in their interactions
with their caregivers, using rhythm and pitch in a musical way. These proto-
musical behaviours consist not only of listening to sounds but also of
producing them and actively moving while doing so:-

“regular synchronization of vocal and kinesthetic patterns provides the

infant with multimodal sensory information including tactile, kinesthetic and

visual information”. pg 100.

Papousek (1996) did not see musical development as being an
independent construct, but as part of the development of speech and
communication.

“speech, as a uniquely human form of communication, represents an
unusually effective means of biological adaptation” Papousek - pg 38.

Papousek proposed that speech-related and musical sounds are partly
learnt in the infant’s social environment, and Papousek and Papousek (1982)
demonstrated how parents ‘scaffold’ the infant’s vocal behaviour towards
different levels of expertise. By the use of videotape to record the mother and
baby interaction the Papouseks and their teams showed the build up of the
infant/child relationship, and the constant interplay between the two. The
exaggerated melodic contours found in adult-directed-to-infant-speech found
in the recordings seemed to show that parental intuitive behaviour guides
their babies’ musical beginnings (Papousek 1996). Melodic elements
therefore have not only a special attraction for infants as audible stimuli, but
also form the characteristic basis of their own vocal utterances (Wermke, &
Mende, 2009).

“The long developmental journey from the earliest emotionally loaded
utterances of an infant to the fully developed language of an adult
effectively begins at that point when feeling and need are conveyed to
another via melody” Wermke, & Mende (2011) - pg 910.
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The research into infants’ musicality as a social tool is also exemplified
in the work of Trevarthen (1999) but his work has focused perhaps more on
the rhythmic and temporal elements of the ‘Infant Directed Speech’ rather
than the pitch based emphasis found in the work of Wermke and Mende. His
investigations of talk, singing and other rhythmic games with infants show
that the general features of interactive musicality are displayed in the
anticipatory movements and emotions that develop between infants and their
caregivers. His research adds strength to the argument that a child
comprehends the inherent rhythmicity of sounds around them and has a
rhythmic time sense, which is able to detect regularities in musical elements,
and is sensitive towards the acoustic elements of the qualities of the human
voice, and the ability to perceive ‘narrative’ structures in vocal or musical
performances. He concludes that musicality precedes and underlies language
in the life of a child because parents reinforce the musical aspects of early
vocalizations by repetition of the infant’s prosodic utterances and, hopefully,
by singing songs and lullabies. Gradually, vocal/musical play gives rise to
speech and words. Early musicality thus encapsulates the interaction between
biological predispositions and the social world.

Cross (2003) writes that music, or proto-musical activity,
“provides for a child a medium for the gestation of a capacity for social
interaction, a risk-free space for the exploration of social behaviour that

can sustain otherwise potentially risky action and transaction”. pg 7.

2.2.4Perception of Music as a ‘whole’ in the pre-school child

According to Meyer (1973), the ability to process rhythm, pitch, and
melody involves perceiving coherent patterns of tones over time thus
allowing humans to perceive music. One can now express these intuitions in
a more scientific way and say that because the brain combines stimulus
elements that are perceived simultaneously and in succession to form a
coherent, perceptual structure the music is perceived as a “whole” unit
(Krumhansl, 1990; Neuhaus & Kndsche, 2006). This is a result of the ability
to recognise patterns in a sequence of separate tones that is part of the
structure of the piece of music. The structure allows a person to develop

expectations regarding the types of patterns that might come next in the music
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(Radocy & Boyle, 2003).

Krumhansl (2000) in her review of the literature on the significance of
rhythm and pitch concludes that “the perception and cognition of a piece of
music reflects how the music is structured”. This builds on the observational
studies of Serafine, 1988; Davidson & Scripp, 1988: Bamberger, 1999 and
Swanwick, 1999.
“‘tones’ are heard as ‘tunes’” (Swanwick, 1999)
and tunes are something that can be shared and perceived by others in a social
and cultural environment.

The perception of structure is defined by the culture and is in place at
a very early stage (Hannon and Trehub; 2005, Drake 1998). When the child
reaches pre-school age one can observe more readily their perception of the
music they hear because the internal processes of the infant are now exhibited
externally — we can hear how they are singing and can track the slow
maturation from melodic contours, with their variable accuracy, to the
finished song. We can track how accurately they can tap or dance along to a
piece of instrumental music. We can also glimpse their perception of what
they are hearing and trying to achieve by looking, amongst other things, at
their own visual representations of their musical experiences; singing, playing
instruments and compositions. Davidson et al (1985; 1988; 1994) and Jeanne
Bamberger (1980) showed that young children have an holistic perception of
song which incorporates melody, rhythm and words.

Davidson insists that to view musical ability based on the ability to
discriminate individual sounds from one another is incorrect. In a series of
longitudinal studies Davidson was able to confirm the findings of earlier
studies (Moorehead and Pond (1941) and Shuter-Dyson (1961) that had
observed that children’s early efforts at singing were not based on an ability
to match accurately a series of interconnected musical pitches (intervals) but
came from a growth of understanding about the overall shape of a short
melodic ‘contour’. He states emphatically that:-

“Children’s early ‘songsinging’ simply does not depend on linking of fixed
pitches or key structures”
but must arise from a perception of unfolding motion within a melody. This

was confirmed by later research by Platinga & Trainor (2005) that showed
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that even 6 month-old infants have perception of the whole piece rather than
isolated fragments when listening to a folk melody. Davidson further refined
this argument after systematically observing 78 children aged 1 — 6 over a 6-
year period. He then was able to suggest that the concept of musical
‘contour’, which conveys the figurative shape of the melody but not
necessarily an accurate pitch, needed to be placed within a recognition of
levels of mental organisation which he termed a ‘contour scheme’ which
allowed the child to contextualise individual contours in relationship to others
(Harvard Project Zero — Davidson 1985). Another longitudinal study tracked
9 children from birth for 5 years, commencing just after their first birthday.
The findings of the sample were replicated with a further 69 children in a
cross-sectional study who were matched by age and socio-economic
background. During the course of the study it was possible to analyse the
development of the ‘tonal contours’ and see that whilst the child slowly
gained more accuracy of pitch, they seemed always to have the phrase
structure in mind even when the song was sung inaccurately.

By the age of 3 the rhythmic nature of these elementary phrase
structures was often linked to words, which were replicated with increased
consistency (Davidson and Colley. 1987).

Davidson together with Jeanne Bamberger then looked further into the
children’s perception of musical contours, and how they might give a greater
insight into their perception of musical structure, which combines melody,
rhythm and harmony and give insight into the child’s developing ‘musical
intelligence’.  Davidson and Bamberger confirmed this as they looked at
visual representations of children’s songs. Bamberger analysed 4 and 5 year-
old children’s figurative representations of simple songs and noted that they
represented simple rhythmic patterns. As the child listened to the songs they
drew representations of fast and slow notes as they occurred. Her principle
conclusions from this early work suggested that the child could organise their

listening into small units, which she later termed ‘tuneblocks’.

“Concentrating on the smallest levels of musical detail — individual
pitches, metric values, intervals and basic notation ..... these approaches

actually impede progress. ..... Working with ‘chunks’ of musical
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information students learn to create a structural framework for their

musical intuitions” ‘Developing Musical Intuitions’ - introduction (1999).

The concept of listening and dividing the whole experience into
‘chunks’ seems to carry on into adulthood. In a study by Tillman et al (1996)
the researchers played recorded performances of piano pieces of Bach,
Mozart and Schonberg to 40 adult ‘non—musicians’. The music was
segmented into short chunks of six seconds on average. These chunks were
linked either in a forward order or backward order. In the latter version, the
global structure of the pieces was effectively destroyed, but the superficial
features and the local structures inside the chunks were unaltered. When the
participants listened to both the Bach and the Mozart pieces, playing the
chunks in a forward or backward order did not affect their feeling of
coherence. The researchers concluded that short chunks contain enough
information to define the expressive qualities in the music for non-musician
listeners.

The young child’s experience of music is formed not only from an
amalgam of varying purely musical elements, but research shows that they
even find it difficult to differentiate between music with or without lyrics.

Both Crowder (1990) and Serafine et al (1984; 1986) demonstrated that
even adult listeners simply cannot “ignore” the lyrics in a song despite
explicit instructions to attend only to the melody. Recognition performance is
better in original melody-lyrics contexts compared to melodies with nonsense
lyrics. In a study by Morrongiello (1990) she showed that 4-year-old children
were more likely to identify two songs as the “same” if at least the words
were the same, and as “not at all the same” if the words were different,
regardless of melody congruency.

The inference from looking at these studies is that pre-school children
are able to respond to music with multiple dimensions when the music seems
to follow ‘the rules’ or principles. The example from Tillman and Bigand
(1996) quoted above would seem to suggest that even if the music does not
follow the expected structure, and musical phrases are deliberately
manipulated to distort the original composers intensions the brain still has the

capacity to interpret the music as if all the normal rules were in place.
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Lerdahl and Jackendoff (1983) proposed that the psychological
representation of a piece of music includes a hierarchical organization of
groups called the ‘grouping structure’. The groups gradually combine
together to form larger units. The grouping structures usually are rhythmic
but they can be characterized by changes in loudness, timbre (spectral
properties), pitch, and/or duration. We perceive individual auditory events as
part of a larger pitch and rhythmic structure, as smaller units are grouped into
larger and larger units in hierarchical structures (Krumhansl, 2000; Radocy &
Boyle, 2003). We can see this process of grouping events emerges in infants
as early as four months of age. A child shows a preference for listening to
groups that end with a falling pitch contour and long final duration
(Krumhansl & Jusczyk, 1990;' irrespective of language and culture. (See
Figure 2.2.2.)

Figure 2.2.2 Twinkle Twinkle
Groupings and phrases Twinkle Twinkle
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In a subsequent study, Jusczyk & Krumhansl (1993) further examined
infants' (N=120) preferences for naturally and unnaturally segmented musical
phrases using several manipulations of the stimuli including reversed excerpts
(i.e., played backwards). They found that infants not only preferred the
naturally segmented excerpts, but also were attentive to musical phrase

structures, using descending contours and changes in pitch duration (i.e.,

' In this research with Japanese children the experiment looked at infants’ sensitivity to clausal units in
a mora-timed language.
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slowing down) as indications of endings in musical phrases. (see Principle 1

in Table 2.3.1 below).

2.2.5 Implications for the research paradigm

In the résumé of children’s skills in Tables 2.2.2 and 2.2.3 we can see
that a normal developing child will be able to tap and sing along to music
quite successfully. Even though their singing skills might not reflect their
ability to perceive and perform the songs accurately, this should be no barrier
to their ability to keep accurate time, indeed Reifinger (2006) suggests they
will be much more accurate.

The literature tells us that there is a progression of musical skills and
musical perceptual abilities which are not fully formed by the age of 5. The
children, however, generally love to interact with music in its social and
cultural context and tapping along to a beat or singing a song are all
experiences they can explore with pleasure and some levels of expertise. The
literature tells us that these skills are developed from infancy and some of the
really sophisticated qualities of music, such as the ability to detect ambiguous
rhythms and chord progressions and the underlying structure are all in place
by the age of 4 to 5-years-old. (Koelsch, 2008). The 4-year-old child is
already quite a competent musician and so we can track their rhythmic
competence whilst they drum or sing to culturally appropriate music that has
predictable form and structure.

In this research paradigm I further explore whether the children are
most accurate in synchronising to a beat, and whether words are a distractor
or actually help the children to keep in time. The literature discussed in this
section does not give us an indication of whether certain speeds, or pulse rates
give preferential performance. Neither does it give us an indication of
whether the children would synchronise most accurately to a stimuli, with
minimum distractions, such as a metronome beat, especially since the
literature would suggest that music that has exciting sounds will galvanise
interest, and by implication result in more intensive listening and accuracy of
performance. (see Swanwick and Tillman diagram — the children take

“Pleasure in sound itself, particularly timbre and dynamic extremes.”
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The testing protocol therefore takes this into consideration and
compares the results of children’s ability to synchronise with a variety of
musical stimuli. We therefore need to explore how they can do this, because
the children’s ability to synchronise to music is dependent not only on the
social context or familiarity with the kind of music they hear, but how their
brain actually processes the information that allows them to engage in the
activity in the first place. This is dependent on their temporal and rhythmic

processing ability.
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2.3 Temporal and Rhythmic Processing

Table 2.3.1 Five Temporal processing Principles (Drake & Bertrand 2003)"

Principle 1
Researchers have studied sensitivity to musical phrase endings as an
indicator of temporal segmentation to understand how people perceive
the ending of one auditory Gestalt and the beginning of the next
(Krumhansl, 2000; Krumhansl & Jusczyk, 1990). Bertrand (1999) studied
segmentation in 4- to 12- year-old children with and without musical
training. Results showed that children as young as four years old
segmented tonal sequences according to musical elements, such as pitch
change and pause duration. Participants also segmented an auditory
sequence after a longer note, a pause, or a large pitch difference. Children
showed a small improvement with age and musical training, but their
progress may be due to possessing better skills related to the task, such as
improved ability to sustain attention.

Principle 2
The second temporal processing principle states humans have a
predisposition towards regular sequences, meaning sequences with a
steady beat and tempo regularity. Humans do not encode precise
durations of individual sounds. Instead, they compare the duration of a
sound as it relates to other preceding sounds through relative processing.
Thus, auditory stimuli are coded as being the same or different and longer
or shorter than each other.
In a study investigating the effect of rhythmic regularity on temporal
processing, Drake and Gerard (1989) tested five- and seven-year-old
children using regular and irregular rhythmic reproduction tasks.
Participants showed non-significantly better performance at reproducing
regular rhythms than irregular ones. Drake, Jones, and Baruch (2000)
have also examined the effect of temporal regularity by examining
listeners’ ability to discriminate small differences in tempo and to
reproduce rhythms. Results indicated that four-year-old children could
detect small tempo changes during rhythmic sequences with a steady
beat, but showed difficulty during irregular sequences lacking a steady
pulse.

Principle 3
Humans actively seek regularity in temporal sequences (Drake &
Bertrand, 2003). Listeners show a predisposition toward finding a regular
beat or pulse in a given piece of music. Thus, the pulse serves as a
framework to organize the musical events in time. Children prefer simple
meters with beats that are isochronous, or have equal durations between
beats. Four- to six-year-old children can tap in synchrony with the
underlying beat of a piece of classical music which shows their ability to
detect and synchronize a movement to a musical pulse (Drake et al,
2000).

' This synopsis is adapted from The five principles of Drake and Bertrand found in The role of Music
Perception in Predicting Phonological awareness in Five - and Six-Year — Old Children. Lathroum.
LM (2011).
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Principle 4
Auditory temporal processing involves the rate at which temporal
information is processed (Drake & Bertrand, 2003). Humans, from birth
through adulthood, show maximum sensitivity to temporal changes when
beats are 600 ms apart (Baruch & Drake, 1997). The zone of optimal
processing for temporal information ranges from 300 to 800 ms inter-
onset interval (I0I), that is, adults show greater sensitivity to tempo
changes or temporal irregularities if beats are 300 to 800 ms apart (Drake
& Bertrand, 2003). Children between four and ten years of age showed
the same zone of optimal temporal processing, centered at 600 ms. When
compared to four- year-old children, ten-year-old children demonstrated
a wider range of sensitivity for beats occurring at a slower or faster rate
than every 600 ms. By age ten, children showed the same zone of optimal
processing as adults, ranging from 300 to 800 ms (Drake et al., 2000).
Principle 5

Auditory temporal processing principle revolves around the human
predisposition towards perceiving durations of sounds in simple ratios of
two to one (Drake & Bertrand, 2003). Listeners tend to perceive sounds
as being twice as long or twice as short as preceding sounds (Clarke,
1987; Parncutt, 1994). This principle leads to binary ratios being more
predominant than ternary or more complex ratios. Five-year- old children
show the ability to discriminate and reproduce short rhythms based on
2:1 ratios, but not 3:1 ratios (Drake, 1993a; 1993b). When asked to
reproduce rhythms with complex ratios, five- and seven-year-old children
tend to make errors due to a tendency to simplify rhythms into 2:1 ratios
(Drake & Gerard, 1989).

By using the kind of songs and music that the children are familiar with
in music research trials Drake (2003) proposed that they would respond and
interact positively to the tasks. Tasks using real music and sounds can still
discriminate the important elements under scrutiny (Honing 2009) and once
again this can be traced back to early experiences. In the 1990 study
Krumhansl & Jusczyk had exposed twenty-four 4- and 6-month-old infants to
natural and unnatural musical excerpts taken from 16 Mozart minuets (i.e.,
excerpts with pauses inserted at the end and in the middle of a musical phrase,
respectively), and measured their attentive listening for each type of excerpt.
As it occurs with speech (see Jusczyk et al., 1992), infants in their study
attended significantly longer to naturally segmented than to unnaturally
segmented excerpts of music. This is consistent with Drake’s second
principle, as is the need for the human being to search for regularity and

rhythmic structures that she explores in the third principle.

Thaut (2005) suggests that it is rhythmic grouping that can best

express musical ‘syntax’. The rhythmic and metrical features within the
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music rather than the melodic content seem to underlie the ability to predict,
process and remember musical events.
“ Rhythm, in the narrower sense, refers to explicit divisions of time or space
into intervallic time systems, recurrent and often (but not always)
characterised by periodicity. Components of musical time divisions such as
pulses, beats and meter systems are relevant in this understanding of

rhythm” Thaut 2005 - pg 4.

The tempo, or pulse rate, and the duration of the beats within the pulse
rate are inextricably linked. In order to establish a tempo, or pulse rate, you
need to be able to process the length or duration of each beat. A fast tempo
will have a shorter inter-onset interval (IOI) between beats, and a slow tempo
will have longer IOI’s. A sense of rhythm not only includes the concepts of
pulse rate and duration, but how the pulse rate is divided into subdivisions
that provide a structure for making sense of the music — the ‘meter’

Rhythmic patterns are much more easily processed when they exhibit
meter, that is the music is subdivided into smaller rhythmic units by placing
accents on specific beats. For example, a waltz has a meter in which the basic
beat is divided into units of three, in contrast to a march, where the basic beat
is divided into units of two. These units then provide a form of structural
building blocks which allow for “better perceptual gestalts to emerge”
(Thaut 2005 pg 5).

In Table 2.3.2 London (2012) shows that the most significant factor in
predictive qualities of music is not the groupings described by Lerdahl and
Jackendoff but the meter, because it creates a continuous cycle of beats,
whereas, theoretically, the groupings need not be continuous, and therefore

are less effective in organizing the child’s musical perception.
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Table 2.3.2 Grouping and Metrical structures — London 2012 pg 6

Meter Grouping
Endogenous Beats Phenomenal Durations/[Ols
Beats organized into cyclical and stable | Durations/IOls organized into groups which

measures; pattern repeats exactly and consistently

may or may repeat

Measures are continuous; no gaps within a
measure

Groups are continuous; no gaps within a
group

Measures are contiguous; no gaps between
measures

Groups need not be contiguous; often gaps
between groups

Measures involve at least two beats to establish a
repeating cycle

A group may consist of a single duration or
onset.

Metrical Accent stems from the listener’s sense
of the beat cycle and where it repeats

Grouping/rthythmic Accent stems from the
physical properties of the sounds

Metrical Accent always at the head of a metrical
cycle

Grouping Accent may occur anywhere within
the group

Meter is strongly predictive

Grouping is weakly predictive

According to London 2012:-

“meter is a product of our dynamic interaction with patterns of sound events

in the world; as such, it is best understood as a form of ‘entrainment’, our

ability to synchronize a periodic aspect of our attention and/or behavior

with rhythms present in the environment.” pg 5.

‘Entrainment’ or beat induction can be seen as a fundamental cognitive

skill that is needed for the musical performance and listening (e.g., Patel, 2008;

Honing, 2012). Entrainment refers not only to an ability to extract the main

accents and stress in music and speech, but also to an ability to maintain a

perception of pulse for future use. In affect we can hear a pulse in a rhythmic

pattern while it might not even be explicitly there.

In speech the pulse or

accents might become quite ambiguous at times, but the brain can still assemble

them with reference to the entrained beat, thus allowing the listener to predict

and react to what will come next. The temporal organisation of the beats

establishes order and, therefore, builds relationships in the perceptual process

(Cross 2009) and this allows us to be able to synchronise body movements to a

beat and engage in musical activities such as singing or dancing with others.

This requires the human brain to process and respond to any changes in the

pulse rate of the activity to maintain synchronisation.

The brain needs to

‘entrain’ to both a fixed and changing pulse rate.
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The ability to entrain to a beat is not only a product of listening to
music within the social environment. Neither is it simply a matter of detecting
a pulse rate and being able to tap or dance along to it. Entrainment allows us
to make judgments about a continuous stream of beats, and see that some
might be different — longer or shorter, louder or softer, or indeed if some are
missing (Drake & Botte, 1993; Friberg & Sundberg, 1995; Repp, 2001). In
other words, it allows us to detect both the meter and pulse within a stream of
beats or notes even when some are not isochronous'” This ability seems to be
rooted in our biological functions that link listening to motor activity — the
key areas of music making (Chen, Penhune, & Zatorre, 2008; Grahn & Brett,
2007; Zatorre, Chen & Penhune, 2007), and it therefore can be considered to
be a fundamental cognitive mechanism that might well have contributed to

the origins of music (Honing, 2011a; Honing et al., 2009).

2.3.1 The development of temporal processing in infancy and the
pre-school child.

Recent empirical studies show that the ability to perceive beats is
already active in newborns and young infants (Winkler & Honing et al., 2009;
Zentner and Eerola, 2010) and then further modified within the social setting.
In research by Honing (2009) sleeping new-borns were presented with 300
trials of a stimuli based on a rhythmic rock pattern in an ERP'? experiment.
The infants were able to differentiate between the trials that were on the beat,
and also where there were variations of pulse. The new-borns’ responses
were very similar to adults, and showed that beat perception is in place at
birth.

The work of Trehub and others have shown that young infants are
sensitive to thythm and can perceive differences in rhythmic patterns (Chang
& Trehub, 1977; Demany, McKenzie, & Vurpillot, 1977, Hannon, 2008) and
this would also suggest that the necessary functions for perceiving a steady
beat are in place, indeed Trehub suggests that most musical skills that are

evident in infancy, well before they have obvious utility, can be considered

12 .. . . .
A sequence of events is isochronous if the events occur regularly, or at equal time intervals.
13 . . . . .
ERP = Event-related potential, an electrophysiological response to an internal or external stimulus.
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2.3.2

‘predispositions for later musical perceptions’ (2006, pg 3) such as beat
perception and sensitivity to metrical groupings.

The infant’s ability to process beats as a cognitive function is then
further enhanced by their cultural experiences, transferred to the child by their
parents and carers. This idea is supported by findings of multisensory
interactions between movement and auditory rhythm in infants and adults.
Specifically, when infants are bounced to an ambiguous rhythm (i.e. a rhythm
without accents) in either a ‘march’ pattern (bounced on every second beat) or
a ‘waltz’ pattern (bounced on every third beat), they show a subsequent
preference for an auditory alone version of the rhythm with accents that
match how they were bounced (i.e. every second or every third beat), even
though they all heard the same ambiguous rhythm during the bouncing
(Phillips-Silver and Trainor, 2005 & 2007). However, considerable cultural
diversity characterizes temporal interval relations in music, with some
cultures dividing time intervals into, for example, 11 beats. Those children
and adults who have been raised to listen to Western music have considerable
difficulty encoding rhythmic patterns from outside their culture. For example,
Bulgarian and Macedonian adults exposed to Balkan music, which contains
ratios consistent with both isochronous (i.e. 2:1 and 1:1) and non-isochronous
(i.e. 3:2) meters, are equally good at detecting disruptions to isochronous and
non-isochronous meters, whereas adults from North America only succeed

with isochronous meters (Hannon and Trehub, 2005: Hannon 2012).

Synchronisation and entrainment to a musical stimuli

An isochronous piece of Western music has regularity and predictability,
but within the milieu there has developed considerable complexity. Fully
orchestrated music, with many complex interweaving rhythms and melody lines
can still be rhythmically very “tight’ or highly synchronised to the pulse rate and

very young children are able to entrain to these complicated aural stimuli.

In a study concerning preferential tapping rates and synchronisation at
different ages by Drake et al (2000) children between the ages of 4 and 10 and
adults were given a series of tapping tasks one of which was to tap along to the

first 30 bars of ‘Bolero’ by Ravel. These bars (measures) are in a strict 3/4
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rhythm, but with a complex underlying metric division provided by the
continuous syncopated drum rhythm played on the side drum (there is a much
stronger accent on the third beat than would be normally expected). Itis a
measure of a side drummer’s prowess to keep the core rhythm going for nearly
15 minutes. It is generally played at between 60 to 70 quarter note (crotchet)
beats per minute. This corresponds to rates of between 1000ms and 860ms IOI,
which the children, and indeed adults, normally find difficulty in tapping to.
This particular piece of music is orchestrated to emphasise the accents at the

continuous slower rate. ~ The piece was chosen by the researchers because:-

“the multiple hierarchical time levels are redundantly marked in the acoustic
structure by changes in intensity, relative timing, frequency, and timbre, and
thus combined intensity and rhythmic cues co-vary systematically with the level

in the time hierarchy.” pg 264.

Figure 2.3.1 Core Rhythmic side-drum pattern in Ravel’s Bolero

Basic beat ‘ 5 J
In quarter notesw o

Side drum
accents Percussion
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Bolero rhythm

Surprisingly the 4 - year - old children in the trials were able to tap along
fairly accurately to this complex slow rhythmic music. There were no
differences between the children aged between 4 and 10 year-old and adult
response, irrespective of musical training. The various cohorts actually
performed less well in another task where they had to tap along to an
isochronous drumbeat with a strong metrical stress, again in triple time. The
researchers speculated that young children have the capacity to tap along to
complex (real) music because they are familiar with this kind of stimuli rather

than with the musically ‘decontextualized’ sounds found in most tapping tests
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that used computer generated tones. In line with the conclusions found in the
Drake study I found that children also tapped with increased accuracy at the
slower rates when they drummed to music. Both the results from the Drake
study (2000) and those reported in this thesis suggest that a musical stimulus
does give increased power to the children’s ability to entrain at most rates, even
the slowest, if the metre is strongly emphasised as suggested by the ‘dynamic

attending theory (Jones and Boltz 1989, Large and Jones 1999, Repp, 2002c¢).

A long tradition of research exists on synchronization with simple
metronome beats (e.g., Dunlap 1910; Fraisse et al. 1958; Woodrow 1932), but
this research does not necessarily transfer to research where the participant
needs to synchronise with a musical stimuli. The concept of a very regular
and unchanging pulse rate in performed music is a relatively new
phenomenon. It probably came about with the development of relatively
affordable synthesisers and computer based music in the 1970’s.'* With this
kind of technology one could programme into the computer a mathematically
formulated pulse beat, set at whatever speed you wanted. In live music
performances there is always considerable flexibility in beat accuracy,
sometimes deliberate, and sometimes not but the brain is able to take into
consideration fluctuations of pulse, and synchronise with others — it has an

‘error correction mechanism’ built in (Bispham 2006; Clayton 2012).

In Figure 2.3.2 we see a visual representation of a performance by
Indian musicians — one playing the harmonium and the other singing.
(Clayton 2012)

If the performance had been replicated by a computer programme it
would be possible to make sure that both were exactly synchronized or in
phase with each other. The real life situation is different. They are still
connected, but slightly out of ‘phase’. ‘b’ is a figurative representation of the
way that one musician slightly anticipates the other, and ‘c’ shows this in
terms of a circular statistical diagram with the arrow pointing slightly before

the 0° line. (0 degrees is the point of perfect synchronization)

' Switched-On Bach was a musical album by Wendy Carlos and Benjamin Folkmann released in
1968. It played a key role in popularizing classical music performed on electronic synthesizers, which
had until then been relegated to experimental and "pop" music. This fostered a significant increase in
interest in electronically rendered music in general, and the Moog synthesizer in particular.
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(See Chapter 7 for full details of the circular statistical analysis)

Figure 2.3.2 A statistical analysis (both linear and circular) of a

performance showing deviation and entrainment to a bea. (Clayton 2012).
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The capacity to find a regular beat even when it is not always accurately
presented in music is quite a sophisticated concept, but it is very common in
all forms of music. Pulse rates can speed up or slow down according to the
emotional context, sometimes by very small amounts. This phenomena is
well reported in studies with adults (Large 2008: Large et al 2002) but I found
that even children as young as 8 years- old children could distinguish when a
regular rhythm is interrupted by a very small amount (Huss and Verney et al
2011).

This of course requires the children or participant in the musical
activity to be aware of a fixed isochronous beat. Once this is established the
more accomplished musicians is perceived to be able to refer to this fixed
pulse rate and change speed with reference to the original pulse — in other
words they keep the pulse rate in mind and then deviate from it, knowing they
can return to the original at will (Large and Palmer 2002; Madison and
Merker 2002). Once regularity is perceived, the brain can tolerate small
temporal perturbations. This same tendency is found in speech rhythms which
are never isochronous, even though across languages there is generally a
regularity; stressed syllables occuring on average every 500 ms, (Cutler,
2005; Arvaniti, 2009).

If a child or an adult can truly entrain to a beat then theoretically they
should be able to maintain a sense of pulse after the music stops, and have a
mental representation of an on-going beat that continues without the music or
metronome stimuli. A rhythmic piece of music with strong metrical accents
should provide the listener with a greater chance of on-going entrainment.
However in the research for this PhD I found that the young children found
maintaining a beat after the music had stopped was very difficult whether the
stimuli was tapping to a metronome or to a piece of strongly metrical music.
Whereas older normally developing children might improve with more
experience the difficulty carries on in children with dyslexia (Thomson,
2008). In her research 48 10-year-old children (25 dyslexic and 23 typically

developing) were given rhythmic metronome tasks at three rates (400ms,

" In the test used in this study children had to say whether two rhythmic excerpts were the same or
different. The musical excerpts were simply a two bar rthythm pitched to G using a simulated chime
bar sound played at a pulse rate of 500ms. The differences between the two pieces were simply that
one accented beat was made either 100 or 166 milliseconds longer on the second hearing.
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500ms and 666ms). The tasks were in two conditions. The first was a beat
alignment task with a metronome (the ‘paced’ condition), where the children
simply tapped along to the sound of the beats. A second task was also given
to the children where they had to continue tapping after the metronome had
stopped (‘the “‘unpaced’ condition). The children found this second task very
difficult. However, despite the complexity of the tasks the results were
predictive of individual differences in phonological development, oral
language development and reading development between normally
developing children and the dyslexic cohort — the dyslexic children found
tapping to the beat more difficult than the typically developing child.

When researching how accurate a child or adult can entrain to a musical
beat the most widely used method is to measure how accurately they can tap
or drum along to a piece of music or reproduce a rhythmic task, either by
tapping along to a metronome or reproducing a pattern by clapping or
drumming. However the longitudinal study of Rainbow (1981) noted that 3
to 4 year-old children were more rhythmically accurate when vocally
chanting along to a rhythmic phrase than when asked to clap or step along to
the rhythm. We therefore have to be circumspect when looking at the results
of all rthythmic accuracy tests for differing age groups because the tasks and
the expected outcomes in the research varies. A metronome task without any
metrical emphasis will generally elicit a very different response from a task
that requires the child to tap or march along to a piece of music or a song. A
child’s ability to entrain to a beat at the age of 4 or 5 is still developing and
they find some tasks easier than others. Serafine (1988) in her analysis of the
developmental process maintained that the child’s first understanding of
music was within an on-going, temporal context, rather than the perception of
the physical entities of sounds (or silences).

“the principle characteristic of music is movement in time:- the exploration
of simultaneous and successive events that embody points of arrival and
stasis, points of departure and continuation, and a train of event to event

similarities and transformation”. pg 69.

Serafine gave tasks to 168 participants divided into age groups. None

of the tasks required formal musical training and participants with musical
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training performed no better than those without training. The children were
asked to find phrase boundaries in a 4 bar piece of music, where the melodic
contour, harmony and rhythmic pattern suggested a new idea at the beginning
the 3" bar. The five year-old children were more successful at this task than
in the other tasks where they had to note repetition and changing patterns
within the music. By the age of 10 and 11 the children found all the tasks
easy. Serafine therefore concluded that music cognition

“results from normal cognitive growth and everyday experience with music,

and not from learning in a narrow sense”.

Culture-specific metrical knowledge develops throughout childhood.
For example, studies of synchronized and spontaneous rhythmic tapping
suggest that this ability improves and expands to slower tempos from
toddlerhood through adulthood (McAuley, 2006, Bobin Begue, 2003). The
first large-scale study of rhythmic entrainment in children was carried out by
McAuley and colleagues in 2006. They studied tapping to a metronome beat
in a cohort of 305 participants aged from 4 years to 95 years. Entrainment
within the region of greatest pulse salience (60 — 150 bpm, or 1000 — 400 ms)
was remarkably consistent in childhood, with temporal accuracy of tapping
falling within 50 ms of the target rate on average between ages 4 — 12 years.
Entrainment accuracy at the slowest rates (1000 ms and higher) was markedly
poorer in the youngest children (age 4 — 5 years, for example this age group
was almost 200 ms out of time on average when tapping to an 800 ms rate),
but improved quickly at these slower rates (e.g., to around 50 ms for the 800
ms rate by age 6 to 7 years).

In the group of participants (n 192) children I tested for this PhD I
found that the 4 to 5—year-old children found tapping to an IOI'® of 1000ms
considerably more difficult than the faster IOI of 400 and 500ms. This could
be because they acquire system-specific knowledge through ever increasing
exposure to the music they hear.

Moelants (2002) collected data from 74042 pieces of music in a dance

' 101 - Inter- Onset Interval of 1000ms = 1 beat per second = 60 bpm (beat per minute)
ISI — Interstimulus Interval is often substituted — and is fundamentally the same thing.
IRI — Inter response Intervals — same thing
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style and discovered they were all within a very narrow tempo range, but
focused particularly on 120bpm (IOI 0f 500ms). In his research he found that
this corresponded to the preferred spontaneous tapping speed and also of a
preferred walking speed. The research of McCauley (2006) on the variations
of beat perception over a lifespan focused on tapping along to metronome
beats, but without the advantage of computer aided technology earlier
research focused on more child-centered activities that links more closely
with the research of Moellants. In 1929 in a small scale study (n 29) Hulson
(reported in Loong’ 2000) found that the children matched their walking to
music at a speed of 132 bpm and found that there was a high correspondence
between children’s ability to clap in time to music with their ability to walk or
march in time. The corollary of this was reported in a study by Walters (1983)
with 96 children. This study reported that a child will:-

“experience greater difficulty synchronizing with music as that music

diverges in tempo from his/her personal walking tempo”. pg 85.

Vaughan’s multi cultural study with children from Canada, England,
Denmark , Columbia and Argentina (1981) found that all the children in the
Kindergarten age range walked most accurately to a beat of 118.6 bpm. She
asked the child to sing a previously taught song and then walk for 30 metres
maintaining the pulse rate that they had just sung. Vaughan suggested that if
a music educator

“starts with a tempo dictated by the children’s own behavior then their

ability to respond will increase dramatically” pg 99.

These studies have focused on synchronization and entrainment to
musical beats.  Other studies, particularly those looking for perceptual skills
in both music and language, have looked at the child’s ability to copy
rhythmic fragments (Moritz 2007; Overy 2003).

In the field of pure musical perception citing the work of Zenatti
(1976), Hargreaves (1986) reported that when four- and five-year-olds were
asked to tap back the rhythms on 2-, 3-, or 4-note rhythm pattern samples in
two trials, there was a marked improvement at the age of 4.8. Up to 4.8,

children “who failed in the first trial showed significant improvement after
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observing the experimenter tap the rhythm a second time. By the age of 4.9,
however, 70 % of the first attempts were successful (p. 81). This difference in
success rates in rhythm copying between 4 and almost-5 year olds may be
partially due to 4-year-olds’ difficulty in restraining the rapidity of their
responses. Pouthas (1996) found that “certain 4.5 - year-olds are unable to
refrain from responding too quickly. “Their inter-response intervals are very
short” pg 132.

Drake (1993) found that the success of five-year-olds in copying short
rhythm patterns greatly depended on whether the test pattern was binary or
included ternary groups (i.e., patterns in which some of the notes were in
groups of two versus three). Approximately 90% of the subjects could
accurately copy simple binary patterns, but were only successful in copying
about 20% of simple ternary patterns. They were successful on approximately
25% of complex binary patterns, and this dropped to approximately 15% of
complex ternary patterns. Because the young subjects often respond without
regard for the tempo in such tests, which often have fewer than 8 beats, they
cannot give insight into rhythmic accuracy in terms of alignment to a beat or

pulse and so this task was excluded from this PhD study.

2.3.3 Implications for the research paradigm

This resume of temporal processing shows that we would expect to see
in normally developing 4 to 5 year-old children rhythmic skills that are well
developed and becoming increasingly adaptable to take into account the
variability of pulse that occurs when performing with others (Kirshner and
Tomosello 2009). In their study of rhythmic entrainment via drumming in
children aged 2.5, 3.5 and 4.5 years of age they demonstrated relatively
accurate performance by these very young children (Kirschner & Tomasello,
2009). The children were required to synchronise their drumming with an
external rate of either 400 ms or 600 ms. Children at all ages were within a
median temporal accuracy of below 40 ms at the 400 ms rate, and below 50
ms for the 600 ms rate. Although language skills were not measured, children
at all ages showed significantly more accurate entrainment when drumming
with a social partner (drumming along with the experimenter rather than with

a drum machine).
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Most fundamental motor patterns are in place by the age of 5, setting
the stage for increased musical motor abilities (Loong & Lineburgh, 2000)
and so by this age we can track accuracy of the child’s rhythmic perception,
but even at this age some of these abilities are still rudimentary in nature and
are often inconsistently demonstrated. However rhythmic matching, and beat
alignment are generally performed much more accurately than pitch matching
(Miyamoto, 2007).

Children perceive musical sounds as relative to each other in terms of
sound duration. Sounds are interpreted in a temporal context when they are
organized around a steady beat and demonstrate tempo regularity. This
regularity is perceived most efficiently when the music is accented into
continuous metrical units.

Research is now finding that a child’s ability to perceive rhythm and
rhythmic changes in music, and to be able to sing and drum in
synchronization, and entrain to a either a fixed or slightly ambiguous beat
pattern is a valid starting point to see connections between rhythmic
awareness in music and how the brain processes language acquisition skills.
This research seeks to explore the possibilities that there is a biological
preference for a specific speed of rhythmic processing in music that is also in
place in phonological processing of syllables and rhymes.

If the psychologists and neuroscientists are correct both these skills are
generated in similar parts of the brain and are interdependent because both

rely on auditory temporal processing skills.
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2.4 Parallel Auditory processing in Music and Language

“There is so much music in the world that it is reasonable to suppose that
music, like language and possibly religion, is a species-typical trait of man.
Essential physiological and cognitive processes that generate musical
composition and performance may even be genetically inherited, and

therefore present in almost every human being” Blacking 1973 - pg 7

Such statements as this from the ethnomusicologist Blacking (1973)
raised the question as to whether music, as well as language is an integral part
of our evolutionary DNA. We now have neuro-scientific research that shows
that they are indeed connected, whether from the results of adaptive'’
evolutionary behaviour or perhaps in the sense of exaptive '® behaviour. The
concept that music is an evolutionary adaptive trait has been investigated and
considered to the present day (Honing 2012). Honing proposes

“that the combination of psychological, medical, physiological, genetic,
phylogenetic"’, hunter—gatherer, and cross-cultural evidence indicates that
musicality is a cognitive adaptation” (abstract)

and is an important part of
human evolution and behaviour. Even in the 19® century philosophers and
scientists argued that music and language might be inter-dependent. As early
as 1858 Spencer argued that music originated in the prosodic features of
emotional speech whereas Darwin (1871) argued that music actually preceded
language and provided the basis for “impassioned speech”.

To some music might appear to be of little use despite its constant
evolution. Darwin stated that:- Neither the perception nor the production of
music were ‘‘faculties of the least use to man’’ (Darwin, 1871- pg 878). “It
does not quell our hunger, nor do we live a day longer because of'it”. More

recently others have echoed Darwin’s views that music is merely an

' In behavioural ecology an adaptive behaviour is a behaviour which contributes directly or indirectly

to an individual's survival or reproductive success and is thus subject to the forces of natural selection.
(Starr and Taggart, 2004)

8 Exaptation refers to shifts in the function of a trait during evolution. For example, a trait can evolve
because it served one particular function, but subsequently it may come to serve another. Exaptations
are common in both anatomy and behaviour. Bird feathers are a classic example: initially these may
have evolved for temperature regulation, but later were adapted for flight.

19 Phylogenetics is the study of evolutionary relationships among groups of species and populations.
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“auditory cheesecake” (Pinker 1999) and that it is
“a pure pleasure technology, a cocktail of recreational drugs that we ingest

through the ear to stimulate a mass of pleasure circuits at once”.

Although this latter viewpoint is not generally supported (Cross, 1999;
Bipham, 2006a) it is not, perhaps, unknown in the general public, or indeed in
Government offices that regulate the curriculum in English schools. It is,
therefore, important to ensure that the opinion that music is merely a
pleasurable activity that has no relevance within a school curriculum is
challenged very strongly. Music, particularly with children, can be a means of
beneficial play (Honing, 2011a) and can strengthen group cohesion (Cross,
2007: Kirschner and Tomosello, 2009) as well as enhancing and enabling

other areas of the curriculum.

Researchers have found that the oldest parts of the brain (in
evolutionary terms) are used in the detection of rhythmic activity that is
needed not only for motor skills but also for the detection of rhythm in both
music and language. Studies confirm that the basal ganglia® is crucial for the
detection of regular beats (Grahn, 2007) and in 2011 Strait and Kraus
concluded that relationships between music and speech processing are
specifically driven by performance on a musical rhythm task, underscoring
the importance of rthythmic regularity for both language and music. Their data
indicated that common brain mechanisms underlying reading and music
abilities were found in the ‘brainstem’ ' They conclude, therefore, that there
are biological underpinnings for music and reading. They go further to
suggest that music should be used to promote child literacy and help
remediation programmes.

During recent years, a number of other studies have shown that
processing of both musical and linguistic syntax relies on overlapping

cognitive resources some of which are located in overlapping brain areas

2% Because the basal ganglia are found in the forebrains of all modern vertebrates, they most likely date
to the common evolutionary ancestor of the vertebrates, more than 500 million years ago.

*! The brain stem is the oldest and smallest region in the evolving human brain. It evolved hundreds of
millions of years ago and is more like the entire brain of present-day reptiles. For this reason, it is often
called the 'reptilian brain'. Various clumps of cells in the brain stem determine the brain's general level
of alertness and regulate the vegetative processes of the body such as breathing and heartbeat.
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(Koelsch, 2005; Patel, 2003). Moreover, substantial evidence underlines the
importance of a sophisticated processing of prosody (i.e., the ‘‘musical’’
features of speech) for the acquisition of language (Jusczyk, 2002; Jusczyk et
al., 1992; Krumhansl & Jusczyk, 1990; Fernald, 1989). Several studies have

reported a relationship between musical and prosodic abilities (Magne,
Schon, & Besson, 2006; Schon, Magne, & Besson, 2004), as well as between
musical and phonological abilities (Wong, Skoe, Russo, Dees, & Kraus,
2007; Anvari, Trainor, Woodside, & Levy, 2002).

An interesting study to investigate music processing in children with
Specific Language Impairment (SLI) sheds light on the possibility that music
and language share integrated neural resources (Jentschke et al, 2008). The
SLI children have linguistic difficulties in the absence of possible explanatory
factors that usually accompany language impairment.  The research team
hypothesized that children with SLI would also have difficulties in the
processing of musical syntax. Their research with 21 SLI children aged 5
years old asked the children to differentiate between a series of chords. The

*22 chord, or one that

last chord in the sequence was either an expected ‘tonic
was unexpected in accordance with the western musical traditions. The
difficulties associated with SLI were mirrored exactly in the children’s
inability to process the musical violations. The research team concluded
therefore that there were shared neural resources common to both music and
language which are related in the processing and storing of ordered sequences
that are organized “according to surface and regularities and underlying
structures”. This is directly in line with the view that music and speech are
intimately connected in early life (Trehub, 2003), and that music paves the
way to linguistic capacities (Papou’sek, 1996; Fernald, 1989).

They concluded, as does Kraus and colleagues that it seems possible
that music perception might implicitly train parts of the language network,
and thus, be an important contribution to the treatment of children who find
difficulties in decoding linguistic properties, specifically with SLI in this

research.

Another working hypothesis that supports joint neural networking is

2 The “tonic’ chord is the chord that is built around the Key note of a scale. The vast majority of
Western music will end on such a chord, especially in popular music.
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proposed by Patel (2011). He reviews the current literature, with particular
reference to neuro-scientific research and has then developed his ‘OPERA’
hypothesis that seeks to bring all the current theories into one framework

(Figure 2.4.1).

Figure 2.4.1 The OPERA Hypothesis (Patel 2011)

The “OPERA” hypothesis proposes that such benefits are driven by adaptive
plasticity in speech-processing networks, and that this plasticity occurs
when five conditions are met. These are:

(1) Overlap: there is anatomical overlap in the brain networks that process
an acoustic feature used in both music and speech (e.g, waveform
periodicity, amplitude envelope),

(2) Precision: music places higher demands on these shared networks than
does speech, in terms of the precision of processing,

(3) Emotion: the musical activities that engage this network elicit strong
positive emotion,

(4) Repetition: the musical activities that engage this network are frequently
repeated, and

(5) Attention: the musical activities that engage this network are associated
with focused attention.

According to the OPERA hypothesis, when these conditions are met
neural plasticity drives the networks in question to function with higher
precision than needed for ordinary speech communication. Yet since speech

shares these networks with music, speech processing benefits.

From looking at this research one can conclude that language and music
are two capacities with a mutual evolutionary history, and if they share the

same neural networks then it can be argued that they are inter-dependent.

“the musilanguage stage in evolution. . .was neither linguistic nor musical
but . . . embodied the shared features of modern day music and language, so
that evolutionary divergence led to the formation of two distinct and
specialized functions with retention of the shared features conferred onto

them by the joint precursor....” Brown 2001- pg 277
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2.4.1 The interaction of Music and Phonological Skills

At a very simple level it is easy to see that children’s music perception
and phonological awareness are related, in that both processes are based on
aural perception and manipulation of auditory stimuli (Anvari, Trainor,
Woodside, & Levy, 2002; Besson and Schon 2001, 2003; Patel, 2008, Strait,
2011).

The cognitive processes involved in musical activity and reading
acquisition overlap in that both require abilities to perceive the order of
sounds and to segment longer sound sequences into smaller units.
Segmentation of the speech stream is necessary for the development of
phonological awareness, an essential skill for decoding and eventual
comprehension of written words both singly and in connected text. Music
perception involves processing a stream of auditory stimuli marked by
rhythmic time intervals and pitch/tonal variation. The ability to detect the
rhythm or periodicity with which strong and weak beats recur is central to the
sequential organisation of sounds in both domains. This is referred to as meter
in music and as syllable stress in speech. In music the place and role of
different notes in the overall sequential pattern are important, with both
rhythm and pitch acting as “musical syntax” (Thaut, 2005). This is analogous
to prosodic structure in language, which has been described as a
“phonological grammar” (Port, 2003). Both rhythm and pitch contribute to
the perception of speech prosody (Marie, 2009), and the position of syllables
and the stress and pitch contour placed on different syllables contribute to the
extent to which a language has easily defined prominences or accents
(Arvaniti, 2009).

As we have seen rhythm in music reflects at least two aspects of
temporal organisation, periodicity or metrical structure, and the patterning of
musical events into similarly structured groupings, or phrase structure. In
language, speech rhythm has a similar organisational role, reflecting syllable,
word and clausal boundaries. The important energy fluctuations in the speech
signal are rhythmic not in terms of being perfectly periodic or ‘isochronous’,
but in terms of the motor constraints inherent in producing syllables

(Chandrasekaran, 2009). For example, long and short syllables often follow
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each other, as do stressed and unstressed syllables. According to Cutler’s
“rhythmic segmentation hypothesis” (Cutler 1996), listeners adopt the unit of
metrical organisation prevalent in their language as a pre-lexical cue to word
boundaries (e.g., the foot in English, the syllable in French or Spanish, the
mora® in Japanese). Accurate metrical perception is therefore equally
important in phonological learning (for example, by enabling the accurate
segmentation of syllables and words from the speech stream (Echols, 1996)
as it is in rhythmic perception in music (Goswami 2011; Corriveau and

Goswami, 2009).

2.4.2 Auditory temporal processing

Auditory temporal processing involves the ability to perceive and
integrate auditory information that enters the central nervous system
sequentially over time (Tallal,1993; Tallal, 1997). The acoustic waveform of
speech is continuous, complex and characterized by rapid acoustic changes in
frequency and intensity. Within the auditory patterns contained in the stimuli
individual features can change within milliseconds of each other. Auditory
temporal processing requires the ability to process acoustic signals over time
and includes the “ordering, integration, and resolution of auditory signals”
(Tallal & Gaab, 2006). This process is involved in human perception of
auditory information, whether linguistic or non-linguistic. Consequently,
auditory temporal processing influences perception of all aspects of music,
speech, and general listening tasks. Children in particular must be able to
process auditory information at a rapid pace in order to develop appropriate
listening skills necessary for language, and to process non-linguistic sounds

(Boets, Wouters, van Wieringen & Ghesquiere, 2007).

2.4.3 Auditory Temporal Processing And Phonological Awareness

How the child is able to segment the speech stream rapidly into
components that allow conceptualisation of the components of their

phonological skills is a “complicated and dynamic process” (Tallal 2004). In

* Mora is a unit in phonology that determines syllable weight which in some languages, especially
Japanese determines stress or timing. Clark et al (2007).
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a spoken sentence or phrase there are likely to be no boundaries that segment
the on-going speech stream into distinct phonemes or syllables. For a child to
be able to differentiate between the syllables /ba/ and /da/, the only cue that
occurs is within the initial 40-millisecond of the formation of the sound.
When viewing a waveform such as that in figure 2.4.2 you can see clearly
that the beginning of the sounds ‘la’ and ‘ba’ is different. In the first there is
a slow rise in the waveform, and in ‘ba’ this is much more rapid. These
differences are referred to as the ‘rise time’ within the acoustic signal.
Before even these cues are identified the brain must segment the on-going
acoustic waveform of speech into chunks of time in which acoustic patterns
occur frequently and consistently. Consistencies in the speech waveform can
occur in ‘chunks’ of various durations. Chunking in tens of milliseconds time
might allow the fine grain analysis within the child’s brain to represent the
acoustic differences between phonemes such as /b/ and /d/. Chunking over
longer periods of time (hundreds of milliseconds) will result in patterns that
could differentiate between syllables or word-length representations.
Studies show that the auditory cortex, which is responsible for mapping these
rapid changes, is shaped early in life, and the child responds to the regularity
of hearing all the various cues in speech (and indeed in music) that enables
differentiation of the various components of the speech stream. The child
will hear the cues and then ‘compute’ the statistical probability of their

occurrence to develop the meaning of the words (Saffran, 1999; 2003). **
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** Figure 2.4.2 shows a visual representation of the waveform ‘amplitude beats’ created by two
syllables. The waveforms were created by careful manipulation of sine waves (see pg 5 Corriveau and
Goswami (2009) for full description) and formed part of a ‘dinosaur’ game developed by Dorothy
Bishop - Oxford University (2001) that asked children to discriminate between bell-like sounds
commencing with long or short rise time.
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In natural speech, rise-time will incorporate changes in intensity,
duration, and fundamental frequency. If a syllable onsets rapidly, for
example, via a plosive (“ba”, “da”), rise time will be fast and the perceived
change in intensity will be relatively sharp. If a syllable onsets more slowly,
for example, via a sonorant (“la”, “wa”), rise-time will be extended in
duration and the perceived change in intensity will be more gentle (Figure
2.4.2).

For example, when chanting to a rhythm, participants use rise-time in
order to produce syllables at isochronous intervals (Scott, 1998). When you
try to do this you have to match the beat with the ‘perceptual centre’ of the
syllable. — the ‘p’ centre. This need not be at the onset of the syllable, but
might be slightly delayed. When a child chants * Twinkle Twinkle little star”
to a deliberate pulse, they need to begin saying a syllable that starts with a
longer onset, such as “twinkle / star / sky ”, earlier than a syllable that has a
shorter onset, such as “diamond”. Longer onsets before the vowel (e.g.,
“star”) move the P-centre temporally to the left on a spectrographic
representation of a waveform such as that shown in figure 2.4.3. In some
other nursery rhymes the ‘p’ centre would move to the right if the word has a
long ‘coda’ (e.g., “sick, sick, sick” — in Miss Polly has a Dolly) (Port, 2003).
One has to take these into consideration when analysing the accuracy of
children’s singing by looking at visual spectrographic representations of their

performances such as those shown in Figure 2.4.3.

Figure 2.4.3 shows that both the spectrographic representations of the
phrase ‘Polly had a dolly’ have a defined accented pattern, but in the sung
representation the strong/weak beats are more clearly defined. One can also
see the accurate timing of ‘Pol’ and ‘Dol’ against the pulse beat where the

‘p’ centres are close to the onset of the syllable.
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Figure 2.4.3 Representations of waveforms in a Nursery rhyme phrase in
music and speech. Both examples were recorded using ‘Audacity’ software by
the researcher with an 10l pulse rate of 500ms - John P. Verney

Pitch Contour Patterns

/

N

. v
Music Waveform }Oth recorded at Speech Waveform
101 500ms

The rise-time events drive the allocation of attention to speech
processing, possibly via the alignment of internal and external oscillatory
rhythms (Kotz and Schwartze. 2010). Kotz and Schwartze noted that their
theoretical framework had implications for both language development and
for the perception of music, since both need motor timing and motor
sequencing capacities. They also considered, like Honing, that temporal
processing was a phylogenetic development that evolved from “primitive
subcortical structures” and evolved to such an extent that it could alter
behaviour and impact on speech production.

Within a musical context where meter is established through strongly
accented notes, it will be much easier to discriminate the accents if they are
very percussive, in other words have a short rise time such as a beater hitting
a bell, than if they are longer — a bow starting a note on a violin. Figure 2.4.2

could easily be adapted to show this (Figure 2.4.4.)
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Goswami (2012) is in agreement with Kotz and Schwartze maintaining
that rise time is the critical auditory cue for rhythmic timing in language and
music, across languages from different rhythm classes, in both perception and
production (Vos & Rasch, 1981; Morton et al., 1976; Gordon, 1987;
Hoequist, 1983; Scott, 1998) and that individual differences in the severity of
the rise time impairment are strongly predictive of the degree of phonological
impairment, suggesting that accurate rise time perception is particularly
important for developing the high-quality phonological representations of

language required for the acquisition of literacy.

(ii) Temporal Sampling Theory

A theory that seeks to shed light on these difficulties with phonological
representations is the ‘temporal sampling theory’ (Goswami 2011). This
proposes that the difficulty that we see in children across the 1Q spectrum
who are unable to entrain to a rhythmic beat or notice small fluctuations of
rhythm (Huss & Verney 2011) is caused by a neural deficit in rhythmic
entrainment. The deficits in rhythmic entrainment are mirrored in deficits in
the ability of the child to notice changes in ‘rise- time’ at the onset of

syllables. This means that they do not process speech rhythm accurately and
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therefore they find it difficult to develop good phonological awareness skills
(Wood & Terrell, 1998; Goswami, 2011, Goswami et al., 2010; Huss et al.,
2011, Leong et al., 2011).

Goswami (2011) proposed that the cause of this deficit is brain-based,
and those who cannot identify these subtle changes in rhythm find it difficult
to extract different modulation frequencies in the speech envelope,
particularly in the low frequency modulations in the Delta (0.5 — 4 Hz) and
possibly also in the Theta (4 — 8 Hz) frequency bands.” These frequency
bands carry information about syllables and prosody (Hickok & Poeppel,
2007; Ghitza & Greenberg, 2009) and have been identified in brain-based
studies using EEG*® methodology.

Developmental inefficiencies in basic auditory processing might
therefore be expected to affect both language development and the
development of musical abilities.

Both rhythm and pitch contribute to the perception of speech prosody
(Marie et al., 2011), and the position of syllables and the stress and pitch
contour placed on different syllables contribute to the extent to which a
language has easily defined prominences or accents (Arvaniti, 2009). In the
prosodic structure of language (Cummins & Port, 1998; Port, 2003;
Goswami, 2011: Goswami, 2010) one can see that the position of syllables
and the stress placed on different syllables in the sequence of acoustic
patterning is a kind of prosodic or phonological “grammar” (Port, 2003) that

matches with the musical syntax defined by the accents in the musical phrase.

Research confirms that adults and children who have had intensive
music lessons are more likely to be sensitive to speech sounds than non-
musicians. In experiments by Gottfried et al., (2004), Delogu et al., (2006,
2010) and Lee and Hung, (2008) Elmer et al., (2011) it was found that

** Delta is the frequency range up to 4 Hz. It tends to be the highest in amplitude and the slowest
waves. It is seen normally in adults in slow wave sleep .1t is also seen normally in babies. Theta is the
frequency range from 4 Hz to 7 Hz. Theta is seen normally in young children.

*% Electroencephalography (EEG) is the recording of electrical activity along the scalp. EEG measures
voltage fluctuations resulting from ionic current flows within the neurons of the brain.
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musicians detected tone and segmental variations better than non-musicians.
Magne et al., (2007) and Marie et al., (2011) examined the influence of
musical expertise on vowel duration and metric processing in natural speech
(Magne et al., 2007; Marie et al., 2011). They used a specific time-stretching
algorithm (Pallone et al., 1999) to create an unexpected lengthening of the
penultimate syllable that disrupted the metric structure of words without
modifying timbre or frequency. Participants performed two tasks in separate
blocks of trials. In the metric task, they focused attention on the metric
structure of final words to decide whether they were correctly pronounced or
not. In the semantic task, they focused attention on the semantics of the
sentence to decide whether the final word was expected within the context or
not. In both tasks, musicians outperformed non-musicians. These results
seem to show that, compared to non-musicians, musicians are more sensitive
to the metric structure of words (Marie et al., 2011).

These results imply that, with years of musical practice, musicians have
developed an increased sensitivity to acoustic parameters that are important
for music, such as frequency and duration, and these might also help in their
sensitivity to the metrical structure of language (Strait 2011, Mussacchia,
2007). These studies are relevant and their results are generally in line with
the behavioural studies that showed there was a positive influence of musical
skills on phonological processing at a young age (Anvari, 2002, Overy 2003,
Moritz 2007; Forgeard, 2008), but we need to look more closely at studies
and theories that connect more directly to the young developing brain and are
not dependent on the advantages that might occur if children are given
increased musical opportunities that are not available in a general educational

setting.

One of the most obvious links is that we have a capacity to link music
and language through song — to highlight the natural rise and fall of our
language — the prosody — by linking it to specific tones. This is an activity in

which children and adults engage without any specific training.
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(iii) Music and Language are linked through ‘song”

Songs are created through the process of text-setting, in which the
prosodic features of speech are combined with a musical melody, uniting
their separate metrical structures and forming one rhythmic pattern (Halle and
Lerdahl, 1993). In the process of text-setting, song composers often align
linguistically strong syllables with musically strong beats (Kimball, 1996).
Since English is generally regarded as a stress-timed language we find that
this is particularly true in a corpus of English songs (Palmer and Kelly, 1992).
In other words, stressed syllables, or syllables that one would expect to be
stressed in speech (“strong” syllables), are more likely than unstressed

“weak”) syllables to occur on hierarchically prominent musical beats.

This alignment of strong syllables with musically strong beats is
thought to aid memorization and communication (Palmer and Kelly, 1992;
Gingold and Abravanel (1987)) — thus giving a reason why young children

learn some songs such as ‘Mickey Mouse’s House’ so easily (Figure 2.4.5).

Figure 2.4.5 Mickey Mouse’s house- strong and weak accents

_ Syncopated passage where the
> =Accents the accent is deliberately
moved from its normal

Mickey mouse's house| posiiion

/ John P. Verney
.4 X :

Mick - ey the mouse; Mick - ey the mouse; he /plays mus - ic all round the house.

> > > > > > > >
P’ A T T 1 I T 1 I T T i |
{o5—~ f N f =N f o) f o 7 —— o | f I — & 1|
A4 I} T I = I I I & r A - - | - r A & T I 1 i |
D) o L4 [ 4 [ 4 - - [ 4 =

Mick - ey the mouse; Mick - ey the mouse plays the mus - ic in - side his house.

S w w S S ww S S w S w w S w S

77



“Song is an ecological model for studying the complex relationship
between music and speech” (Gordon et al, 2011), and has been examined in
recent studies with cognitive neuroscience methods that have found
interactions between various aspects of the linguistic and musical dimensions
found in songs (Lidji et al., 2009; Gordon et al., 2010; Schon et al., 2010).
The Gordon study (2011) was designed to explore the idea that temporal
alignment helps listeners to better understand song lyrics by directing
listeners’ attention to instances where strong syllables occur on strong beats.
EEG recordings were taken while participants listened to the sung sentences
(primes) and performed a lexical decision task on subsequent words and
pseudowords (targets, presented visually). Overall, these findings suggest
that alignment of linguistic stress and musical meter in song enhances musical
beat tracking and comprehension of lyrics by synchronizing neural activity
with strong syllables. Moreover, the observations reported here coincide with
a growing number of studies reporting interactions between the linguistic and
musical dimensions of song, which are likely to stem from shared neural
resources for processing music and speech. Experiments with adults also
point to the efficacy of emphasizing both the linguistic (Wallace and Rubin,
1988; Wallace, 1994) and musical (Purnell-Webb and Speelman, 2008)
rhythm during song learning.

The stress and accented patterns are part of the prosodic structures in
language. Within the context of a phrase rather than a syllable there are also
repeated groupings; for example questions in English will generally end with
a rising contour. Prosody is a term used in linguistic theory that covers all
aspects of grouping, rhythm and prominence in spoken language, from sub-
parts of the syllable up through the organisation of words in the phrase
(Lehiste, 1970; Pierrehumbert, 2003). Many linguists propose that the units of
prosodic organisation are arranged into a hierarchical structure, so that, for
instance, syllables form feet (strong and weak syllables), feet form words, and
words form intonational phrases. Sensitivity to periodicity may provide a
basic temporal “skeleton” enabling neural entrainment and the encoding of
the syllable structure of speech (or the basic beat structure of music). The
development of processing mechanisms able to encode deviations from

isochrony (Honing 2011, Large, 2002) can then be scaffolded onto this basic
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periodic temporal framework. This scaffolding can be done through the
linking of music to language in a song.

A slight modification of the previous studies, suggesting shared neural
networks, is postulated by Peretz and Coultheart (2003). She suggests that
music and language are initially independent of each other and come together
when needed, specifically when the brain needs to join speech and music
together in song. She believes that the examination of individuals who were
neurologically intact prior to cerebral insult can reveal the degree to which a
given site of brain activity is responsible for specific cognitive functions
(Peretz, 1996; Peretz, & Zatorre, 2005; Peretz, et al 2004). Peretz's argument
begins by asserting the independence of music and language modules (Peretz
& Coltheart, 2003). Peretz's model of music function proposes a
hierarchical, modular organisation with different pathways for pitch, temporal
and musically-related phonological information through to higher functions

that govern music recognition and interpretation.

2.4.4 The Peretz and Coultheart Framework (2003)

The framework is a highly adaptable design and can be used to link
music and language processing in either domain and has relevance for
investigation into dual and integrated processing with both children and
adults. Welch (2005) adapted the design to explain processing in singing and
Goswami (2009; 2012) has modified it in her research that links rhythmic
timing in music and language with specific reference to children with specific

language impairments and dyslexia... (see figures 2.4.6. and 2.4.7.)
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Figure 2.4.6
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In the Peretz and Coltheart (2003) model, acoustic processing follows
two “streams”, a pitch organisation stream (impaired in amusia) and a
temporal organisation stream (preserved in amusia). The temporal
organisation stream includes rhythm analysis, meter analysis and tapping
skills. Investigations with brain damaged patients, who could in certain cases
remember lyrics to songs but not melodies and vice versa, helped Peretz and
Coltheart (2003) to formulate their developmental hypothesis that showed
that music processing might have a discreet modular organisation but had
inbuilt flexibility to change and be modified when needed. Their model of
music processing illustrates that at times, particularly in singing, the discrete
language and music boxes need to combine and interact. If you want to sing a
song then information about a melody that is stored in the ‘music lexicon’
will need to be paired with the lyrics stored in the phonological lexicon and
then ‘tightly integrated’ to produce a vocal output.

In a small-scale study, with only five adult participants (Anderson et al
2012), a professional singing teacher used a broad-brush intervention
approach to a group of participants diagnosed with congenital amusia. The
compensatory elements were designed to enhance vocal efficiency and health,
singing technique, musical understanding, pitch perception, and production.
Improvements were observed in most individuals in perception, indexed via
the Montreal Battery for the Evaluation of Amusia scale subtest and in the
vocal performance of familiar songs. The researchers concluded that because
these abilities were improved it was possible that congenital amusia may not
be entirely immune to environmental modification, and that some of the
musical difficulties arose because of a lack of musical stimulation in early
childhood.

Peretz and Coltheart tested their framework using tasks very similar to
those that test a child’s interaction with musical structure such as contour,
interval, scale, rhythm, metre and memory. For example, Dalla Bella and
Peretz (2003) compared the reactions of a group of 8 adults with “congenital
amusia” and a control group of 9 unimpaired adults who were asked to tap in
time with various musical scores and simple bursts of sound (the
synchronisation of tapping was measured by the millisecond). The amusic

participants scored considerably less well than the control group in the
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musical task, but there were no significant differences when reacting to the
sound bursts. Peretz and Coltheart concluded that the processing of the
auditory stimuli was different in music to general sound, and so music
perception had to be regarded as a distinct modular skill. Peretz and
Coltheart’s modular framework suggests that mechanisms supporting pitch
organisation versus rhythm organisation may contribute to music versus
language respectively. The ‘temporal organisation stream’ is intimately linked
to the development of the phonological lexicon (Goswami 2012) because in
music and language, the key perceptual mechanisms are auditory.

Prior research has suggested that dyslexic’ speech sound segmentation
problems are due to temporal difficulties in processing rapidly presented
auditory stimuli caused by a non-speech rapid temporal processing deficit
(Tallal, 1993). In recent years, other research has provided more evidence of
dyslexics’ temporal processing deficits through identifying problems with
auditory temporal sensitivity (Wolff, 2002, Thomson, 2008), rapid speech
perception (Wood & Terrell, 1998), and detection of complex timing patterns
(Kujala et al., 2000). Since both phonological and music processing involve
timing, and involve common areas of the brain associated with timing, such
as the cerebellum (Besson & Schon, 2003; Nicholson, Fawcett, & Dean,
1995), it has been hypothesized that music activities which involve sensitivity

to timing may be able to bolster reading.

2.4.5 Implications for the research paradigm

In this study it is proposed that basic fundamental auditory processes
are required for the child to extract periodic temporal structure when
perceiving both music and language. These basic auditory processes may
affect both the perception of metrical structure in music and the development
of the language processing skills measured by PA tasks, which in turn would
be expected to affect literacy acquisition. These processes are not dependent
on years of intensive study. None of the children in this research have had
formal music lessons, but the hypothesis in the study is that even a short
period of increased exposure to rhythmic tasks delivered via a musical
medium could increase the likelihood of improved phonological skills

without the advantages given by learning a musical instrument. However,
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nearly all children interact with both music and language through song or
rhythmic chants. = Cummins (2010) argues for the core role of motor
processes in perceiving and producing rhythmic speech events.
“When speech is turned into chant, rap, verse or song, we find a marriage
of rhythm in the musical and phonetic senses. When children in the
playground turn a single exclamation or taunt into a repeated mantra, its
rhythmic potential is unleashed” Cummins 2010 pg 6.

Cummins notes that although speech appears highly specialised and
detached from general bodily rhythms, in fact it shares the same rhythmic
constraints of any cyclic movement of the limbs (walking, dancing,
juggling...). The temporal relationships between the sequencing of syllables,
their organisation into larger linguistic units (foot, phrase) and their positions
(relative timing) with respect to each other, cannot vary freely because of the
constraints imposed by physiology. Cummins argues that speech is a whole-
body activity, and in some key respects is similar to musical performance. His
view is that rhythm in speech and rhythm in music are related via
embodiment and entrainment. Music clearly involves embodiment, we
usually cannot help tapping along or internally feeling the rhythm, but
embodiment in language has been far less studied. Cummins (2010) makes a
very plausible case that there should be important links between rhythmic
embodiment and linguistic behaviour.

With this in mind the research paradigm will compare the results of a
three-group intervention where the effects of rhythmic training are compared
with a control group. One group will receive phonological training based on
syllable and rhyme awareness through a music programme that includes
tapping along to both instrumental music and songs, and the second group
will receive an intervention based purely on chanting the rhythms, with no
‘music’ — eg no musical accompaniment backing tracks or singing — in other

words without any concentration on pitch accuracy.
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2.5 A review of studies that have shown that music impacts on
literacy development

In this final section of the literature review I look at training studies that
have investigated causal links between the teaching of musical skills and an
improvement in both phonological awareness and reading. First I look at
three studies that have come from investigations into the causes of dyslexia,
where researchers have found differences between the dyslexic child and the

normally developing child in connection to rhythmic entrainment.

Secondly I look at more broadly based classroom based strategies that
seem to show that an increased emphasis and exposure to music will help

children access the literacy curriculum.

(i) Studies exploring music and the causes of developmental
dyslexia
According to Goswami and colleagues, the Peretz and Coltheart
(2003) model provides a theoretical framework for considering
developmental dyslexia, because research has consistently shown that
children with developmental dyslexia are impaired at tapping to a rhythm,
and in perceiving tempo, and yet have few problems in fluent speech (e.g.,
Corriveau and Goswami, 2009; Thomson and Goswami, 2008 Wolff, 2002;
Wolff et al., 1990). Following a series of studies of children’s auditory
perception of tasks (e.g., Corriveau & Goswami, 2009; Thomson &
Goswami, 2008), Goswami proposed that while amusic brains can be
described as being:-

“out of tune but in time” (Hyde & Peretz, 2004), the brains of children with
developmental dyslexia or specific language impairment (SLI) may be

brains that are “in tune but out of time”. Corriveau 2009 - pg 129
In a study of 10 year-old children with dyslexia, children were asked
to entrain to a metronome beating at various rates (400 ms, 2.5 Hz; 500 ms, 2
Hz; and 666 ms, 1.5 Hz). Children who were particularly inconsistent in
tapping to a particular rate showed the poorest literacy and phonological
development. These data could not be explained by general motor dexterity,

which contributed no unique variance to any of the literacy or phonological
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processing measures, or by auditory rhythmic difficulties (rise-time
discrimination) (Thomson, 2008). Recent research (see Huss & Verney et
al. 2011, Goswami , Huss et al, 2012) suggests that of the above rates used in
the Thomson tests one might be significantly more useful than the others.

In the Huss and Verney study in addition to the battery of behavioural
tasks I helped devise an additional music task to explore relations between
musical metrical perception and auditory perception of amplitude envelope
structure, phonological awareness (PA) and reading in a sample of 64
typically-developing children and children with developmental dyslexia.

The test consisted of a series of varying metrical discrimination tasks
where the children had to say whether two rhythmic excerpts were the same
or different. The musical excerpts were simply a two bar rhythm pitched to G
using a simulated chime bar sound played at a pulse rate of 500ms. The
differences between the two pieces were simply that one accented beat was
made either 100 or 166 milliseconds longer on the second hearing (Figure

2.5.1).

Figure 2.5.1. Musical example from the Huss et al study. 2011. ‘Music, rhythm,

rise-time perception and developmental dyslexia: Perception of musical meter
predicts reading and phonology’ from Table 1 pg 679.
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The results showed that musical metrical sensitivity predicts PA and
reading development, accounting for over 60% of variance in concurrent
word reading along with age and 1.Q. The task showed stronger associations
with reading (42% of unique variance) than traditional phonological
awareness measures (a rhyme awareness measure predicted 33% of variance).

When the same group of dyslexic children performed the same task a year

85



later their performance was actually poorer than before, suggesting that their
inability to perform the task showed a more robust perceptual deficit
(Goswami and Huss, 2012). The children with dyslexia performed even the
simplest metrical task, based on a duple metrical structure, significantly more
poorly. The conclusion from this research adds weight to the findings of the
Thomson study in 2008. Both studies indicate that accurate perception of
metrical structure may be critical for phonological development and
consequently for the development of literacy. In the Huss and Verney study I
concluded that the 500ms rate could be significant. The conclusion that the
500ms rate is of biological significance can be found in other research
protocols (Moelants 2002, Taub 2007). MacDougall and Moore (2005)
studied the spontaneous tempo of walking in humans and found that preferred
gait was 2 Hz irrespective of gender, height, weight, age or body mass index.
They suggested that 2 Hz (500 ms) could represent a spontaneous tempo or
“resonant frequency” of human movement. This observation is consistent
with a number of developmental and linguistic studies of spontaneous tempi
such as that by Arvaniti (2009), who noted that across languages stressed
syllables are produced on average every 500 ms suggestive of a biological
constraint linked to the articulators, and when adults read aloud from text,
they show a bias for inter-stress intervals which are multiples of a 500 ms unit

(Fant and Kruckenberg, 1996).

Overy (2003) performed experimental studies of the use of music as a
remediation technique for children with reading disability. She reported on
the results of two experimental studies where music activity was used
specifically to bolster reading in dyslexic and at-risk children. In the first
study, 28 children (mean age 6.7 years) were classified as at strong risk, mild
risk, or no risk of dyslexia and were given one-hour singing-based music
training each week, usually in three 20-minute sessions, by their regular
classroom teacher over the academic year. There was no control group in this
study; scores were just compared with national norms. In the second study a
trained music teacher gave nine boys with dyslexia in two schools music
lessons each week. The content of the thrice-weekly 20-minute lessons

emphasized musical rhythm exercises. The nine boys formed their own
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control group by being monitored for a 15- week period prior to the 15-week
intervention period. In the first study, children at strong and mild risk of
dyslexia showed significant improvement in spelling skills, and all groups
improved in phonological segmentation skills. In the second study, the boys
with dyslexia showed significant improvement in phonological processing
and spelling skills. Neither study showed improvement in overall reading
skills, but rather in the reading subskills of phonological awareness and

spelling.

(ii) Studies exploring music to promote literacy development

Specific musical training can improve understanding of timing, pitch
grouping and harmonic sequences (Jentschke, Koelsch et al 2005), and this
enhanced information could have benefits for language acquisition
(Schellenberg 2005). Jentschke tracked the responses to sentence
comprehension and music perception when children’s expectations were
violated by syntactical violations in sentences and harmonic violations in
music. The research was with musically-trained or non-trained 11- year-old

and with 5 year-old children, some of whom had language impairment.

Jentschke commented:-
“We observed indicators for an intricate relationship of syntax processing
in language and music --- the data suggests that children can profit from
musical training because of a more efficient processing of musical structure
and because of its impact on the processing of linguistic syntax. This
relationship might be especially important as well in therapy for language

impaired children.” pg 240

In a significant study Anvari et al., (2002) reported that music skills
were found to correlate significantly with both phonological awareness and
reading development in four-year-old children. In their study of 100 English
speaking four- and five-year-old children, they tested both linguistic and
musical skills. They devised a series of music tests for assessing
discrimination of pitch, rhythm, and harmony, and rhythmic production and
also a phonemic awareness test to measure rhyme generation, oddity

discrimination, and phoneme blending. In the music tests the participants had
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to say whether rhythms, melodies or chord sequences were the same or
different. They administered the Rosner Test of Auditory Analysis Skills
(Rosner, 1979) to assess the ability to segment sounds in speech. The
researchers tested the children’s ability in number, digit span (auditory
memory), and vocabulary, exploring the role of phonological awareness,
auditory memory, vocabulary, and number skill in the relationship between
music and reading. The researchers took age into account by exploring the
differences between four- and five-year-old children. Their results showed
that the four-year-old children’s musical skills, pitch and rhythm together,
were significantly positively related to phonological and reading measures.
By contrast, pitch processing, but not rhythm, was significantly positively
correlated with phonological awareness and reading in five-year-old children.
Anvari et al., found that the results varied by age in terms of relationships
with rhythm perception and production. That is, rhythm perception and
production showed a significantly positive relationship with phonological
awareness in four-year-olds, but not in five-year-olds. The researchers
hypothesized that young children’s rhythmic skills developed before their
acquisition of knowledge of melodic concepts. (This is an important
distinction for this study since the age of the children tested in this study were
generally below the age of 5)

According to the authors, the relationship between music perception
and phonological awareness points to common auditory mechanisms
underlying the development of both. For example, both phonological
awareness and music perception involve segmentation of an auditory signal
into smaller units. Children also need to recognize these categories or
individual auditory units in spite of changes in tempo, pitch, speaker or
performer, and varying acoustic conditions. As an extension of their
conclusions, the authors theorised that some auditory processing abilities
might overlap between music perception, phonological awareness, and
reading, namely, temporal sequencing, frequency resolution, and temporal
resolution.

Prior to this study only one other published study had compared
reading readiness and musical ability in pre-readers and that was with only 16

four and five year-old children (Lamb and Gregory (1993). Lamb and
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Gregory presented the children with pitch and timbre discrimination tasks,
phonemic awareness, and a simple reading test. They concluded that
phonemic awareness correlated with simple reading ability and that pitch
discrimination was significantly correlated with phonemic awareness.

Walton (2007) tested a group of 97 children in kindergarten (aged 5
years) and found that exposure to songs that deliberately focused on
phonological skills such as rhyming and syllables did help the trained children
make more progress in their learning of key pre-reading skills (i.e.,
phonological awareness, letter-sound knowledge) and word reading, than
those in a control group. He did not however differentiate between impact on
children with lower ability and those with normal developing phonological
skills.

David, Wade-Woolley, Kirby, and Smithrim (2007) performed a
longitudinal study of the relationship between rhythm production (i.e., beat
competency), phonological awareness, and reading development. In order to
assess rhythm production ability at the beginning of the study, the researchers
used the Rhythmic Competency Analysis Test (Weikart, 1989). The six-year-
old participants (N=53) tapped the beat with their hands and walked to the
beat (Weikart, 1989). During the initial testing phase, the researchers also
tested the children’s phonological awareness using a variety of measures,
including Sound Oddity (Bradley & Bryant, 1983), Blending Phonemes,
Blending Onset and Rime, Phoneme Elision, and Sound Isolation (Wagner et
al., 1993).

Results showed that children’s scores on the phonological awareness
subtests correlated with one another. Therefore, the researchers combined the
sub-test scores into a phonological awareness composite. Beat production
showed a significantly positive correlation with phonological awareness at
age six. Results also showed that after controlling for phonological
awareness, beat competency was a significant predictor of reading at age ten.
David et al. (2007) conclude that the overlap between phonological awareness
and music perception may possibly be due to skills in blending and
segmenting sounds and in temporal sequencing.

In another study examining the relationship between phonological

awareness and rhythm perception and production skills in young children,
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Moritz (2007) tested kindergarten-age children (N=30) at the beginning and
end of the school year. The researcher studied various components of
phonological awareness, including segmentation of syllables, rhyming
discrimination, and isolation of medial phonemes, using the Phonological
Awareness Test (Robertson & Salter, 1997). In order to assess tempo
production, rhythm pattern production, and rhythm pattern discrimination,
Moritz used an adapted version of the Music Aptitude Test (Overy, Nicolson,
Fawcett, & Clarke, 2003). The researchers also measured non-verbal
intelligence using the Kaufman Brief Intelligence Test (K-BIT, Kaufman &
Kaufman, 1990). An experimental group received daily Kodaly music lessons
for the entire school year, while the control group received weekly music
lessons that were not based on Kodaly. Data showed a significantly positive
relationship between rhythm production abilities and segmentation of
syllables, as well as the phonological awareness composite, for all children at
the beginning of the school year. At the end of the school year, results
showed differences between children who received weekly or daily music
lessons in regard to the relationships between phonological awareness and
rhythmic skills. Children who received only weekly music lessons showed a
statistically significant positive correlation between rhyming discrimination
and rhythm discrimination; all other correlations were non-significant. By
contrast, children who received daily Kodaly lessons showed significantly
positive correlations between rhythm pattern production and two
phonological awareness skills: rhyming discrimination and isolation of
medial phonemes. Based on results from children receiving daily Kodaly
lessons, the author suggests that activities involving production of rhythm
patterns or songs with rhyming lyrics could be used to bolster phonological
awareness skills (Moritz, 2007).

Findings from both David et al. (2007) and Moritz (2007) suggest that
rhythm perception and production are significantly related to certain aspects
of phonological awareness. Specifically, rhythm production (i.e., entrainment
to a beat) showed a consistently positive relationship to phonological
awareness. However, results regarding the relationship between rhythm
pattern perception and phonological awareness were inconclusive and

according to the researchers warranted further investigation.
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Forgeard et al. (2008) also studied music and phonological processing
in 44, six-year-old children. Thirty-two of the children had received
instrumental music lessons, while twelve had not received lessons. The
researchers used the Primary Measures of Music Audiation (PMMA; Gordon,
1986) as well as a researcher-designed pitch and rhythm discrimination task
to measure music perception, and also used the Auditory Analysis Test
(Rosner & Simon, 1971) to evaluate phonological awareness. Results showed
that children’s phonemic awareness was significantly and positively
correlated with both pitch and rhythm discrimination. Data showed non-
significantly stronger relationships in children who had received music
lessons as opposed to the control group.

Boldoc (2009) researched the effect of two music training programmes
on the development of both musical understanding and phonological
awareness amongst 104 Franco-Canadian kindergarten children. The
experimental group (N, 51) participated in an adapted version of the Standley
and Hughes music training programme, devised for children in special
schools, while the control group (N, 53) took part in the Ministére de
’Education du Quebec music programme. Both programmes involved
playing tuned percussion instruments, singing and musical improvisation.
The control group activities were more focused on listening and interpretation
of musical examples. The analysis of data shows that both music programmes
contributed similarly to the development of tonal and rhythmic perceptive
skills. However, the experimental music training programme proved to be
more effective when it came to developing phonological awareness skills.
The researchers observed that participants who were exposed to the
experimental music training programme experienced an improvement in their
performance, particularly in the syllable identification tasks and the rhyme
and phoneme identification tasks, by the end of the programme compared to
the control group. The material used throughout the programme, especially
the children’s songs helped the children recognise different phonological
units and helped them to manipulate them purposefully and at their own pace.
The researchers concluded that their results showed that there are important

links between auditory perceptions, phonological memory, and metacognitive
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skills and these links are crucial in the development of musical and linguistic
abilities in pre-school age children.

An interesting related study, and one that has a similar structure to the
second study investigated in this PhD, by Degé and Schwarzer (2011)
investigated the effect of a music programme on phonological awareness in 5
to 6 year-old preschoolers. Their hypothesis was that if language and music
share basic processing mechanisms, the effect of both programmes on
enhancing phonological awareness should be similar. In particular, the effects
of a music programme and a phonological skills programme on phonological
awareness were compared. Forty-one preschoolers (22 boys) were randomly
assigned to a phonological skills programme, a music programme, and a
control group that received sports training (from which no effect was
expected). Preschoolers were trained for 10 min on a daily basis over a period
of 20 weeks. The sessions contained joint singing, joint drumming, rhythmic
exercises, meter execution, training of rudimentary notation skills, dancing,
and playful familiarization with intervals. In a pretest, no differences were
found between the three groups in regard to age, gender, intelligence,
socioeconomic status, and phonological awareness. Children in the
phonological skills group and the music group showed significant increases in
phonological awareness from pre- to post-test. The children in the sports
group did not show a significant increase from pre- to post-test. The
researchers concluded that the positive effects of the music programme
basically drove enhancement of phonological awareness, in particular
phonological awareness of large phonological units (e.g., rhyming,
segmenting, and blending). This enhancement is comparable to the effects of
a phonological skills programme on phonological awareness. Their data
suggests that phonological awareness can be trained with a phonological
skills program as well as a music programme and they conclude that it seems
highly likely that language and music share processing mechanisms,
explicitly sound category learning mechanisms. All of these classroom-based
studies lend support to the idea that basic skills underpin learning across the
curriculum. That is, when memory skills are developed within one domain,
such as music, children naturally may apply the skills to task performance in

other domains if task demands are similar and skills learned in one domain
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are useful for performance of tasks in another. Music teachers can assist
children to improve their memory for sound by teaching patterns within

music contexts through meaningful exercises, games, and songs.

These studies using music to teach reading skills are very diverse in
terms of their interventions. Some focus on pitch, others rhythm production
and some a combination of both. The type of music stimuli used to target
specific literacy target outcomes therefore is very varied. Consequently,
generalization becomes difficult, in terms of the specific techniques that were
used and precisely how the findings could be attributed to the music
interventions. Furthermore, the age of the samples in the various studies
included children from 5 — 11 years old. These methodological differences
further contribute to the difficulty in generalizing results across studies.
However despite the inconsistencies there is sufficient evidence to further
pursue the links. Increasing evidence now supports the ‘temporal sampling
theory’ of Goswami that provides evidence-based reasons for a shared deficit

in rthythmic processing in both rhythmic perception in music and language.

A small scale intervention unpublished study (Bhide et al, 2012)
suggested that a theoretically-driven musical intervention based on rhythm
and on linking metrical structure in music and language could have benefits
for the development of literacy and phonological awareness. This study with
19 children aged 6 — 7, all of whom were struggling readers compared the
impact of a computer assisted reading programme with a musical rhythm
programme that asked the children to tap along to 5 different speeds (60
bpm, 80 bpm, 100 bpm, 120 bpm and 140 bpm). Significantly the children
who showed the poorest rhythmic entrainment at the beginning of the
intervention made the greatest improvements. There were also correlations
with improvement in rhythmic performance and reading. The effects found
suggest that giving children rhythmic training, and linking non-linguistic
rhythms to rhythms in language, has a positive effect on literacy acquisition

and on phonological skills.
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Chapter 3 Methods and Procedures

1.

Aims, hypotheses and research questions in the study

All the different theoretical perspectives linking language and music
under review (Goswami, 2011; Kotz and Schwartz, 2010; Patel, 2011, and
Cummins, 2010) place entrainment at the core of rhythmic behaviour. The
common perceptual capacities for music perception and phonological
awareness point to parallel auditory processing mechanisms (Patel, 2008).
Music and speech have common acoustic parameters, consisting of spectral
and temporal qualities that are processed by overlapping neural mechanisms
(Patel & Peretz, 1997). One of the reasons for these links or ‘overlap’ (from
Patel’s Opera framework, 2008) is that regardless of whether an auditory
stimulus is a speech or musical signal, the auditory system perceives rapidly-
occurring temporal information or spectral information from either signal in
similar ways. Over time, the young child’s skills in perception of speech and
music become increasingly refined, showing dramatic improvement during

the first five years of life e.g. McPherson (2006).

From this statement and others discussed in the literature review we can
devise a series of hypotheses which need exploration and which determine the

research questions and methods employed in the study.

Developmentally different (yet mutually consistent) theoretical frameworks
predict that children who show more accurate rhythmic entrainment might

also show superior musical and linguistic performance.

There is evidence to support a relationship between rhythmic entrainment,

language and music.

In the ‘temporal sampling theory’ Goswami proposes that it should be
possible to see a relationship between rhythmic entrainment and syllable-

level entrainment within the speech stream.

Rhythmic entrainment is related to phonological awareness and therefore
should be related to reading development, since it is related to phonological

awarencss.
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5.

A training programme based on rhythmic entrainment, that does not
necessarily involve music, will be equally effective in improving

phonological awareness skills with pre-school children.

From these hypotheses we are led to research questions that have to be
answered within the design of the testing protocol. The testing protocol
should allow us to measure the accuracy of entrainment in young typically
developing children and explore its relations (if any) to language and
phonological development. The formulation, details and means of

measurement within the research protocol are discussed in this chapter.

Research Questions

1.

Is there an optimum pulse rate within music that helps children to entrain to
a beat and is it dependent on the quality and type of stimuli.

Will accurate metrical perception predict improved phonological learning?

3. Are there auditory and temporal processes that are used in perceiving both

music and language?

Can auditory and temporal processes enable the extraction of periodic
structure and rhythm, and can we assume that individual differences in the
quality of these basic auditory processes affect the development of language
and musical cognition?

If rhythmic structure and temporal isochrony is more overt in music than in
language and enables the accurate segmentation of syllables and words from
the speech stream, is it possible that musical interventions could improve
reading skills in children with developmental language disorders. (Goswami
2011, Overy, 2000, 2003; Forgeard et al., 2008)?

Is it possible that the rhythmic attributes of rhythmic speech are as effective
as those in music in helping children to segment the speech stream?

Can we gain a greater understanding of the skills required to process
phonological information, and become more able to decode the language in
readiness for reading through an increased understanding of the relationship
between the rhythmic properties of speech and music?
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3.1. Overall Design of the Studly.

Much of the methodology and procedures are common to both studies,
but this chapter describes, specifically, the participants, recruitment, and
measures used in the investigation in Study 1 with the first group of
participants. Data collection, data analysis, and methods used in the study to
investigate the research questions concerning the impact of rate and musical
content are presented. The procedures for testing the children are then
described.

In the following chapter the results from this study are reported and in

chapters 5 and 6 the methodology and results from Study 2 are presented.

Table 3.1.1 Gantt Chart for Study Timelines — Pilot, Studies 1 and 2

05/11/2007 13/02/2008 23/05/2008 31/08/2008 09/12/2008 19/03/2009 27/06/2009 05/10/2009 13/01/2010 23/04/2010 01/08/2010

Familiarisation Pilot ™
Pre-Test Pilot -
Post-test Pilot L |

Familiarisation Study 1 L
Pre-Test Study 1
Intervention Study 1
Post- test Study 1

BAS Study 1 o

Familiarisation Study 2 [ ]
Pre- Test Study 2 -
Intervention 3 group Study 2 [
Post- test Study 2 [ ]
BAS Study 2 .

Study 2
Intervention

BAS reading tas

The Gantt Chart (Table 3.1.1) shows the timeline of the three studies

considered in the thesis (including the pilot study). The visual representation
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shows that the BAS reading task was done at the same time for both Studies 1
and 2. It also shows that in Study 2 the three group intervention detailed in
Chapter 8 was a discrete module in the research. Further details of the exact

nature of the timeline for each study are given in Tables 3.5.2 and 8.1.2.

Study 1 (Year 1)

3.2  Participants

In year 1 of the study 120 participants were recruited from the
Reception classes in seven schools. This was a convenience sample of,
initially, 67 boys and 53 girls and testing took place when the children were
aged between 4 years 6 months, and 5 years 1 month and commenced in
February 2009.

The seven ‘first schools’ were in a rural part of Northumberland, and
were chosen because they had different demographic characteristics, different
educational environments and standards as defined by their most recent
Ofsted”’ reports (Table 3.2.1). The principle difference was the varying class
sizes in each school that ranged from 7 children to 20. Another characteristic
of school 4, with the lowest on-entry scores, was that the reception children
were taught with nursery children in the morning, and only had a separate
curriculum in the afternoon. The children in this group had received less
literacy training than the other groups. Nevertheless all the reception teachers
were focused on the same method of teaching synthetic phonics — “Letters
and Sounds”- as recommended by the National Strategies (Primary) for the
Department for Education and Skills (DfES) 2007.

The schools had a stable population and only one child left during this
phase. The number of participantse was reduced to 96 when one school
withdrew its support after the WPPSIR (IQ) and music tests were nearly
completed. Three additional children were removed from the list of

participants:- a boy was taken ill; a girl with severe learning difficulties could

7 Ofsted = The Office for Standards in Education, Children's Services and Skills The services
Ofsted inspects or regulates include: local services, childminding, child day care, children’s
centres, children’s social care, Cafcass, state schools, independent schools and teacher training
providers, colleges and learning and skills providers in England.
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not complete any language based tasks, and one other girl left school. The

participant numbers for the final analysis in Study 1 was 93.

Table 3.2.1 Ofsted and ‘On-entry’ data for the 6 participating schools
in  Study 1
School Number on Number in Foundation FSP
Roll Reception Stage Profile = Comment
Score
1 52 (2007) 11 49 Outstanding

“Children “start school with average levels of development”

2 71 (2008) 16 41 Good
“Children start school with abilities “ in line with with age related
expectations in early reading”

3 99 (2009) 20 40 Outstanding
“Children start school with abilities “broadly typical for their age”

4 107 (2006) 14 37 Satisfactory
“Children begin school with low ability, especially in language”

5 147 (2007) 20 47 Good
“Children’s starting points in Reception are below expected levels”

6 ( “a school with some social and economic disadvantages”

Number of pupils with learning difficulty is above average)

83 (2009) 15 43 Satisfactory

(Please note these inspection dates were correct at the time of testing)

3.2.1Participant recruitment

Ethical approval for this project was granted by the University of
Cambridge Psychological Research Ethics Committee (application no.
2007.51)

Because of the nature of the research a full Criminal Records Bureau
enhanced disclosure was obtained from Northumberland County Council to
allow me access to children in all Northumberland schools dated 6th of July
2007 (001167602012). (appendix A)

Access to schools was obtained through personal contact, and access to
children required consent forms to be obtained from all parents. In the letter

requesting access to the children the research programme was clearly
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outlined, explaining the times children would be withdrawn from class and
the nature of the testing.
(Letters to schools and parents are given in appendix B.)

The following paragraphs explained the ethical procedures:-

Confidentiality/Ethical Approval

“All data will be identified by a code, with names kept in a locked file.
Results are normally presented in terms of groups of individuals and will be
presented at conferences and written up in journals. If any individual data
were to be presented, the data would be totally anonymous, without any
means of identifying the individuals involved. This project has been approved
by the Cambridge Psychology Research Ethics Committee.

A consent form is attached to this letter. If you are willing for your
child to take part in this study, please complete it and return it in the
addressed envelope provided to your school. If you would like any further
information, please do not hesitate to contact John P. Verney at
jpv28@cam.ac.uk; by telephone at 01670 787702, or via the school.

Please note that you may withdraw from the project at any stage

without explanation.”

All visits were arranged at times to cause least inconvenience to the

schools.
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In this section, I first consider the design of the music tasks, how they
were recorded and how data were collected from the computer programme.
Then I describe each music test and how it was presented to the children. The
final part of the methodology section describes the psychometric testing

protocol.

3.3  Music Measures

The design of the tests necessitated the use of 3 kinds of rhythmic
stimuli:-
. A simple auditory sound source that could maintain a given pulse rate —
mechanical, electronic, and computer generated metronomes were used;
. Instrumental music with an isochronous (constant) pulse rate;

. Songs with and without instrumental accompaniment.

All the instrumental music had many of the qualities associated with
sung music, such as matched phrase lengths, and melodic contours suitable
for singing, and indeed some of the music that was originally played to the
children, so they could drum along with its beat, was used in its original form

as music with words (a song) during the music training programme.

3.3.1 Design of the music tests

The music for the studies was composed or arranged, recorded and
edited by the author. All the music had been composed for young children,
some as young as 9 months old, to stimulate language and communication
development and tested with many thousands of children®® over many years.
All the music had a well-defined musical structure based on predictable
harmonies in simple duple or triple time (Koelsch, 2005 and Hannon &
Trehub, 2005). The harmonies used to strengthen accent awareness were
always chords V to 1 (perfect cadence) (Bergeson and Trehub (2006) (Figure
3.3.1) and rhymes were always placed on strongly stressed beats of the bars.

The underlying rhythm was always very predictable in accent, stress and

*¥ At one point in my advisory teaching role I was working with two or three hundred children a week,
so over a period of 15 years the numbers of children I visited was certainly in the many thousands.
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harmonic progression. Added interest was given to the compositions by
unusual instrumentation, chromatic harmonies and counter melodies, but
these never affected the simple cadences and principle stresses on target notes
and rhymes (see enclosed CD and appendix C).

Even though the melodies of the songs were sometimes syncopated”
(Figure 2.4.5 Mickey the Mouse) in order to make the music match more
natural speech patterns, the underlying rhythm was always very predictable in
accent, stress and harmonic progression. The musical stimuli for the tapping
tests were devised from songs (see appendix D for original material). They
were all composed within defined parameters:

. The speed was set and underpinned by a metronome beat;

. Interest was added to this beat by a simple percussion track
which further accented the principle beats in the bar (measure);

. A bass line was added to emphasise the harmonic movement;

. In some melodies a simple chord structure was added to give the
harmony more definition;

. The melody line was added which supported the words in the
original composition;

o The children found them attractive to listen to.

The singing tests were generally in an appropriate vocal range of
middle C to G (261 hertz — 392hz) and at no time did there appear to be a
problem with the children singing along to an adult male, whose voice was an

octave lower (130 — 196hz).

Figure 3.3.1. Simple Harmonic Fly a kite
prJogressions in Music tests. John P. Verney
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*% Syncopation is where the melody has a different accented note to the underlying harmony or rhythm.
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A range of beat-based drumming and singing tasks were devised at four
temporal rates, 400 ms (2.5 Hz, 150 bpm), 500 ms (2Hz, 120 bpm), 666 ms
(1.5 Hz, 90 bpm) and 1000 ms (1 Hz, 60 bpm,) (all described fully below).
These pulse rates were selected based on prior work on rhythmic entrainment
in developmental dyslexia (Thomson and Goswami, 2008) and SLI
(Corriveau and Goswami, 2009), and were also chosen to lie within the region

of greatest pulse salience in Western music (Thaut, 2005).

3.3.2Recording and calibration of the music

The experimental tasks were designed to measure rhythmic entrainment
and synchronization at different temporal rates and to measure temporal
accuracy in singing. The songs and music were created using an electronic
keyboard and ‘Sibelius’ music publishing software, using either the orchestral
midi sounds found in ‘Native Instruments Kontact Gold’ or the general midi
sounds from a Yamaha Tone Generator (TG33). The open source software
‘Audacity’ was used to programme a registration track from which the
accuracy of children’s rhythmic entrainment could be calculated with
millisecond (ms) precision. A further advantage of this software is that it
allows one to take existing digital music (instrumental backing tracks) and
transfer them into a program on which one can record a master vocal track.
If the original backing track is recorded at a slightly different speed then it
can be manipulated into synchronisation with the target speeds. ‘Audacity’
can detect very low auditory signals and enhance them for measurement. If a
child sings into the microphone at a very low level it can be difficult to hear
their responses so the signal needs boosting. This results in a lot of
background noise that must be eliminated. Audacity performs this task well
and allows recording and analysis of near whispers. A personal computer
microphone (Gembird) was used to transfer information from the bongos and
the children singing into digital form in the computer. Certain tracks needed
to be transferred from existing CD recordings by creating ‘WAV’ files.
‘Adobe Audition’ (2003 version) performed this task before the files were

transferred back into Audacity.
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All tests were recorded on the same computer so that any errors
associated with different hard drives or sound processing module speeds were
eliminated. Care was needed to ensure that there was synchronisation
between the registration track and the recording of the children’s
performance. The ‘Rock’ laptop used had a fast hard drive (7200 RPM) and
recorded accurately throughout the length of each trial, but adjustment needed
to be made on every analysis to account for latency®” inherent in the software
and processing during recording.

Initially all music was composed and edited on a desk-top PC with an
Audigy 4 (Creative) Soundblaster external soundcard, and latency controlled
by ASIO drivers. This software eliminates most latency problems and
accurate recording times can be taken, even when the music has complex
sounds that need more processing power.”’  Unfortunately this equipment
could not be taken into a school environment where one could never be sure
where the recording was to take place, or whether you would have to move
rooms.

When recording with a laptop in the field it can be difficult to gain
accurate and consistent timing, because each environment can alter the way
the computer processes recordings. Even electricity power can vary. [
recorded in one room where power was reduced when the heating system
came on. At no time can recording take place using battery power.

Over the three -year period of recording the amount of recalibration
required increased by 20 milliseconds. This could have occurred because of
the age of the laptop, and the increasing amount of information stored on the
machine. Because of these inconsistencies it was necessary to have a method
to synchronise the recording and the registration track from which the timings
were taken for each musical test. The children were always given at least 8
beats from which they could entrain before they started to tap. These taps
were recorded live and could then be adjusted into accurate synchronisation

with the registration or ‘click’ track.

%% Latency is the delay associated between the actual sound of recording and the computer response.

1 A simple signal, such as a metronome, needs very little processing power, but any complex

synthesised sound such as those used in the recordings of the song accompaniment requires more

processing, and latency can increase.
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At the start of each analysis the entrainment beats found in the
children’s recording are placed in line with the registration track, and then all
beats in the rest of the recording are aligned and can be measured accurately

within 1 or 2 milliseconds. (Figures 3.3.2 and 3.3.3)
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3.3.3. Analysis of the children’s recording

The method employed in this study to measure the accuracy of the
children’s tapping or singing using only Audacity is very time-consuming but
it does give an accurate result of the asynchrony of each beat from the
ascribed linear time scale within each musical task. The drumming and
singing behaviour of young children is often out of phase, but the wide
variations in synchronization are easily seen visually in this programme and

can be accommodated in the analysis. The only time a point of
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synchronization cannot be analysed is if there are multiple taps within the

beat (Figure 3.3.4).

Figure 3.3.4 ) I —
LGty it Music track

This diagram
shows the chfld
playing multiple

taps within the 101
—no score can be
given.

Multiple taps within an Inter
Onset Interval

Further confirmation of the accuracy of the raw data scores was achieved
when study 2 data were reviewed to discover the scores for analysis that took
into account whether the children anticipated or delayed their responses to the
beat.. The revised scores for each test were always within one or two
milliseconds of the original analysis. Further confirmation of the validity of
the method came from comparing the results in both studies. Analysis of the
data comparing the drumming to metronome and drumming to music in
studies 1 and 2 showed no significant differences (p= .13 and p= .22

respectively). (See section 6.1 for full analysis).

Figure 3.3.5
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Once the recorded tracks of the children are synchronized with the
registration track then a very simple method of checking the accuracy of their
performance is used. The computer mouse draws a shaded area between the
centre of the registration track beat marker and the point of peak activity in
the children’s recorded bongo tap. The programme then gives a measurement
defined by the shaded area in milliseconds.

The three points illustrated in Figure 3.3.5 have a deviation from the
registration points of 117, 79 and 18 milliseconds. The task score (the
variation from the mean) would be computed from the total of 16 points
within each test. (Note that the music track is in synchronization with the

registration track.)

The same method can be used to analyse the singing data. In line with
previous studies designed to measure the accuracy of amplitude envelope rise
time (Thomson and Goswami, 2008; Corriveau and Goswami, 2009) analysis
of the child’s synchronization was taken from the consonant immediately

before the vowel.

Figure 3.3.6 |“l“ “lll “m"“l.ll “' ““" ”‘”I
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In Figure 3.3.6 the spectrograph shows clearly the onset of the sound
of the letter ‘P’ in Pat and Panda, and these consonants give clear markers
from which to measure the accuracy of the synchronization. The onset of the
sound of the letter ‘d’ is also clear (shaded from the onset rise). Because the
music is defining the position of the words we can also measure ‘the’ with
accuracy from its onset rise even though the word starts with a fricative. (Note

again the way the music is in synchronization with the registration track.)

Throughout the experiments this method was always used, so that

consistent comparisons were made across across the whole study.

Adult participants generally anticipate the beat in a musical task,
especially at the slower speeds (Repp, 2001) but Figure 3.3.7 shows that
there can be variations in their synchronization - sometimes anticipating and
sometimes following the established pulse. The ‘Audacity’ files’ visual
representation of the acoustic signal shows this clearly and one can calculate
the mean difference from the point of synchronization by noting during the

data analysis whether the tap is before or after the point of synchronization.

Figure 3.3.7
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3.3.4 The Music Tasks

(All played to the children through the laptop speakers. The children’s

responses were recorded for analysis in ‘Audacity)

a) Metronome Task

Here the children were presented with a computer simulated metronome
ticking at one of 4 rates with an Inter-Onset Interval (IOI) of either 400 ms,
500 ms, 666 ms, and 1000 ms. They had to keep time with the beat on a pair
of Bongo drums (playing with two hands). Overall the task comprised 24
beats. However, accuracy of rhythmic entrainment was measured using the
final 16 beats only — the first 8 beats allowed the children to entrain to the

pulse rate.

b) Beat alignment to music

In Phase 1 of the study there were two tests given to the children to test
their beat alignment. The first test was initially called the © paced’ condition.

Here the children used the Bongo drums to play in time with 4 simple
tunes without words written by the researcher. The underlying pulse rate in
the music was either 400 ms, 500 ms, 666 ms or 1000 ms. The different
musical pieces are depicted schematically in Table 3.3.1. Two tunes were
recorded at each pulse rate to ensure that the specific musical content’ of a
piece per se did not affect results. Half of the children received one set of 4
tunes, and the other half of the children received the second set of 4 tunes. A
2 x 4 (Tune Set 1 and 2: Rate: 400ms, 500ms, 666ms, 1000ms) ANOVA
showed that there was no significant difference between the performance of
the groups (F, 102)= .34, p=.56.

A second test using the same sets of music was named the ‘unpaced’
condition. As part of an experiment to investigate a link between timing
precision and rhythm in developmental dyslexia (Thomson and Goswami
(2008) 48 10 year old children (25 dyslexic and 23 typically developing) were

given rhythmic metronome tasks at three rates (400ms, 500ms and 666ms).

*? The music chosen was mainly in 4/4, but 2 tunes were in simple compound time 6/8. Most were in a
genre typical of nursery rhymes, but for the 400ms task, the ‘Race’ song was more jazzy.
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The tasks were in two conditions. The first corresponded to the beat
alignment task with metronome described above which they described as
tapping in a ‘paced’ condition, and a second task where the children had to
continue tapping after the metronome had stopped:- the ‘unpaced’ condition.
Even though they found that all the 10 year old children found this task very
difficult it was replicated with this group of younger children. In the
metronome task the children heard 24 beats at each pulse rate, and then were
asked to continue tapping for a further 8 after the sounds stopped. The data
were collected from the last 8 beats heard (‘paced condition’) and then the
next 8 beats after the sounds stopped (‘unpaced’ condition’). In the beat
alignment task with music the children were once again divided into two
groups and given different music at each of the 4 pulse rates. The data were
collected from the last 8 beats they heard, and then the 8 beats after the music
stopped.

Beat Alignment - Singing

Two kinds of singing measures were used. First, the children sang the “Hello”
song along with a recording of the researcher’s voice and a simple chime bar
based musical accompaniment (which they had already practised during the
‘Familiarisation’ sessions, see below) at the 4 different rhythmic rates. A
chime bar midi sound was used because it has a distinct start (onset) to its
sound as it simulates the beater hitting the metal bar. This helped the children
to synchronise accurately with the pulse rate of the song, and enables accurate
measurement of the children’s deviations from the beat. Beat accuracy at
each rate was timed for the second phrase in the song, and variety was
introduced by changing the name of the person being sung to (“Hello Mr
Verney”; “Hello Pat the Panda” etc. — see figure 3.5.1). This measure is
hereafter referred to as Singing in Time. Second, the children were given a
familiar nursery rhyme, and were asked to sing along to it with a recording of
the researcher’s voice. The children were also asked to contribute certain
rhyming words to the song by themselves, on cue (the researcher stopped
singing). The words to be sung were always the final word in a musical

phrase, and there were two conditions for this Singing the Rhyme measure.
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Table 3.3.1. Schematic overview of the different music and songs in Study 1

Drumming Tasks in Study 1

Practice piece

Beat alignment to a
metronome beat

The sample is divided into 2
each drumming

groups
different set of pieces.

Beat alignment to
music

Play along with the ‘Sputnic Song’ (666ms)

Task 1

Task 2

Task 3
Task 4
Task 5

to a

Drumming at 4 pulse rates / each rate has 24 beats.
500ms 400ms 666ms 1000ms

Group 1 Group 2

Marching through Rover Had a Rag

the Jungle

Music Day The Race Song
The Soldier’s Song Butterfly
Snake Kite

500ms

400ms
666ms
1000ms

The same tasks above were given to both groups of children, except the music was changed — Group 1
were given the music initially presented to Group 2 and vice versa.

The children were then asked to continue drumming for 8 beats after either the metronome or music
tasks became silent — ‘the unpaced condition’

Singing Tasks

Practice Piece

Singing in Time
musical phrase with

a chime bar
accompaniment
(Syllables match

notation — except on
final word)

Rhyme Tests

+Music = with
accompaniment

- Music = with

voice only

Play and sing along with ‘Mr Verney’ song (600ms)

Task
6

Task
7

Task
8

Task

(+Music)
Task 10

Task 11

Task 12
Task 13

Can the children sing along counting the number of
syllables:- 12 345 6 (match)

Can they sing and play “Hello Pat the Panda”
(match)

Can they maintain the rhythmic structure of the song
with syllable names .eg “Hello Mr Dinosaur”
(mismatch)

Can they maintain the rhythmic structure of the song
a single syllable name. “Hello Mister Duck”

(mismatch)
(-Music)

Hickory Task 14 Hickory
Dickory Dickory
Twinkle Task 15 Twinkle
Twinkle Twinkle
Baa Baa Task 16 Baa Baa
Miss Polly Task 17 Miss Polly

500ms

666ms

1000ms

400ms

1000ms

666ms

400ms
500ms
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The Singing the Rhyme, + Music condition required the child to
contribute the final-phrase rhymes when the researcher was singing along
with a fully orchestrated musical accompaniment.

The Singing the Rhyme, -Music condition required the child to
contribute the final-phrase rthymes when singing with the researcher using
voice alone (no musical accompaniment during the entire song). The aim was
to see whether it was easier for young children to keep in time with the beat
with voice alone or with music and voice together (which provides a richer
musical experience). Four familiar nursery rhymes were used for the Singing
the Rhyme measure, each presented twice at one pulse rate only (400 ms, 500
ms, 666 ms, 1000 ms, see Table 3.3.1).

Temporal accuracy of singing the second phrase (Singing in Time
condition) or of contributing the missing words on time (Singing, +Music

versus -Music conditions) was recorded in ms.

3.4 Experimental Tasks (see appendix E)

In addition to the music tests the children were given standardized
cognitive ability and reading tests, and experimental phonological awareness
tasks. Data from UK national screening measures for linguistic and cognitive
development were also available from the children’s schools (the Foundation

Stage Profile, see below).

3.4.1. Standardised 1.Q. and Reading Tests

These comprised the Wechsler Preschool and Primary Scale of
Intelligence IIT (WPPSI, Wechsler, 1991; designed for the age range 2 years 6
months — 7 years 3 months), and the British Ability Scales single word
reading test for English (BAS, Elliott, Smith & McCullogh, 1986).

1. Two subtests of the WPPSI were administered, selected because
together they provide an estimate of full-scale 1Q. The subtests were
Information (verbal ability) and Picture Completion (nonverbal ability). In the

Information subtest, children had to identify a picture from alternatives
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according to the question asked. An example is “Look at these pictures.
Point to the one you cook with”, with a choice of pictures of a fridge, table,
cooker, sink, shower and chair. Questions became increasingly difficult and
more verbally demanding, e.g. “Show me your nose. Touch it” — to “Where
does the sun set?”. For the Picture Completion test the children were shown
28 pictures of well-known objects or people. Each picture had something
missing (e.g., a teddy bear without a head). Scores were then pro-rated to give

a full scale IQ estimate following the directions in the manual.

ii. The BAS™ is an untimed measure of children’s word reading
accuracy normed on a UK population, and presents single words graded in
difficulty for reading aloud. Reading standard scores and age equivalent

scores were calculated as directed by the manual.

iii. Word Test Recall (Pickering and Gathercole 2001) This test comes
from a much longer battery and is included because it has an 80% reliability
coefficient and a standardised score for children aged between 4 years 7
months and Syrs 6 months. The test assessed the strengths and weaknesses of
the child’s working memory profile that can help gain understanding of the
learning difficulties faced by the child. The examiner reads out a list of words
that the children then repeat. The number of words in each trial increases
from 1 to 7 with six groups of words in each trial. The children are scored
according to the number of correct trials and are also given a span score if
they score 4 out of each 6 correct. It is suggested that the words are said by
the examiner at interval of one word every % second.

iv. The Foundation Stage Profile is a baseline screen devised for state
schools in the United Kingdom that is first administered by teachers in either
the last few weeks of Nursery education (age 4 years) or within the first 6
weeks in the Reception class (age 4.5 to 5 years) and then generally reviewed
every term. Overall 13 measures are assessed on a nine point scale, with the
expectation that point nine will be reached at the end of the Reception year, as
the child progresses to full time statutory education at the age of 6 years. The
profile is not strictly standardised as it relies on teacher judgement in

following the administration rules outlined in the documentation. However,

*3 The British Ability Scales Word Reading Test (Elliott, Murray and Pearson, 1977)
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the overall FSP score provides an additional measure of a child’s general
ability as perceived by their teacher, and the subcomponent
‘Communications, language and literacy’ (CLL)3* provides a score that might

be expected to correlate with a child’s phonological awareness skills.

Table 3.4.1 Foundation Stage Profile (DfES 2003)
Personal, Social and Emotional Development Mathematical Development
Dispositions and Attitudes Numbers as labels for counting
Social Development Calculating
Emotional Development Shape Space and measures

Communications Language and Literacy

Language for communicating and thinking Knowledge and Understanding of the world
Language for communicating and thinking Physical Development

Linking sounds and letter Creative Development

Reading

Writing

To enable comparison between the overall FSP score and the CLL
score, both are here expressed as a percentage of the maximum possible score
(hence 50% would show average progress given that the children were tested

in the middle of the Reception school year [February]).

3.4.2. Phonological Tasks

These comprised two tests of rhyme awareness, and two tests of
syllable awareness. As the children were very young, I used both picture-
based tasks and oral tasks to measure their phonological awareness.

a) Rhyme Awareness, Picture Task. This task was taken from James
et al., 2005. Children were shown a cue picture and three alternative choice
pictures. The researcher named the pictures to make sure the young children
knew what the pictures were. They were then asked to select the alternative
that rhymed with the cue picture (e.g., key, sea)..There were 24 trials in total.

b) Rhyme Awareness, Oral Task. This was the Oral Rhyme Test
from the PhAB (Phonological Awareness Battery, Fredrickson & Frith,

** In the analysis used in this research the writing component within the CLL was not used.
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1997). Children were asked to identify which two of three words sounded the

same at the end (e.g., sail, boot, nail). There were 21 trials in total.

) Syllable Awareness, Picture Task. This task also came from
James et al., 2005. Children were shown a cue picture and three alternative
choice pictures. As in the rhyme task the children were also told what the
pictures were. They were asked to select the alternative that had the same
number of syllables as the cue picture (e.g., duck: shop, yoyo, body). There

were 27 trials in total.

d) Syllable Awareness, Oral Task. This task was adapted from
Treiman and Zukowski (1996). Children were presented with pairs of words
spoken by a puppet, and had to tell the experimenter whether the word pairs

shared a syllable or not (e.g., compete, repeat). There were 40 trials in total.

3.5 Procedures in Study 1

3.5.1 Familiarisation pre-test music activities

Prior to receiving the experimental tasks described
above, the children participated in a series of
familiarisation pre-test music activities with the researcher
in their class groups in order to become comfortable with the
experimenter and the tasks. This was achieved by the
researcher replacing the class teacher during music lessons. First,
all children were provided with mini-maracas and were taught to

tap them on the non-holding palm to the rhythm of some music. The maracas
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could also be used as substitute microphones to help the children sing like a
‘rock star’. Chime bars were introduced to help the children with pitch
sensitivity. The children were introduced to singing into a microphone and to
a big cuddly toy — ‘Pat the Panda’, who was used as the catalyst for learning
songs and who later also accompanied them to the testing room when they

received the experimental assessments.

The familiarisation sessions introduced children to
the idea of adapting rhythmic tapping to different speeds,
by the use of an old fashioned metronome, and to the
song structures to be wused in the experimental

assessments. The children were introduced to the Bongos

by demonstrating what they sounded like and how they
are played with two hands. Bongo’s were chosen instead of a drum machine
or touch sensitive electronic pads, because it was felt that the children would
be more attracted to their characteristics and they would be more familiar with
them. The children then learned to sing an introductory song — “Hello Mister
Verney”. The song was written to have simple pitch structure (based on 3
notes, C, D, E, with each of the first 3 phrases sung as six notes at each
consecutive pitch, and the final phrase sung as two notes descending down
each pitch). Every syllable matched a note in the song: “Hello Mr Verney,
Hello Mr Verney,; Hello Mr Verney, How are you today?”. The children were
given the notes to play on chime bars, identified by colour coding. After
learning “Hello Mister Verney”, they progressed to learning the same tune as
“Hello Pat the Panda”. Finally, they learned to sing the digits 123456, so that
each number (a monosyllable) matched the notes of the song (Figure 3.5.1)

A rhyming song was introduced next (see Figure 3.5.2):- Mickey the
mouse, Mickey the mouse; He plays music all round the house. Mickey the
mouse, Mickey the Mouse; He plays music inside the house. A recording of
this song was first played without words and the children were shown how to
play their mini-maracas in time to the music. The song could be repeated
many times, giving the children the opportunity to stop and start their maracas

on cues given by the researcher.
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Table 3.5.1

Musical activities used in the familiarisation pre-test sessions

Hello Mr Verney Singing Chime Bars
Tapping to Metronome Tapping Metronome
Hello Pat the Panda Singing Chime Bars
Counting to 6 Singing Chime Bars
Mickey the Mouse (a) Singing CD Track
Mickey the Mouse (b) Tapping Mini Maracas
Bye Bye Mr Verney Singing Chime Bars

Hello Pat the Panda

Figure 3.5.1
Hello Mister Verney
)
/5 — . . . | ¥ F— T T T F— T ¥ |
(o Z—1 f f f 1 f 7S - i i i - i rS |
AN — i i i - i ] | | | ] I ]
[y} 4 o 4 4 o 4 L4 [ 4 [ 4 L4 L4 o
Hel - lo Pat the Pan-da Hel - lo Pat the Pan - da,
Hel - lo Mis-ter Vern-ey Hel - lo Mis - ter  Ver - ney
1 2 3 4 5 6 1 2 3 4 5 6
0
b i ; . — T T 1|
7, f f f f —1 i & —t f T T — ¥ 1
(o —1 i i i 1 i P 1 i i i — & i |
AN i o > g = g = | | ] i
o ° o o o o = o o & & =
Hel - lo Pat the Pan - da How are you to - day.
Hel - lo Mis - ter  Vern - ey How are you to - day
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Figure 3.5.2 Mickey the mouse
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The sessions ended with a “Bye Bye Mister Verney” song using the
same tune as “Hello Mister Verney”. This time the children performed
actions to mirror the rhythm of the song — whilst sitting they tapped the floor
6 times for the first line, tapped their knees for the second line, and then
waved their hands in the air for the third line, then back to tapping on the

floor for the last line.
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3.5.2 Testing Environment

The tests were administered in two 10 — 12 minute sessions:- the first
for the bongo tapping, and the second for the singing tests. Before the
recorded tapping tests took place the child and researcher played along to a
practice piece to get relaxed and focused on the tasks (Sputnic Song).

Each music test started by looking at the picture. According to what
task was to be undertaken the tester said “Let’s play along with the elephants
marching in the jungle” or “Let’s tap along with the butterfly”. All the music
activities were designed to put the children at their ease so they would
perform at their best during the testing procedures. The cuddly toy they
brought to the testing room was used as a graphic in all the material they saw
when they were confronted with new tasks. This was incorporated into their
music ‘Bongo Phonics’ book, (appendix F) with its colourful pictures (figure
3.5.3). It was placed on a music stand in front of the children so they had
something to look at, and could turn the pages between tests. (Figures 3.5.4
and 3.5.5). This helped the testing process because, whilst the child turned
the page, the researcher could find the next test on the computer. The book
was also a barrier, preventing the child from being distracted by the computer

screen.

Figure
3.5.3

Art work
from Bongo
Phonics
Book

Figure 3.5.4 Playing the bongos
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The familiarisation pre-test music sessions allowed the children to
experience the kind of musical tasks they would encounter in the testing
protocol so they would be confident and happy to take part in the testing
procedures. The testing time for each child on all tests was generally 10 to 12
minutes per week. The testing environment was always in a room chosen by
the headteacher to conform with the schools’ policy of child protection. It
was generally in a quiet place near the classroom, to minimize time lost
between participants testing times.

In Study 1 either after or before the testing had taken place the
researcher took a 20 minute music session with the class each time he visited
the school. (Table 3.5.2)

Twelve months after the last visit to the schools (March 2009) the
children’s reading was tested using the BAS test described above. It was
completed at the same time as the children in Study 2 had completed their

post-tests so that a comparison could be made between phases.

Table 3.5.2 Study 1 Timetable commencing January 2009
Weeks Comments Test Time Music Session
1-3 A visit each week to the schools for 30 minutes
the familiarisation pre-test lessons o
4-6 Assessment Testing =2 7
Music Tapping Test 12 minutes one § = E
day T35
Singing Test 10 minutes one e 2 T
WPPSI 10 minutes one g o
day 8 ot _*g ,§
. - 7]
7-9 Pre-testing c g g =
Oral rhyme and Picture Rhyme 12 minutes one % = 605) “
day 2 g S
Word Recall and Picture Syllable 12 minutes one t 2 %
day g 2=
Oral syllable test (+catch up) 12 minutes one 'E %D g
=
day < 8 %
May BAS reading test 6 minutes one
2010 day
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Chapter 4 Results from Study 1

To compute the analyses SPSS versions 15.0 — 20.00 were used to obtain
descriptive statistics, general linear models and correlation/covariance.
Statistica was used to obtain ‘Post hoc’ group comparisons and graphic
representations.

The results from Study 1 are presented in 3 parts:-

e 41 describes the results gained from the analysis of the data
collected in both the drumming and singing entrainment tasks.

e 42 describes the correlations found between the two entrainment
tasks — drumming and singing.

e 43 describes the analysis of the music tasks and their correlation

with the psychometric and Phonological Awareness tasks.

Table 4.1.1  Participant Details

Mean (Standard
Deviations)

Chronological age (months) 59.6 (3.4)
Foundation Stage Profile (%) 44.0 (7.1)
Communication, Language & Literacy (FSP 41.4 (7.7)
subscale %)
WPPSI (standard score, mean = 100, SD 15) 103.9 (12.8)
Word Recall (standard score, mean =100, SD 15  110.9 (15.8)
BAS (standard score, mean= 100, SD 15) 111.4 (15.2)
(Taken 1 year later)
Rhyme Oral (standard score) 89.9 (13.7)

« (% score) [34.2] (22.8]
Rhyme Picture (% correct) 59.6 (28.7)
Syllable Oral (% correct) 51.6 (34.9)
Syllable Picture (% correct) 30.2 (29.0)

4.1. Results of the Entrainment Tests

Rhythmic entrainment data are presented in Tables 4.1.2 and 4.1.3 for the
metronome tasks and the beat alignment to music tasks, both of which used
tapping accuracy on Bongo drums as the dependent variable. Singing data are
presented in Table 4.1.4 for the 3 singing tasks (Singing in Time; Singing the
Rhyme, -Music; Singing the Rhyme, +Music). Any responses that were +/- 2
SD outside the mean response time for an individual child were first removed

from the data (2.7% responses removed in the rhythmic entrainment tests and
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(@)
0

4.6% responses removed in the singing tests). Performance in each task is
shown in terms of mean alignment with the beat in milliseconds. A score of 0
indicates perfect alignment. The scores shown in these tables indicate the
children’s variations from perfect alignment irrespective of whether their beat

was before or after the beat. It is a measure of inaccuracy.

Inspection of the Tables shows that more children completed the tasks and
could be given valid scores in the Singing tasks (Table 4.1.4) than in the
rhythmic entrainment tasks (Table 4.1.2) (N = the second number in square
brackets). Task scores were eliminated if more than half the data could not be
given an accurate score because the children’s performance was unreliable (see

Figure 3.2.4 where a child has multiple beats within an 10I).

Overall, the highest number of participants was in the tasks at the 500 ms

(2 Hz) rate.

Drumming to Metronome and Music

Beat alignment in the paced condition

Both the metronome task and the beat alignment with music task used
Bongo drums, so rhythmic entrainment in the two tasks was compared using a 2
x 4 (Task: Metronome, Music x Rate: 400 ms, 500 ms, 666 ms, 1000 ms)
ANOVA. Mean beat alignment in ms was the dependent variable, and missing

values in the data were replaced by median scores.

Table 4.1.2. Beat alignment in the ‘paced’ condition (mean in ms) in the rhythmic

entrainment tasks, with median in parentheses and standard deviations and total N in

square brackets.

Pulse Rate 400 ms 500 ms 666 ms 1000 ms
Beat Alignment to 91.48 85.38 122.6 189.7
Metronome (88) (81.0) (125.0) (189.0)
[31.4, 69] [36.9, 81] [49.1, 82] [82.9, 80]
Beat Alignment to Music ~ 84.1 94.3 101.7 140.5
(80.0) (95.0) (95.0) (130.0)
[33.0, 79] [42.9, 87] [43.2, 82] [61.5,57]
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(ii)

The ANOVA showed a significant main effect of Task, F(1,92) = 25.2, p<
.001, because children were significantly more accurate in the music task than
in the metronome task. There was a significant main effect of Rate, F(3,276) =
140.3, p< .001. The significant main effect of Rate was investigated using
Tukey post-hoc tests, and arose because the children were equally accurate at
the two faster speeds (400 ms, 500 ms), but then declined significantly in
accuracy for the 666 ms rate, and declined significantly again in accuracy for
the 1000 ms rate (p’s< .001). There was also a significant interaction between
Task and Rate, F(3,276) = 17.5, p< .001. Post-hoc inspection using Newman
Keuls post-hoc tests revealed that children were significantly more accurate in
the musical task than in the metronome task in entraining to the beat at all
speeds except 500 ms (p’s < .05). For the 500 ms (2 Hz) rate only, they were
more accurate in keeping the beat with the metronome than with a piece of
music. For the metronome task, they were equally accurate in keeping the beat
at the two faster speeds (400 ms, 500 ms), and were significantly more accurate
at these two speeds than at either 666 ms or 1000 ms (p’s< .001). For the music
task, they were also equally accurate at keeping the beat at 400 ms and at 500
ms, and they were significantly more accurate at these speeds than at 1000ms (p
< .001). There was no significant difference between the performance of the
children in the music tasks at 500ms and 666ms, even though the mean scores
suggested that the performance at 500ms was more accurate (500ms — 94.3 ms /

666ms — 101.7ms).

Overall the children’s rhythmic entrainment was best at 400 ms and 500
ms. Surprisingly at the 500ms rate there was no significant benefit in
terms of temporal accuracy from the richer musical experience because
at all other rates the children performed with greater accuracy when
drumming to music.

Beat alignment in the ‘unpaced’ condition

In the task reported above the children simply had to tap along with the
beat to a metronome beat or to music as it was playing - this could be described
as tapping in the ‘paced’ condition.

In the second beat alignment task the children had to continue tapping
after the metronome had stopped:- the ‘unpaced’ condition. The reason behind

this task was to see if the children had entrained to the beat and were thus able
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Table 4.1.3. Beat accuracy (mean in ms) by rhythmic entrainment task in the ‘paced

to continue tapping at the pulse rate to an internal representation of the beat they
could no longer hear.

The data recorded were collected from the last 8 beats heard (‘paced
condition’) and then the next 8 beats after the sounds stopped (‘unpaced’
condition’). In the alignment task with music the children were once again
divided into two groups and given different music at each of the 4 pulse rates to
ascertain if it was the music that caused any difference in performance rather
than the pulse rate. A One-way ANOVA showed that there was no significant
effect of different music on the children’s performance at any rates, suggesting
that any differences were due to the speed at which the music was played rather
than the music itself.

The data are presented in Table 4.1.3 and shows that at every rate the
children’s performance deteriorated as they moved from the paced to the
unpaced condition whether drumming to a metronome or to music. At every
rate the numbers of children able to participate in the task also dropped as they

moved from the ‘paced’ to the ‘unpaced’ condition.

’

and ‘unpaced’ conditions with standard deviations (italics) and total N in square

brackets
Pulse Rate 400 ms 500 ms 666 ms 1000 ms
paced unpaced paced unpaced paced unpaced paced unpaced

Beat 89.4 99.2 81.0 116.2 118.0 175.8 218.5 273.2
Alignment to  42.6 43.5 34.5 56.5 48.8 50.1 100.1 104.3
Metronome [66] [65] [72] [69] [76] [72] [65] [55]
Beat 85.5 104.6 86.0 117.0 107.8 169.6 172.3 243.3
Alignment to 34.6 43.4 39.2 48.7 43.8 58.3 59.6 80.1
Music [77] [71] [77] [72] [79] [72] [61] [48]

To compare unpaced and paced performance in the metronome task 2 x 4
(Task: paced, unpaced metronome task x Rate: 400ms, 500ms, 666ms, 1000ms)
ANOVA was carried out taking rate as the dependent variable. The ANOVA
showed a main effect of Task, F(1,32) = 125.8, p<.0001 showing that there was
a significant difference between the children’s performance as they moved from

the ‘paced’ to the ‘unpaced’ condition. The main effect of rate also was highly
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(b)

significant, F(3,96) = 18.5, p< .0001. The children found the task more difficult
as the rates got slower. At 400ms the difference in performance was 13ms, at
500ms — 40ms, at 666 -60ms, and at 1000ms it was 80ms. The interaction
between Task and Rate was also highly significant. F(3.96) = 17.5, p<.0001.

In the beat alignment to music tasks a similar picture emerged. To
compare unpaced and paced performance in the with music task a 2 x 4 (Task:
paced, unpaced with music task x Rate: 400ms, 500ms, 666ms, 1000ms)
ANOVA was carried out taking rate as the dependent variable. The ANOVA
showed a main effect of Task, F(1,30) = 119.4, p<.0001 showing that there was
again a significant difference between the children’s performance as they
moved from the ‘paced’ to the “‘unpaced’ condition. The main effect of rate also
was highly significant, F(3.90) =36.6, p<.0001. The children found this task
equally difficult as the rates got slower. At 400ms the difference in
performance was 19ms, at 500ms — 31ms, at 666 - 60 ms, and at 1000ms it was
80ms. The interaction between Task and Rate was also highly significant.

F(3.90) = 6.6 p< .0001.

Both analyses show that the children found the tasks in the ‘unpaced’
condition equally difficult in both the ‘with music’ and with the
metronome stimuli. More children were able to attempt the ‘with music’
tasks.

When I looked for correlations between the unpaced condition with both
metronome and with music I found no correlations with the Phonological
measures. For this reason and for the fact that I found it extremely difficult to
encourage the young children to carry on playing when the stimuli stopped, the
test was not thought to be appropriate for this young age of children. When a

similar test was trialled with 10 year-old children in the Thomson dyslexic trials

(2008) similar results were found.

Singing to Music

(1) For the measure of Singing in Time (to the Hello song played at
different pulse rates — see Table 4.1.4.), a one-way ANOVA was run taking
Rate as the repeated factor. Mean beat alignment in ms was the dependent

variable, and missing values in the data were replaced by median scores. The
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ANOVA showed a main effect of Rate, F(3,276) = 28.8, p< .001. Post-hoc
inspection of the means using Tukey post-hoc tests showed that children were
as accurate at singing in time at the rates of 400 ms, 500 ms and 666 ms, but

were significantly less accurate at 1000 ms than at all these other rates (p’s<

.001).

Overall, in contrast to keeping time on the Bongo drums, with their own
voices children were not only more accurate at the rates of 400 ms and
500 ms, but were also more accurate at the rate of 666 ms in comparison
to the slowest rate (1000 ms).

(i1) The two singing tasks in which the missing rhymes had to be supplied
(see Table 4.1.4) also used the child’s voice as the dependent measure, hence
singing the rhyme on time with the beat in these two tasks (-Music, +Music)
was compared using a 2 x 4 (Task: Singing the Rhyme, -Music; Singing the
Rhyme, + Music; x Rate: 400 ms, 500 ms, 666 ms, 1000 ms) ANOVA, taking
mean beat alignment in ms as the dependent variable. Missing values in the data

were again replaced by median scores.

Table 4.1.4. Beat accuracy (mean in ms) by singing task,

with median in parentheses and standard deviations and total N in square brackets

Task 400 ms 500 ms 666 ms 1000 ms
Singing in Time 68.3 72.9 66.1 106.9
(59.0) (68.0) (55.0) (104)
[39.4, 79] [32.9, 86] [37.5, 78] [52.0, 74]
Singing the Rhyme, - 87.9 69.1 81.6 90.7
Music (77.0) (60.0) (74.0) (69.5)
[45.7, 85] [33.4, 86] [39.1, 81] [71.6, 84]
Singing the Rhyme, 98.7 59.0 70.5 102.2
+Music (95.5) (54.0) (63.0) (84.0)
[60.3, 84] [30.6, 85] [34.4, 85] [59.4, 85]

The ANOVA showed a significant main effect of Rate, F(3,276) = 20.4,

p< .001. Post-hoc inspection of the means using Tukey post-hoc tests showed
that the children were best of all at singing on time with the beat for the 500 ms
pulse rate, even compared to the rate of 666 ms, p< .05. They were most
accurate next at the rate of 666 ms, for which keeping the beat was significantly

more accurate than for the slowest rate (1000 ms) and the fastest rate (400 ms,
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p’s < .001). Singing the Rhyme at the slowest (1000 ms) and fastest (400 ms)
speeds did not differ in accuracy, and children were significantly poorer at
keeping time when singing at both of these pulse rates (p’s< .001). The main
effect of Task did not reach significance, F(1,92) = 0.059,p= .80, but the
interaction between Rate and Task was significant, F(3,276) = 3.9, p< .010.
Post-hoc inspection of the interaction using Newman-Keuls post-hoc tests
showed that there were no significant differences between tasks at any rates (p =
0.2 at 400ms and 0.1 at the other rates) although there were highly significant
differences between tasks at the different rates. The post-hoc tests showed that
there were significant differences (p <.01) between the performance of the
children at the rates of 500ms and their performance at 400ms and 1000ms. The
same highly significant differences were found between the performance of the

children at 666ms and the fastest and slowest rates,

Although the post-hoc tests showed no significant differences between
tasks the scores in Table 4.1.4 give an indication of the variations of accuracy at
the different rates. For the most accurate temporal rate (500 ms), children were
more accurate at keeping the beat in the +Music condition (59 ms), where they
were singing along to rich musical accompaniment, than in the — Music
condition (voice alone, 69 ms). For the second most accurate temporal rate (666
ms), there was a difference of 11 milliseconds favouring the + music condition
(+Music, 71 ms, -Music, 82 ms)

The -Music condition was more helpful with respect to keeping time at
the very slow rate of 1000 ms (91 ms versus 102 ms), and also at the fastest
rate of 400 ms (88 ms versus 99 ms). The 500 ms (2 Hz) rate was again
the temporal rate for which rhythmic accuracy was highest. This time
however there was a benefit from a richer musical experience for both the

500 and 666 ms, as keeping the beat was significantly better at these rates
when the children were singing along to music than to a voice alone.

4.2  Study 1 Results from the Rhythmic entrainment in both
Drumming and ‘Singing in Time' Tasks Compared

If there is an underlying biological trait to entrain to a beat present in
young children, a possible hypothesis worth exploration would be that there

should be a correlation between the singing in time task and the tasks that tested
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accuracy of playing in time tapping along to the Bongo drums. Goswami,
(2011) explored this hypothesis and considered that the auditory mechanism
within the brain that searches within the Delta and Theta oscillatory networks

for beats would find them in both tasks. She states that :-

“as rhythm and meter are more overt in music than in language it might
be that remediation based on music and rhythm (ideally multi-modal) such as
matching syllable patterning to metrical structure in music (singing), and
playing instruments or moving in time with rhythms or rhythmic language (e.g.
metrical poetry), will impact phonology and language development, for example

“«“

via sub-cortical structures such as the cerebellum.

Although there are differences in the dynamics of the physical nature of
the tests, one tapping and the other singing, I worked within the parameters of
the ‘temporal sampling theory’ and sought to find relations between temporal
accuracy in the rhythmic entrainment and singing tests by computing partial
correlations between the beat alignment with music task and the Singing in
Time task, taking general cognitive ability (WPPSI) as the covariate (see Table
4.2.1). (See section 6.2. and figure 6.2.2 for further corroborative evidence for

the validity of the analysis.)

This analysis was used because correlational analyses carried out by
McAuley et al. (2006) and replicated by Corriveau (2009) showed that children
with higher nonverbal IQ could synchronize their tapping accurately to a wider
range of rates. This finding illustrates the importance of controlling for non-

verbal IQ in developmental studies of motor abilities.

I found that the beat alignment to metronome task at 500ms was
significantly correlated with 1.Q (r= - 320, p= .002) and there was near
significance for the correlation with the metronome task at 666ms ( r=-.187, p=
.072). The Singing in Time measure was close to significance when correlated
with 1.Q. for the rates of 500 ms (r=-.181, p=.083), and the beat alignment with
music task was close to significance when correlated with 1.Q. for the 666 ms
rate (= -.191, p= .067). Both the Singing in Time measure and the beat
alignment to music measure used a rich musical accompaniment to support

temporal accuracy (drumming or singing). It is theoretically important to
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compute relations with all forms rhythmic entrainment, so these correlations are

shown in Table 4.2.1.

Inspection of Table 4.2.1 reveals that in this study there were more
significant correlations when the rhythmic entrainment task involved a
rich musical accompaniment (beat alignment with music correlated with
Singing in Time) than when the entrainment task did not involve music
(the metronome measures).

There were no correlations at the 400ms rate. The accuracy of playing the
Bongo drums in time with the 666 ms rate was significantly correlated with
singing in time at 500 ms (r= .207, p= .047). Playing the drums at 666 and
1000ms rates was significantly correlated with singing in time at 666ms (1=
299, p=.004, r=.290, p=.005 respectively). For the pure measure of rhythmic
entrainment (drumming in time with the metronome), there was only 1
correlation that was significant (drumming at 666 ms and singing at 500 ms, r
=215, p=.040)

Table 4.2.1 suggests that more accurate entrainment in drumming to
music was significantly related to more accurate rthythmic embodiment
in singing, especially for the 500 ms and 666 ms singing rates (2 Hz, 1.5
Hz). Playing the drums at 666 and 1000ms rates when correlated with

singing in time at 666ms remained significant after Bonferroni
corrections for multiple comparisons (p values < .004) were applied.

Table 4.2.1. Pearsons Partial Correlations between Rhythmic

Entrainment and Singing, controlling for 1.Q.

Bongo Drum tasks Singing in Singing in Singing in Time, Singing in Time,
Time, 400 ms  Time, 500 ms 666 ms 1000 ms

Metronome 400 0.036 -0.003 0.115 -0.003

Metronome 500 0.178 -0.097 0.200 0.002

Metronome 666 0.061 0.215* 0.196 -0.006

Metronome 1000 0.138 0.060 0.160 -0.087

Music 400 0.165 0.180 0.042 -0.025

Music 500 0.089 0.119 0.163 0.002

Music 666 0.008 0.207* 0.299** 0.085

Music 1000 0.181 0.103 0.290** 0.085
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4.3

Relations between the Music and the Phonological Awareness

Tasks

Possible relations between rhythmic timing and beat alignment and
children’s performance in the phonological awareness tasks were next explored.
Performance in three of the phonological awareness tasks was significantly
correlated with 1.Q, with the picture syllable task at near significance, hence 1.Q.
was controlled using partial correlations (oral rhyme standard score and WPPSI,
r=.419, p=.000; picture rhyme and WPPSI, r= .440, p= .000; oral syllable and
WPPSI, r=.558, p=.000; and picture syllable and WPPSI, r=.207, p=.073).

Based on the ‘temporal sampling theory’ we should be able to see a
relationship between rhythmic entrainment and syllable-level entrainment in the
speech stream. It would be expected that there would be a relationship between
temporal accuracy and phonological awareness in both syllable and rhyme
linguistic levels. Relations for the rhythmic entrainment tasks (temporal
accuracy on the Bongo drums to the metronome and to music) are shown in
Table 4.3.1. Relations for the singing tasks (Singing in Time, Singing the

Rhyme with and without musical accompaniment) are shown in Table 4.3.2

Inspection of Table 4.3.1 reveals only one significant relationship for the
metronome task. Drumming at the 400 ms (2.5 Hz) rate was significantly
related to performance in the oral syllable task (r= -.240, p= .027). There was
also a very near significant relationship between the metronome 500ms task and
performance in the Oral Syllable task (r=-.212, p=.051). For the drumming to
music task, all temporal rates except the 1000ms (1Hz) rate showed significant
correlations with phonological awareness. For the 400ms (2.5Hz) rate the
significant correlations were with oral syllable awareness (r= -.281, p= .009).
For the 500ms (2. Hz) rate the significant correlations were with picture thyme
and oral syllable awareness (r= -.253, p= .020, and r= -.243, p= .025). For the
666ms (1.5 Hz) rate, significant relationships were with picture rhyme
awareness and oral syllable awareness (r= -.257, p= .018, and r= -.236, p=

.030).
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Table 4.3.1. Pearson’s Partial Correlations between Rhythmic Entrainment and
Phonological Awareness, controlling for 1.Q.
(all Phonological Awareness scores = percentages)

Bongo Drum tasks Oral Rhyme Picture Oral Syllable  Picture
Rhyme Syllable
Metronome 400 -0.020 -0.053 -0.240* 0.057
Metronome 500 -0.066 -0.052 -0.212 0.219
Metronome 666 -0.078 -0.083 -0.070 0.089
Metronome 1000 -0.126 -0.149 0.028 0.128
Music 400 -0.069 -0.172 -0.281%* -0.175
Music 500 -0.070 -0.253* -0.243* -0.087
Music 666 -0.113 -0.257* -0.236* -0.001
Music 1000 -0.113 -0.106 0.091 0.041

Overall for different measures of rhythmic entrainment (to a metronome
versus music), all the rates of greatest pulse salience (400ms, 500 ms and
666ms) showed some significant correlations with oral language processing
(phonological awareness of rhymes and syllables). The most consistent
relationships between rhythmic entrainment and phonological awareness
occurred for drumming to music at 500 ms and 666ms with only one significant

relationship with the metronome task at 500ms and the oral syllable task.

Individual differences in the temporal accuracy of entrainment, whilst
drumming, by young children in this group of participants do show some
significant connections with their phonological awareness.

For the singing measures (Singing in Time, Singing the Rhyme, see Table
4.3.2), there were no significant correlations between phonological awareness

and temporal accuracy

Even though singing is a good measure of rhythmic embodiment,
temporal accuracy in singing was not strongly related to phonological
awareness in this group of participants.

Finally, if rhythmic entrainment is related to phonological awareness, then
it should also be related to reading development, which depends in part on
phonological awareness. Partial correlations were used to assess relations
between the rhythmic entrainment measures using the Bongo drums
(metronome task, beat alignment to music) and reading ability, controlling for

cognitive ability (WPPSI score).
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Table 4.3.2. Pearson’s Partial Correlations between Singing Tasks and Phonological
Awareness, controlling for 1.Q.

(all Phonological Awareness Scores = percentages)

Singing tasks Oral Rhyme Picture Oral Syllable  Picture
Rhyme Syllable

Singing in Time, 400 0.040 -0.053 0.106 0.027

Singing in Time, 500 -0.041 -0.122 -0.100 -0.073
Singing in Time, 666 0.106 -0.098 -0.052 0.117

Singing in Time, 1000 0.007 -0.063 0.182 -0.026
Rhyme, -Music 400 -0.045 -0.107 -0.052 -0.135
Rhyme, -Music 500 0.028 -0.124 -0.074 -0.170
Rhyme, -Music 666 -0.098 -0.158 0.025 -0.135
Rhyme, -Music 1000 -0.044 -0.059 0.069 -0.012
Rhyme, +Music 400 -0.157 -0.102 -0.006 -0.113
Rhyme, +Music 500 -0.036 -0.072 -0.022 -0.091
Rhyme, +Music 666 0.089 -0.030 -0.040 0.131

Rhyme, +Music 1000 -0.041 -0.023 -0.012 -0.004

<.05, **p< .01

The children tested within this group of participants had had no formal
reading tuition, and had only had a few weeks training on letter sounds and their
correlations to the letter symbols. They were therefore tested on their reading
ability a year after the original tasks were completed. The results showed a
significant time-lagged correlation between rhythmic entrainment to the
metronome at the 666 ms rate and reading a year later, r= -.316, p= .004. The
relationship between drumming to music at the 400 ms rate and reading a year
later just missed significance, r= -.215, p= .051. When the Singing in Time to
music measure was used there was a significant time-lagged correlation

between singing in time at the 500 ms rate and reading performance a year later,

— 243, p=.027).

Rhythmic entrainment in the singing tasks is related to the development
of reading, but for the 500 ms (2 Hz) pulse rate only. Rhythmic
entrainment via drumming is also related to the development of reading,
for the rates of 666 ms (drumming to the metronome beat) and 400 ms
(drumming to music).
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Chapter 5

Results from Study 2

The experimental design for Study 2 was divided into two parts.

The experimental tasks from Study 1 were repeated. This was done to

see whether the relationships found in the first study would be replicated.

The second aim was to see whether rhythmic abilities could be improved

by training using a short musical intervention.

To explore possible

training effects a three-group study was devised. This compared the

effect of a musical intervention to a speech-based intervention and

incorporated an added control group who simply followed their normal

curriculum without any additional support.

This chapter reports the replication data.

The results in this chapter are presented in 3 parts:-

5.1
52

5.3

describes the participants and the details of the tasks

describes the results gained from the analysis of the data

collected in both the drumming and singing entrainment tasks

from Study 2

describes the analysis of the music tasks and their correlation

with the psychometric and Phonological Awareness tasks from

Study 2

(Any variations in results between the Studies are discussed in the following chapter.)

5.1. Participants and Methodology

5.1.1 Participants

Ofsted and ‘On-entry’ data for the Replacement School 7 in  Study 2

School 7 Number on roll Number in FSP FSP Comment
Reception
66 (2009) 15 42 Satisfactory

“The proportion of pupils who are identified with learning difficulties and/or
disabilities is well above average. Additionally a well above average proportion of
pupils have a statement of special educational need. ”
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The Study 2 participants came from 99 children in six of the
Northumberland First schools used in Study 1. A further school was recruited
to replace School 7 that had withdrawn from the study. This school had a
combined class of reception and 8 year-one children of lower ability. The
year one children were not tested, but took part in the preliminary musical
activities in the training programme. The reception classes in each school
varied in size from 7 children to 18. Testing commenced in November 2010.

(This explains the slight variation in age between Studies I and 2 shown

below.)
Study 1 (2009) Study 2 (2010) Full Study
Female 38 43 81
Male 55 56 111
Age in months 59.6 (S.D. 3.4) 57.3(3.5) 58.4(3.7)
Full Study total 93 99 192
5.1.2 Measures

All tests were repeated with the exception of the ‘unpaced’ beat
alignment task.
5.1.3The Preliminary Musical activities and Test Environment
These were all identical to those carried out with Study 1 (see section
3.4.1)
5.1.4. Participant Details are shown in table 5.1.1

Table 5.1.1 Participant details in Study 2

Mean (SD)

Chronological age (months) 57.3 (3.5)
Foundation Stage Profile (%) 52.1 (6.4)
Communication, Language & Literacy (FSP 43.8 (7.8)
subscale %)
WPPSI (standard score, mean = 100, SD 15) 107.4 (14.4)
Word Recall (standard score, mean = 100, SD 15  105.0 (13.4)
BAS (standard score, mean= 100, SD 15) 105.9 (13.7)
(concurrently with other post tests)
Rhyme Oral (standard score) 98.1 (11.8)

« (% score) 44.1 (21.8)
Rhyme Picture (% correct) 59.1 (31.6)
Syllable Oral (% correct) 62.2 (32.4)
Syllable Picture (% correct) 50.0 (29.2)
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5.2

Table

Results for the drumming and singing entrainment tasks in

Study 2

Beat Alignment tasks

The rhythmic entrainment data were presented in Table 5.2.1 for the
metronome task and the beat alignment to music task, both of which used
Bongo drums as the dependent variable. Singing data were presented in Table
5.2.2 (Singing in Time; Singing the Rhyme, -Music; Singing the Rhyme,
+Music). Any responses that were +/- 2 SD outside the mean
response time for an individual child were first removed from the data (2.7%
responses removed in the rhythmic entrainment tests and 4.43% responses

removed in the singing tests).

Inspection of the Tables shows once again more children contributed
scores in the Singing tasks (Table 5.2.2) than in the rhythmic
entrainment drumming tasks (Table 5.2.1). The least number of
participants to complete the task was nearly always at 1000ms (I Hz))
rate.

All of the data from Study 2 are consistent with the results found in Study
1. (See Section 6.1 for analysis data.)

5.2.1 Beat accuracy (mean in ms) by rhythmic entrainment drumming task,

with median in parentheses and standard deviations and total N in square brackets.

Pulse Rate 400 ms 500 ms 666 ms 1000 ms
Metronome 97.8 99.7 124.6 198.9
(95) (100) (126.0) (186.0)
[30.8, 82] [36.2, 87] [46.8, 85] [84.5, 75]
Beat Alignment to 85.6 86.6 110.9 168.4
Music (86.0) (86.0) (110) (169.5)
[30.3, 90] [37.9, 86] [38.8, 79] [64.1, 66]
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Table

5.2.2 Beat accuracy (mean in ms) by singing task,

with median in parentheses and standard deviations and total N in square brackets.

Task 400 ms 500 ms 666 ms 1000 ms
Singing in Time 74.3 73.5 78.0 133.1
(60.0) (66) (70) (120)
[39.4, 90] [36.9, 92] [40.6, 92] [63.9, 83]
Singing the Rhyme, - 91.7 64.8 74.6 78.9
Music (79.0) (55.5) (66.0) (71.0)
[51.8, 87] [33.5,90] [37.6, 92] [54.7,91]
Singing the Rhyme, 98.6 53.2 75.2 102.8
+Music (87.0) (49.0) (68.0) (90.5)
[58.9, 95] [28.3, 90] [40.6, 92] [52.1,92]
(a) Drumming Tasks to metronome and music

As in Study 1 the metronome task and the beat alignment with music task
used the Bongo drums. The rhythmic entrainment in the two tasks was
compared using a 2 x 4 (Task: Metronome, Music x Rate: 400 ms, 500 ms, 666
ms, 1000 ms) ANOVA. Mean beat alignment in ms was the dependent variable,
and missing values in the data were replaced by median scores. The ANOVA
showed a significant main effect of Task, F(1,98) = 48.8, p< .001, because
children were significantly more accurate in the music task than in the
metronome task overall, and a significant main effect of Rate, F(3,294) = 189.7,
p<.001. The significant main effect of Rate was investigated using Tukey post-
hoc tests, and arose because the children were equally accurate at the two faster
speeds (400 ms, 500 ms), but then declined significantly in accuracy for the 666
ms rate, and declined significantly again in accuracy for the 1000 ms rate (p’s<
.001). There was also a significant interaction between Task and Rate, F(3,294)
= 4.46, p< .004. Post-hoc inspection using Newman Keuls post-hoc tests
revealed that children were significantly more accurate in the musical task than
in the metronome task in entraining to the beat at the 666ms and 1000ms
rates(p’s < .001). For both the 400ms (2.5 Hz) and 500 ms (2 Hz) rate they were
as accurate in keeping the beat with the metronome as with a piece of music (p=
< .05). For the metronome task, they were equally accurate in keeping the beat

at the two faster speeds (400 ms, 500 ms), and were significantly more accurate
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(b)

at these two speeds than at either 666 ms or 1000 ms (p’s< .001). For the music
task, they were also equally accurate at keeping the beat at 400 ms and at 500
ms, and they were significantly more accurate at these speeds than at either 666

ms or 1000 ms (p’s<.001).

As in Study 1 the children’s rhythmic entrainment was best at 400 ms and
500 ms. At the 1000ms rate they gained most significant benefits in terms
of temporal accuracy from the richer musical experience.

Singing to Music

(1) For the measure of Singing in Time (to the Hello song played at
different pulse rates), a one-way ANOVA was run taking Rate as the repeated
factor. The ANOVA showed a main effect of Rate, F(3,294) = 44.5, p< .001.
Post-hoc inspection of the means using Tukey post-hoc tests showed that
children were as accurate at singing in time at the rates of 400 ms, 500 ms and
666 ms, but were significantly less accurate at 1000 ms than at all these other

rates (p’s<.001).

In contrast to keeping time on the Bongo drums, with their own voices
children were not only more accurate at the rates of 400 ms and 500 ms,
but were also more accurate at the rate of 666 ms in comparison to the
slowest rate (1000 ms).

(i1) The two singing tasks in which the missing rhymes had to be supplied
also used the child’s voice as the dependent measure, hence singing the rhyme
on time with the beat in these two tasks (-Music, +Music) was compared using a
2 x 4 (Task: Singing the Rhyme, -Music; Singing the Rhyme, +Music; x Rate:
400 ms, 500 ms, 666 ms, 1000 ms) ANOVA, taking mean beat alignment in ms
as the dependent variable. Missing values in the data were again replaced by
median scores. The ANOVA showed a significant main effect of Rate, F(3, 294)
= 28.9, p< .001. This arose because the children were best of all at singing on
time with the beat for the 500 ms pulse rate, even compared to the rate of 666
ms, p< .001. They were most accurate next at the rate of 666 ms, for which
keeping the beat was significantly more accurate than for the slowest rate (1000

ms) and the fastest rate (400 ms, p’s < .001). Singing the Rhyme at the slowest
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(c)

(1000 ms) and fastest (400 ms) speeds did not differ in accuracy, and children
were significantly poorer at keeping time when singing at both of these pulse
rates (p’s< .001). The main effect of Task did not reach significance, F(1,98) =
3.4, p = 0.07) but the interaction between Rate and Task was highly significant,
F(3,294) = 6.3, p< .001. Post-hoc inspection of the interaction using Newman-
Keuls post-hoc tests showed that for the most accurate temporal rate (500 ms),
there was no significant difference when the children were keeping the beat in
the +Music condition (53 ms). When they were singing along to rich musical
accompaniment, compared to the —Music condition (voice alone, 65 ms, p<
.06). For the second most accurate temporal rate (666 ms), keeping to the beat
was equivalent across the two conditions (+Music, 75 ms, -Music, 75 ms, p =
1.0). The -Music condition was more helpful with respect to keeping time at the
very slow rate of 1000 ms (96 ms versus 103 ms, p< .001), and also at the

fastest rate of 400 ms (92 ms versus 99 ms, p<0.1).

In this group of participants the 500 ms (2 Hz) rate was again the
temporal rate for which rhythmic accuracy was highest whilst the
children sang. This time however there was a benefit from a richer
musical experience for the most accurate speed (500 ms), as keeping the
beat was significantly better at this rate when the children were singing
along to music than to a voice alone.

Rhythmic entrainment in both Drumming and ‘Singing in Time’
Compared

If a general rhythmic embodiment is present in these young children, then
the accuracy of singing in time should be correlated with the accuracy of
playing the Bongo drums in time. Relations between temporal accuracy in the
rhythmic entrainment and singing tests were explored by computing partial
correlations between the beat alignment with music task and the Singing in
Time task, taking general cognitive ability (WPPSI) as the covariate (see Table
5.2.1). This was done because the Singing in Time measure was significantly
correlated with 1.Q. for the rates of 400 ms (r= -.291**, p=.004), and the beat
alignment with music task approached significance when correlated with 1.Q.
for the 500 ms rate (r= -.183, p= .069). The metronome task was not

significantly correlated with 1.Q. at any rate. Both the Singing in Time measure
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and the beat alignment to music measure used a rich musical accompaniment to
support temporal accuracy (drumming or singing). As it is theoretically
important to also compute relations with pure rhythmic entrainment (the

metronome task), these correlations are also shown in Table 5.2.3.

Table 5.2.3  Pearsons Partial Correlations between Rhythmic Entrainment and

Singing, controlling for 1.Q.

Bongo Drum tasks  Singing in Singing in Singing in Singing in
Time, 400 ms Time, 500 ms  Time, 666 ms  Time, 1000 ms
Metronome 400 -0.055 0.162 0.163 0.202*
Metronome 500 0.085 0.116 0.160 0.133
Metronome 666 0.176 0.157 0.038 0.181
(p=0.075)
Metronome 1000 0.245%* 0.091 0.083 0.216*
Music 400 0.178 0.242%* 0.157 0.142
Music 500 0.080 0.344** 0.189 0.114
(p=0.062)
Music 666 0.106 0.135 0.272%* 0.107
Music 1000 0.084 -0.002 0.044 0.145

Inspection of Table 5.2.3 reveals that there were more highly significant
correlations when the rhythmic entrainment task involved a rich musical
accompaniment (beat alignment with music correlated with Singing in
Time) than when the entrainment task did not involve music (the
metronome measures). The accuracy of playing the Bongo drums with
music at both the 400ms and 500 ms rates was significantly correlated
with singing in time at the 500 ms rate (r= .242, p= .015; and r= .344, p=
.003 respectively).

Drumming with Music at the 666 ms rate (r= .272, p= .007) correlated
with singing at 666 ms. There was also a near significant correlation between
drumming accuracy at 500ms and Singing in Time at 666 ms (r= .189 p=.062).
For the pure measure of rhythmic entrainment (drumming in time with the
metronome), there were significant correlations between Singing in Time at

1000ms and the metronome tasks at 400 and 1000ms (r= 0.202, p= .046 and r=
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216, p= .033 respectively) and a near significant correlation with the 666ms
metronome task (r= .181 p= .075). This is not surprising since in all tasks the
children have found this rate particularly difficult to play or sing along to and it
is notable that this rate lies at the slowest point on the region of greatest pulse
salience. There was also a significant correlation between Singing in Time at

400ms and the metronome task at 1000ms (r=.245, p=.015).

Table 5.2.3 suggests that more accurate entrainment in drumming to
music was significantly related to more accurate rthythmic embodiment
in singing, especially for the 500 ms rate (2 Hz,). This is confirmed by the
fact that none of the significant correlations in the metronome tasks
would survive Bonferroni corrections for multiple comparisons (p values
> .004). Only rhythmic entrainment to music at 500 ms and singing at 500
ms; and drumming at 666 ms and singing at 666 ms, remained
significant.

5.3  Relationships between Beat Alignment and Phonological
Awareness tasks in Study 2

I next explored possible relations between rhythmic timing and beat
alignment and children’s performance in the phonological awareness tasks.
Performance in all four of the phonological awareness tasks was significantly
correlated with 1.Q., hence 1.Q. was controlled using partial correlations (oral
rhyme standard score and WPPSI, r=.503, p= .000; picture thyme and WPPSI,
r=.279, p=.007; oral syllable and WPPSI, r= .478, p=.000; and picture syllable
and WPPSI, r= .319, p= .002). Given the hypothesised relationship between
rhythmic entrainment and syllable-level entrainment to the speech stream within
the ‘temporal sampling theory (Goswami 2011) I expected to find relations
between temporal accuracy and phonological awareness in both syllable and
rhyme linguistic levels, but within this group of participants relatively few
correlations emerged, especially in the entrainment to drumming tasks.
Relations for the rhythmic entrainment tasks (temporal accuracy on the Bongo
drums to the metronome and to music) are shown in Table 5.3.1. Relations for
the singing tasks (Singing in Time, Singing the Rhyme with and without

musical accompaniment) are shown in Table 5.3.2.
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Table 5.3.1  Pearson’s Partial Correlations between Rhythmic Entrainment and
Phonological Awareness, controlling for I1.Q.

(all Phonological Awareness Scores = percentages)

Bongo Drum tasks Oral Rhyme Picture Oral Syllable  Picture
Rhyme Syllable

Metronome 400 -0.170 -0.183 -0.067 0.125

Metronome 500 -0.008 -0.104 -0.074 -0.098
Metronome 666 -0.021 -0.042 -0.044 -0.024
Metronome 1000 -0.089 0.063 0.200 -0.038

(p=0.055)

Music 400 -0.116 -0.097 0.106 -0.059
Music 500 -0.263* -0.170 -0.092 -0.156
Music 666 -0.125 -0.155 -0.058 -0.107
Music 1000 -0.024 -0.082 0.107 0.101

*p<.05, **p<.01.

i)  Correlations between Drumming Tasks and Phonological
Awareness Tasks

Inspection of Table 5.3.1 reveals only one near significant relationship for
the metronome task. Drumming at the 1000 ms (I Hz) rate was at near
significance when related to performance in the oral syllable task (r= -.200, p=
.055). For the drumming to music task only the 500 ms (2.Hz) rate showed a
significant correlations with the Oral Rhyme phonological awareness task (r=-
263, p=0.012).

Individual differences in the temporal accuracy of entrainment by young

children show a significant correlation with the phonological awareness
Oral rhyme task and drumming to music at the 500ms (2.Hz) rate.
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ii)

Correlations between Singing Tasks and Phonological Awareness
Tasks

Table 5.3.2  Pearson’s Partial Correlations between Singing Tasks and

Phonological Awareness, controlling for I1.Q.

(all Phonological Awareness scores = percentages)

Voice tasks Oral Rhyme Picture Oral Syllable  Picture
Rhyme Syllable
Singing in Time, 400 -0.173 -0.206* -0.144 -0.182
Singing in Time, 500 -0.105 -0.046 -0.137 -0.223*
Singing in Time, 666 -0.003 -0.127 -0.207* -0.084
Singing in Time, 1000 0.047 0.042 0.035 0.055
Rhyme, -Music 400 -0.224* -0.123 -0.135 -0.040
Rhyme, -Music 500 0.029 -0.113 -0.129 -0.043
Rhyme, -Music 666 -0.091 -0.166 0.005 -0.014
Rhyme, -Music 1000 -0.170 -0.118 -0.211* -0.078
Rhyme, +Music 400 -0.127 -0.245* -0.077 -0.247*
Rhyme, +Music 500 -0.063 -0.046 -0.250* -0.041
Rhyme, +Music 666 -0.015 -0.090 -0.029 0.029
Rhyme, +Music 1000 -0.245* -0.082 -0.188 -0.091

*p<.05, **p< .01

For the singing measures (Singing in Time, Singing the Rhyme, see Table
5.3.2), there were nine significant correlations between phonological awareness
and temporal accuracy. For the Singing in Time measure, the 400 ms rate was
correlated significantly with picture rhyme awareness (r= -.206, p= .047). For
the 500ms rate there were significant correlations with the picture syllable task
(r=-.223, p=.031)). For the 666ms rate there was a significant correlation with
the oral syllable task ( r=-.207, p= .046). For the Singing the Rhyme measure,
the 400 ms rate in the -Music task was significantly correlated with oral thyme
(= -0.224, p= .034). For the 1000ms rate there was also a significant
correlation between the — Music task and oral syllable task (r=-.211, p= .042).
For the +Music task when the children sang with an accompaniment there were
significant correlations between the 400ms rate and both picture rhyme and
picture syllable tasks ( r=-.245, p=.018 and r= -.247, p= .016 respectively). At

the 500ms rate there was a significant correlation with the oral syllable task (r=
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-250, p=.020). At the 1000ms rate there was a significant correlation with +
Music and Oral Syllable (r=-245, p=.020).
Individual differences in the temporal accuracy of entrainment by young
children do show some significant correlations with the phonological

awareness tasks at all rates, particularly at the 400ms rate. However none
of the significant correlations could survive Bonferroni corrections.
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Chapter 6 Study Comparisons

6.1
(@)
0

In this chapter I compare the results in both Studies to see whether the
results were comparable, and whether the increased number of participants

(n192) gave more robust evidence to support the various hypotheses.
The chapter is divided into four sections:-

e 6.1 Compares beat alignment tasks in Studies 1 and 2
* 6.2 Compares the results of the correlations between the

entrainment tasks in Studies 1 and 2

6.3 Compares the Studies in the Psychometric tests

6.4 Compares the results of the correlations in the Psychometric

tests and their relationship with the entrainment tasks in

Studies 1 and 2.

The results in Study 2 in general closely match those found in Study 1
with a small number of differences.

To test whether these differences were significant a series of repeated

measures ANOV As were taken to compare the results from both studies.

Beat alignment - Studies 1 and 2 Tasks Compared
Study comparisons in the Drumming tasks

Drumming to metronome tasks

Rhythmic entrainment in the metronome task from both studies was
compared using a 2 X 4 (Study: 1 & 2) x metronome drumming rate: 400ms,
500ms, 666ms and 1000ms) ANOVA. Mean beat alignment in ms was the
dependent variable. The ANOVA showed no significant main effect of Study
(F(1,190) = 2.4, p< 0.13) suggesting that the children’s performance was
consistent in both studies. There was as expected a significant main effect of
rate (F (3,570) = 204.3. p = 0001) because in both studies we see the

differences in performance of the children at the different pulse rates,
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particularly as they move from 666ms to 1000ms. There was no significant

interaction between Study and Rate (F (3,570) = .475, p<.70).

Overall across all rates the repeated measures ANOVA showed that the
studies were well matched in the drumming to metronome tasks. Figure
6.1.1 gives a graphic representation of how closely the two studies of 5
year- olds were performing.

Table 6.1.1

Drumming to Metronome Tasks Study Comparisons

Scores given show the deviations from absolute synchronisation.

400ms 500ms 666ms 1000ms
Study 1 91.5 85.4 122.6 189.7
Study 2 97.8 99.7 124.6 198.9
Comparative performance in the metronome drumming tasks in Studies 1 and 2
240
Figure 6.1.1 20 |
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Rhythmic entrainment in both studies of the drumming to music task was

compared using a 2 X 4 (Study: 1 & 2 x metronome drumming rate: 400ms,

500ms, 666ms and 1000ms) ANOVA. Mean beat alignment in ms was the

dependent variable. The ANOVA showed no significant main effect of study
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(F(1,190) = 1.5, p< 0.22) suggesting once again that the children’s performance
was consistent in both studies, irrespective of stimuli. There was once again a
significant main effect of rate (F (3,570) = 162.9. p = 0001) because in both
studies we see the differences in performance of the children at the different
pulse rates, particularly as they move from 666ms to 1000ms. There was for
this task a significant interaction between Study and Rate (F (3,570) = 5.2, p<
.001). Figure 6.1.2 gives a graphic representation of how closely the two
studies of 5 year- olds were performing. Newman-Keuls post hoc tests showed
that there was a significant difference between studies only at 1000ms (p
=.001), but at the other rates there were no significant differences ( 400ms; p =

0.81: 500ms; p = 0.20: 666ms; p = 0.21).

Comparative performance in the drumming to music tasks in Studies 1 and 2
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RATE = Study 2

Table 6.1.2
Drumming to Music Tasks Study Comparisons

Scores given show the deviations from absolute synchronisation.

400ms 500ms 666ms 1000ms
Study 1 84.1 943 101.7 140.5
Study 2 85.6 86.6 110.9 168.4

Overall across all rates, except at 1000ms the repeated measures ANOVA
showed that the studies were well matched in the drumming to music
tasks (see Table 6.1.2. ). Figure 6.1.2 gives a graphic representation of
how closely the two studies of 5 year- olds were performing.
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(b) Study Comparison in the Singing Tasks

In the singing tasks there were also small differences in the studies
performances but the overall trends were consistent.

(i) Singing in Time Tasks

Rhythmic synchronisation in both studies for the singing in time to music task
were compared using a 2 x 4 (Study: 1 & 2 x singing : 400ms, 500ms, 666ms
and 1000ms) ANOVA. Mean beat alignment in ms was the dependent variable.
The ANOVA showed a significant main effect of Study (F(1,190) = 8.2, p<
0.005 and a highly significant main effect of rate (F(3,570) = 71.7, p< .0001
because in both studies we see that there were differences in performance of the

children at the different pulse rates.

There was a significant interaction between Study and Rate (F (3,570) =
2.7, p< .05). Figure 6.1.3 gives a graphic representation of how closely the two
studies were matched in rate but also that there were differences in the children’s

performances between studies.
Even though the children’s performance at the 400, 500 and 666 ms rates
were consistent with only small variations in their accuracy from

synchronisation with the beat, their performances changed significantly
as they attempted the singing in time at the 1000ms rate.

This was confirmed in the Newman-Keuls test, where there was a
significant difference between the studies at the 1000ms rate (p < .0001). (See
also Table 6.1.3)

Comparative performance in the singing tasks in Studies 1 and 2

240

Figure 6.1.3 220

Studies I and 2 200

compared Singing in

Time tasks 180
é 160
% 140

120

100

80

60

SinginTime400 SinginTime666
SinginTime500 SinginTime 1000

RATE



Table 6.1.3

Singing in Time Study Comparisons

Scores given show the deviations from absolute synchronisation.

400ms 500ms 666ms 1000ms
Study 1 68.3 72.9 66.1 106.9
Study 2 74.3 73.5 78 133

(ii) Singing the Rhyme Tasks-Music

Performance in the Rhyme Tasks without music measures were compared

using a 2x4 (Study: 1 & 2) x rate (singing the rhyme without music): 400ms,
500ms, 666ms and 1000ms) ANOVA. Mean beat alignment in ms was the

dependent variable. The ANOVA showed no significant main effect of Study
(F(1,190) = 1.34, p< .0.25). It did show a significant main effect of rate
(F(3,570) = 9.8, p< .0001 because in both studies the children could better

entrain to some rates than others.

The children performed most accurately at the 500 ms rate in both studies
in the singing the rhyme task — music.

Surprisingly the 400ms rate was more inaccurate than in the drumming and

Singing in Time entrainment tasks. There was no significant interaction between

Study and Rate: F (3.570) = 0.84, p< .47.

Figure 6.1.4
Phase I and 2 studies
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Table 6.1.4
Singing the Rhyme — Music Study Comparisons

Scores given show the deviations from absolute synchronisation

400ms 500ms 666 ms 1000ms
Study 1 87.9 69.1 81.6 90.7
Study 2 91.7 64.8 74.6 78.9

Graphic representations are shown in Figure 6.1.4. and

synchronisation scores in Table 6.1.4.

(iii) Singing the Rhyme Tasks+Music

Performance in the Rhyme Tasks with music measures were compared
using a 2x4 (Study: 1 & 2) x rate (singing the rthyme+ music): 400ms, 500ms,
666ms and 1000ms) ANOVA. Mean beat alignment in ms was the dependent
variable. The ANOVA did not show a significant main effect of study (F(1,190)
= 0.001, p< .975). The groups were very evenly matched. It did show a
significant main effect of rate (F(3,570) = 49.2, p< .0001) because in both

studies the children could better entrain to some rates than others.

The children performed most accurately at the 500 ms rate in both studies
in the singing the rhyme task with music.

Once again the 400ms rate was more inaccurate than in the drumming and
Singing in Time tasks. There was no significant interaction between Study and

Rate: F (3.570) = .43, p<.74.

Figure 6.1.5 gives a graphic representation of the study differences and Table

6.1.4 shows the scores.
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Table 6.1.5
Singing the Rhyme + Music Study Comparisons

Scores given show the deviations from absolute synchronisation.

400ms 500ms 666ms 1000ms
Study 1 98.7 59.0 70.5 102.2
Study 2 98.6 53.2 75.2 102.8

A further Repeated Measures (Study: 1 & 2 x Task: Music + and — Music
x rate: 400ms, 500ms, 666ms and 1000ms) ANOVA was computed to analyse

the impact of both rhyme tasks (With and without Music) within both studies. It
showed no main effect of Study (F(1,190) = 2.1, p< .153). There was a highly
significant main effect of Rate (F(3,570) = 48.2, p< .0001). There was no
significant interaction of Study and Rate (F(3,570) = 0.733, p<.53). (F(1,190) =

0.001, p<.975).

In all of these entrainment tasks, both drumming and singing the
two studies show considerable similarity. The graphic
representations in particular show that despite some small
differences, which one would expect in any groups of young
children, the major trends across studies were consistent.

In the drumming tasks the children performed more inaccurately
at the slower rates (666ms and 1000ms rates) and became
increasingly inaccurate at the slowest rate of 1000ms.

In both the Rhyme Tasks with and without music the children
favoured the 500ms rate. They found both the fastest rate (400ms)
and the slowest rate (1000ms) most difficult to fit their rhyming
words to the exact musical beat.
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6.2

Rhythmic entrainment in both Drumming and Singing in Time

Studies 1 and 2 Tasks Compared

Table 6.2.1 shows that there were many differences in performance
between studies. The only consistent correlation was for drumming with music

and Singing in Time at 666ms.

Table 6.2.1  Pearsons Partial Correlations between Rhythmic Entrainment and

Singing, controlling for 1.Q — comparing Study 1 and 2 data.

Bongo Drum Singing in Time, Singing in Time, Singing in Time, Singing in Time,
tasks 400 ms 500 ms 666 ms 1000 ms
Study Study Study Study Study Study Study Study
1 2 1 2 1 2 1 2
Met 400
Met 500
Met 666 0.215*
Met 1000 0.245* 0.216*
Mus 400 0.242%*
Mus 500 0.344**
Mus 666 0.207* 0.299**  0.272%%*
Mus 1000 0.290**

The table however confirms that for these combined correlations there
were more significant correlations that could stand up to Bonferroni corrections
for multiple comparisons (those scores with **) between the tapping to music
and singing in time. This could be expected as the Singing in Time Tasks are
with musical accompaniment. There are more significant correlations at the
rates of 500 and 666ms. This compares exactly with the Singing the Rhyme
tasks.

Because there seemed to be unexpected differences between the two
studies it was appropriate to look to see whether these inconsistencies were in
evidence when looking at the full study (Table 6.2.2). However the results
confirm the general trend seen in both Studies 1 and 2, with far more significant
correlations in evidence between the Singing in Time Tasks and the Drumming

to Music Tasks.
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The correlations in the Full Study of 192 children show a stronger
preference between Singing in Time at 500ms with highly significant
correlations at 400ms and 500ms drumming to music tasks.

In the full study we do see that Singing in Time at 400ms and Drumming
with the metronome at 1000ms, and also Singing in Time at 666ms with the
metronome at 500ms will stand Bonferroni comparisons, which is unlike the

correlations found in either Studies 1 or 2.

Table 6.2.2  Pearsons Partial Correlations between Rhythmic Entrainment and

Singing, controlling for 1.Q — in the combined studies ( Full Study)

Bongo Drum Singing in Time, Singing in Time, Singing in Time, Singing in Time,
tasks
400 ms 500 ms 666 ms 1000 ms
Full Study Full Study Full Study Full Study
Met 400 A51*  (p=0.037)
Met 500 .198** (p=0.006)
Met 666 .185* (p=0.006)
Met 1000 .199** (p=0.006)
Mus 400 .176* (p=0.015) .122** (p=0.003)
Mus 500 .226** (p=0.002) .160* (p=0.027)
Mus 666 172*%  (p=0.017) .293** (p=0.001)
Mus 1000 A71*  (p=0.018)

Before I compare the results between studies in the correlations between
beat alignments and the psychometric measures it is first necessary to compare

the results of the children’s performances in the psychometric tests.
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6.3 Study Comparisons in the Psychometric Tests

6.3.1 Psychometric Measures compared in Studies 1 and 2

Performances in the Psychometric measures were compared using a 2 x 5
(Study: 1 & 2) x Psychometric tasks: (CLL, FSP, WPPSI, Word Recall and
BAS) ANOVA with repeated measures of task. The Psychometric tasks were
the dependent variable. The ANOVA showed that there was no significant
main effect of Study (F(1.180) = 0.17, p< .68). There was a significant main
effect of task (F (4,720) = 2158.5, p< .0001). The Interaction Task*Study was
also highly significant (F (4,720) = 17.19, p = 0001). A graphic representation is

shown in figure 6.3.1.

Psychometric Measures in Studies 1 and 2.
CLL and FSP scores are percentages
WP {PSI, Word Recall and BAS are standardised
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Table 6.3.1
Psychometric Measures Comparisons in Studies I and 2
CLL FSP WPPSI Word BAS
Recall
Study 1 414 44.0 103.9 110.9 111.4
Study 2 43.8 52.1 107.4 105.0 105.9

151



Newman Keuls post-hoc tests confirmed that there were significant
differences between the tasks for the two studies:- FSP — p= .0001, Word
Recall — p <.004, and BAS — p=.01. The C.L.L and WPPSI tests showed no

significant differences p <0.22 and p <0.15. respectively.

The difference in scores in the BAS reading test could be ascribed to the
fact that the children in Study 1 took this test one year after completion of the

other tasks.

6.3.2  Phonological Awareness Measures compared in Studies 1
and 2

Performance in the Phonological Awareness measures were compared
using a 2x4 (Study: 1 & 2 x Phonological Awareness Tasks: (Oral and Picture
Rhyme, Oral and Picture Syllable) ANOVA with repeated measures of task.
The P.A measures were the dependent variable. All scores were adjusted to
percentages. The ANOVA showed a significant main effect of Study (F(1.34)
= 4.3, p< .04). There was also a significant main effect of task (F (3.402) =
47.8, p< .0001). In the interaction between Study*Task there was a highly
significant effect (F(3.402) = 7.7, p<.0001).

Newman-Keuls post-hoc comparison tests showed a significant
difference between the studies in the picture syllable test :- p <.0001. The
other tests showed no significant differences between studies. (See table 6.3.2.

for scores). A graphic representation is shown in figure 6.3.2

Comparisons of Phonological Measures in Studies 1 and 2.
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Table 6.3.2

P.A.Measures Comparisons in Studies 1 and 2

Oral Picture Oral Picture
Rhyme % Rhyme Syllable Syllable
% % %
Study 1 342 59.6 51.6 30.2
Study 2 44.1 59.1 62.2 50.0

I can only speculate that the teaching of letter sounds had become
more rigorous between the two years, and very little attention was given
to dividing a word into its syllable components’ hence the great change

between scores between studies.

6.4  Relationships between Beat Alignment and Phonological
Awareness tasks. Studies 1 and 2 Tasks Compared

(i) Drumming Tasks

The comparisons between the two studies in the drumming tasks do show
some differences. Table 6.4.1 shows that in Study 1 there were 4 correlations,
all between drumming and the Oral Syllable phonological awareness task, but in
Study 2 there was only one significant correlation between the Oral Rhyme task
and the drumming to music task at 500ms. In Study 2 the correlation between
the Oral Rhyme Task and the drumming to Music at 400ms was highly

significant and could survive a Bonferroni multiple comparison correction.
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Table 6.4.1

Pearson’s Partial Correlations between Rhythmic Entrainment in the

drumming tasks and Phonological Awareness, controlling for I.Q comparing Studies

1 and?2

(all Phonological Awareness Scores = percentages)

Bongo Drum
tasks

Oral Rhyme

Picture Rhyme

Oral Syllable

Picture Syllable

Study
1

Study Study
2 1

Study
2 1

Study

Study Study Study
2 1 2

Met 400
Met 500
Met 666
Met 1000

-0.24*

0.2
(p=0.06)

Mus 400
Mus 500
Mus 666
Mus 1000

-0.26*

-0.28%*
-0.24*
-0.27*

Although these correlations do show some relationships between the

drumming tasks and phonological awareness the differences between the studies

was unexpected since I only found comparable results between the two studies

in the Oral Syllable test. Table 6.4.2 show the correlations in the full study.

Table 6.4.2

Pearson’s Partial Correlations between Rhythmic Entrainment in the

Drumming Tasks and Phonological Awareness, controlling for 1.Q in the Full Study

Bongo Drum Oral Rhyme Picture Rhyme Oral Syllable Picture Syllable
tasks
Full Study Full Study Full Study Full Study
Met 400 .149*  (p=0.045)
Met 500
Met 666
Met 1000
Mus 400
Mus 500 .184* (p=0.02) .199** (p=0.008) .162* (p=0.030)
Mus 666 .210** (p=0.005) -136 (p=.07)
Mus 1000
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ii)

In Table 6.4.2 one can now see that in the full study more correlations
emerge. There are significant relationships between the drumming tasks with all
Phonological Tasks except the Picture Syllable task. However there was a near
significant correlation between the Drumming Task at 500ms and the Picture

Syllable Task (p=.07).

Significantly all but one of the correlations are with the drumming to
music tasks. Only the correlations between the Picture Rhyme tasks and

Drumming to Music at 500 and 666ms could survive Bonferroni corrections.

Singing Tasks

If the ‘temporal sampling theory’ (Goswami 2011) is correct and singing
is a good measure of rhythmic embodiment then temporal accuracy whilst
singing should be related to phonological awareness. In Study 1 we found no
correlations but in Study 2 more relationships emerged, although none were

strong enough to survive Bonferroni corrections (Table 6.4.3).

Table 6.4.3  Pearson’s Partial Correlations between Rhythmic Entrainment in the

Singing Tasks and Phonological Awareness, controlling for 1.Q in Studies 1 and 2

Voice tasks

Oral Rhyme Picture Rhyme

Oral Syllable Picture Syllable

Study Study Study Study
1 2 1 2

Study Study Study Study 2
1 2 1

Singing In
Time 400ms
SIT 500ms
SIT 666ms
SIT 1000ms

-0.21*

-0.223*
-0.207*

Rhyme -
Music 400
R-M 500
R-M 666
R-M 1000

-0.224*

-0.211*

Rhyme +

Music 400
R+M 500
R+M 666
R+M 1000

-0.245%*

-0.245*

-0.247*

-0.250*
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When one combines the scores from both Studies one can perhaps see a
more accurate picture of the analysis. The results are shown in Table 6.4.4. It is
interesting to note that for these correlations the significant scores are in both
Picture Rhyme and Syllable tasks. This task in particular shows that the
adapted picture Phonological Awareness tasks are especially useful with this
age of young children, and give positive grounds for their inclusion in the

testing protocol.

Table 6.4.4 Pearson’s Partial Correlations between Rhythmic Entrainment
in the Singing Tasks and Phonological Awareness, controlling for 1.Q in the
Full Study.

Voice tasks Oral Rhyme Picture Rhyme Oral Syllable Picture Syllable

Singing In Time Full Study Full Study Full Study Full Study

SIT 400ms
SIT 500ms
SIT 666ms
SIT 1000ms

Rhyme - Music

R-M 400
R-M 500

R-M 666 0.147* (p=0.05)
R-M 1000

Rhyme + Music

R+M 400 0.179* (p=0.017) -0.184* (p=016)
R+M 500

R+M 666

R+M 1000

Finally, if rhythmic entrainment is related to phonological awareness, then
it should also be related to reading development, which depends in part on
phonological awareness. Partial correlations were used to assess relations
between the rhythmic entrainment measures using the Bongo drums
(metronome task, beat alignment to music) and reading ability, controlling for

cognitive ability (WPPSI score). In Study 2 there were no significant
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relationships for the cross-sectional correlations. The children had received no

formal reading tuition at the time of testing.

The Study 1 children were given the BAS test a year after they had been

tested in other tasks.

In Study 1 I found a highly significant relationship

between the Drumming to Metronome task at 666ms and the Reading Test.

There was a near significant relationship between the Drumming to Music at

400ms.

Table 6.4.5

Pearson’s Partial Correlations between Rhythmic Entrainment

and the BAS word reading test controlling for 1.Q in the Full Study.

Bongo Drum tasks BAS
Studyl Study 2
Met 400
Met 500
Met 666

Met 1000

-316** (p=0.004)

Mus 400 -.215
Mus 500

Mus 666

Mus 1000

(p=0.051)

Singing In time

400 -.248* (p=0.018)
500

666 -.224%* (p=0.033)
1000

Rhyme - Music
400

500

666

1000

Rhyme + Music

400

500 -.209* (p=0.047)
666

1000

Full Study

-.158* (p=0.034)

-.176* (p= 0.018)

-.164* (p= 0.028)

Of interest is that in the Singing tasks a near reverse result was found.

There were no significant results in the drumming tasks, but several in the
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Singing Tasks. In the Singing in Time task (the only singing measure that was
based on temporal accuracy across several beats) I found significant correlations
at both the 400 and 666ms rates respectively. 1 also found a significant
correlation in the singing with music task at the 500ms rate.

Although some further correlations were found in the full study, they
cannot be viewed as significant in the overall context, because the children from

both studies were different in age and experience.
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Chapter 7 A circular statistical analysis of the entrainment to

drumming tasks in the full study

In the final section of Chapter 6 when relationships were analysed
between the entrainment, psychometric and phonological awareness tasks it is
possible to see that by looking at the full study analysis a new perspective
could be gained on the children’s performance because the study size was
enlarged. In the drumming entrainment tasks there was little change between
the studies, and yet by reviewing the data using a different statistical model
one can add weight to the gathered data. The model chosen for verification of
the validity of the previous analyses was one that used ‘circular statistical

analysis’ for the reasons outlined in the Kirschner and Tomesello paper of

2009.%

7.1. Circular Statistics

In Chapter 2, Figure 2.3.2, I gave an example of a circular statistical
representation of entrainment between two players of Indian music (Clayton,
2012). This statistical method gives a representation of the accuracy of
synchronisation when, in this case, two people play together, even if the beat
is not isochronous. Both players were able to perceive a shared beat rate, and
even though there were inconsistencies in their ability to keep to this beat,
they still could play together because the degree of error was within very few

milliseconds. Tomasello and colleagues (2005) supposed that humans have a

3 “The standard method to assess the degree of synchronization during

tapping experiments is to align the stimulus and response sequences on a linear
time scale, take the relative deviation or asynchrony of each response tap from
the corresponding metronome click, and finally calculate the mean and
variance of all asynchronies per trial. Because it was not straightforward to
associate the children’s taps with the stimulus beats on a one-to-one basis as is
required in linear statistics, we chose circular statistics as the appropriate
method to calculate mean and variance of the asynchronies” Kirschner and

Tomasello (2009)
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species-unique motivation to move in synchrony with each other. In their
research with young children they found that a 4.5 year-old child has an
ability to synchronise with another player nearly as accurately as an adult — eg
within 10 to 100 milliseconds of the beat at a rate of 600ms (2009). They also
found that the speed at which the children tapped was also critical for
improved synchronisation. Their trials were tested at IOI’s of 400 and 600ms.
At the slower speed the children anticipated the beat and at the quicker speed
they delayed their responses. This is consistent with the adult literature
(Large and Jones, 1999; Rep 2005).

(See Figure 3.2.7 for the Audacity representation of an anticipated
tapping response.)

A circular statistical analysis calculates a mean or median score from the
wide variations of asynchrony from a series of Inter Stimulus Intervals (ISI).
(Fisher, 1993; Mardia & Jupp, 2000; Zar, 1999 and Large and Palmer 2002).
The series of a group or ISI’s is termed a ‘phase’, and in this study all of the
phases consisted of 16 beats. If the children tap in total synchronisation, they
are ‘in phase’, and if there are errors they are ‘out of phase’.

To analyse the children’s synchronisation using circular statistics, ideally
you would create an environment where you can gain very clear signals from
the children’s recording. This is best done in laboratory settings using a
mixer desk that can separate the master and children’s recording (Kirschner
and Tomasello 2009). It is less easy to gain clear data from recordings made
in a wide variety of changing classroom settings where set-up time is
extremely limited and space for complicated and well controlled microphone

positions is nearly impossible
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Table 7.1.1 showing the change of score when the mean score is calculated from
the data taking into account whether the beat is anticipated or delayed (+ and —)

Scores are calculated from a trial of 16 beats.

Beats Gross error from Error showing anticipation
point of or delay from the point of
synchronization in synchronisation
ms

1 8 -8 - = anticipation

2 56 -56

3 49 -49

4 38 -38

5 1 +1 + = delay

6 24 -24

7 14 +14

8 32 +32

9 8 +8

10 16 -16

11 33 -33

12 75 -75

13 24 +24

14 30 -30

15 38 -38

16 32 -32

Mean 30 -20

(On several occasions in the school settings used in this research it was
necessary to change rooms many times during a session due to prior or
unexpected requirements by the school.’®). However conversion of the data
from linear to circular is possible. In Table 7.1.1 the original data from a
child’s performance in a given drumming task is shown. In the first row the
gross error is given, irrespective of whether the child anticipates or delays
their response. This was the method employed to find the error scores, which
could be used and correlated with the psychometric, and phonological

measures reported in the Results sections above.

After re-analysing the data one can convert the children’s responses
showing both anticipatory or delayed scores in milliseconds. The final mean
scores in Table 7.1.1 show the difference in error scores between the two

calculations. When one accounts for the anticipation and delay we see that

*® The schools in this research are very small, and I often had to use the headteacher’s study to record
since this was the only available quiet space. However any unexpected change in the school routine
would mean I couldn’t use the room. A staff room was often used, and at every break-time the room
had to be tidied of equipment from the desks to allow for coffee and staff conversation.
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the final mean score is less in the second calculation. This trend is usually
found in circular statistical analyses, in comparison to linear analyses. After
re-configuring the data from the original scores into scores showing whether
the children anticipated or delayed their responses the new data can be used in

a circular statistical analysis.

Circular statistics then transforms each inter-
arc length = radius

stimulus interval (ISI) into a unit circle, with the
stimulus aligned at 0 radians. The data are converted
from the linear beat alignment response time scores
into radii or radians to give a new score that can be /\

represented on the circumference of a circle. This is © radius

done by converting the positive (delay) or negative (anticipating the beat)
scores by the length of each beat and multiplying it by 360.
(100 + 400 x 360 =90)
For example:-
* The pulse rate has an ISI of 400ms.
* The participant taps 100ms after the beat
* This score is then converted into degrees (90°) degrees.
* Because the circumference of the circle is taken to be 2 radians

then this response will be 0.5 radian.

The greatest asynchrony is calculated as 180 degrees from the point of
accuracy (0 degrees). Therefore 359 degrees and 1 degree are very close to

accuracy (see Figure 7.1.1).

If the participant anticipates the beat then the position on the

circumference of the circle will be 360°— 90 = 270"
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Figure 7.1.1

A circular
statistical diagram
showing a positive
and negative
response time of
100ms in a 400ms
trial is converted to
900 before and
after the beat (X)

270° 90°

Using a circle to plot
coordinates follows the
convention of Fisher (1993)
and Zar (1999). The radius
is standardized to 1.

180°
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From the tapping responses one can calculate the ‘mean vector rate’. This
has two non-parametric components, the mean direction @, which is
analogous to the mean asynchrony, and R, the mean resultant length. R
always varies between 0 and 1 and is inversely related to variance in
asychronies. An R of 1 implies that responses are always in perfect
synchrony.

The mean resultant length R therefore shows how accurately the
participant tapped over the musical phrase (in this case 16 beats in length) as
the music went on when neutralising whether the child anticipated or
followed the beat, and one can see whether there was an improvement or loss
of accuracy within the task. Figure 7.1.2 gives a linear representation of a
circular statistical analysis showing the mean performance of the participants
in the Full Sample tapping to a metronome at 500ms. The chart shows that at
the beginning of the trial the participants start by tapping after the beat, but as
the trial progresses they begin to anticipate the beat. At this pulse rate there is

accurate entrainment to the metronome with less than 3 degrees variation.

'«E Statistical Analysis of Pre-Test Music Task 5 - Full Study
£
Figure 7.1.2 9
g 5
A linear S 0.4 §
. L —
repres'entatzon = 0 =500mus Task 5
of a circular e~ g
Pt 4 02 =2
statistical ° =
. ==}
phasg analysis % BN - m
showing the @ 0 PN
participants = 1 2 3 4 5 6 7 %' 9 10 W 12 _i8~i4-15"16 1\
performance in | E 0.2 U — perfect
relation to zero % I — bertee
2 temporal
over 16 data § p alignment
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<
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Figure 7.1.3

A circular
statistical analysis
showing the linear
data below on a
circle.

The dots represent

Points %

. Response taps
o Mean vector R

] Mean direction “theta”

points land 16 R Mean resultant length
. . . R t

shown in the linear esponse taps

diagram. o Mean vector R

] Mean direction “theta”
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7.2

Figure 7.1.3 shows how the linear data are transformed into data points
on a circle. The diagram also shows how accurate the child performs by the
angle and length of the arrow R. The length and position of the arrow
summarizes the child’s performance during the task (i.e over 16 beats). The
direction of R gives a graphic representation of the mean direction @ (theta)
of all response beats, equivalent to the mean asynchrony in linear statistics.
The length of R termed mean resultant length R, goes from 0 to 1 and is an
inverse measure for the variance of asynchronies during that particular task;
the higher the R, the smaller the variance of asynchronies, indicating higher
synchronization accuracy. To simplify understanding both circular and linear

representation is given in Figure 7.1.3.

Results of the beat alignment tasks compared in both linear and

circular statistical analyses

In this thesis data to be converted into a circular statistical analysis
could only be taken from the drumming tasks to metronome and music
because it was only in these tasks that sufficient data (16 beats) were
collected from the children’s responses.  In the singing tasks the analysis
was only on specific data points where synchronisation (beat alignment) was
measured against a small number of data points related to syllables or
rhymes within the phrase of music so no analysis of entrainment was
possible.

First an analysis of the data from the full study using the anticipation and
delayed error alignment scores (Table 7.2.1.) is given and then compared to the

results found in the circular statistical analysis. (Table 7.2.2).

Full study data analysis using a linear statistical method

The analysis using the reconfigured mean scores from the original data,
taking into account anticipation or delay in response, is directly in line with
expectations provided by data in both Studies 1 and 2. A One-way ANOVA
was computed from the metronome and music scores shown in Table 7.2.1 to
see whether there were any differences between performance between the
metronome and music tasks at the 4 rates in comparison to previous analysis. In

line with expectations the results confirm that there were statistical differences
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at the rates of 400 and 500ms and as the pulse rates become slower the
children’s performance becomes more predictable — eg they perform with
greater inaccuracy. The graphic representation in Figure 7.2.1 shows
immediately that there is a larger deviation from the pulse point:- re-
synchronisation in both the metronome and music tasks as the pulse rate
becomes slower This new analysis however shows that the children are more
accurate when drumming to the metronome at the quicker rates (400 and
500ms) than when they drum to music, but more accurate at the slower rates
when the pulse rates are supported by music. The accuracy across phase in the
drumming to metronome task at 400ms was only 1 millisecond from absolute

synchronisation (Table 7.2.1).

The visual representations in Figures 7.2.1 emphasise the differences.

Table 7.2.1.
Comparisons between phase accuracy tasks in the full study (mean in ms) drumming

tasks, with standard deviations and total N in square brackets.

Pulse Rate 400 ms 500 ms 666 ms 1000 ms
Linear phase analysis 1.0 6.6 -32.2 -40.4
Alignment to Metronome [62.5, 163] [70.6, 184] [87.3,177] [141.4, 165]
scores
(before and after the beat)
16.8 20.3 -22.4 -34.8
Alignment to Music [52.1,174] [69.0,179] [74.2,170] [103.1, 134]
One-way ANOVA F(1,334)=6.77, F(1,360)=3.79, F(1,344)=1.3 F(1,296)=1.9
p=10.01 p=0.05 p=03 p=0.7
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Figure 7.2.1

Full study drumming data using linear methods - showing
asynchronisation net error scores

30
20
10

-10 e=(msmetronome

-20 e music
-30

-40

Asynchronisation in milliseconds

-50

Pulse rates
400ms 500ms 666ms 1000ms

Because I am using data collected in a linear fashion I can correlate these

scores with the Phonological measures.

Pearson’s bivariate correlations show significant positive correlations
only at the pulse rate of 500ms in the metronome tasks.
There was a significant correlation between this rate and Oral Rhyme task
(r =0.291, N = 155, p = 0.0001) and a significant correlation with the Oral
Syllable task (r=192, N =173,p=011).

(b) Full study data converted to mean vector rates for analysis using a

circular statistical method

After the data were converted into the mean vector rates the analysis shows a
slight difference from previous results. The graphic representation in Figure 7.2.2
shows that the trends seen in Figure 7.2.1 are replicated, particularly at the rates of
500 and 666ms. There are slight differences at the 400ms and 1000ms rates. Note that
the graphic representation shows particularly large variations between rates because

the scale divisions are much smaller when computed into degrees of the radii.
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Figure 7.2.2

Full study drumming data Measurement in phase across
participants / mrad
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At the slower rates (1000ms) where we have seen consistently poor

performance across all tasks the circular statistical method foreshortens the

differences in scores when one takes into account inaccuracies before and after

the beat. The trend for the metronome scores however is still remarkably

similar to that shown in the linear analysis.

Table 7.2.2 Mean Vector Rate for Full study Metronome and Music
Drumming Tasks . (SD in italics)
Table 7.2.2
Drumming in phase comparisons using data in mean vector rates
400ms 500ms 666 ms 1000ms
To 0.030.11 0.04 -0.22 -.31
metronome 0.12 0.09 0.11
To music 0.1 -.01 -0.24 -0.16
0.09 0.08 0.09 0.1
One-way F(1,30)=3. F(1,30)= F(1,30)=0.50 F(1,30)=15.77
ANOVA 60 b
p=0.07 p=0.16 p=0.50 p=0.001
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A one-way ANOVA shows that there were no significant differences
between the metronome and music tasks at the 500 and 666 rates, but there was
a significant difference at the 1000 ms rate (p < .0001). There was a near
significant difference at the 400ms rate. (p = 0.067). These results show once
again that the stimulus does affect the performance, especially at the slower
rate.

The phase analysis, using the mean vector rates data, shows that the
children are most accurate when entraining whilst drumming to music at the
500ms rate. There mean vector score across the phase of all 16 beats, the
equivalent to an asynchronous score in linear, was -0.01 away from perfect
synchronisation. The circular statistical analysis therefore gives considerable
weight to the hypothesis that there is an optimal speed of response when young
children tap along to rhythmic stimuli, and they can be equally accurate whilst

drumming to music or a metronome.

Figure 7.2.3 shows the analysis presented in Table 7.2.1 and Figure 7.2.2
in a circular statistical representation and clearly shows the accuracy of the

children’s performance in both the 500ms Drumming Tasks.

X
Drumming to 0%360° Drumming to
Music in ms Metronome
500 in ms
500
270°
Figure 7.2.3
The mean vector rates
— highlighting the Metronome =%
children’s )
performance at the Music
500ms rate.
180° 170




The figures used in the overall phase analyses in Figures 7.2.1 and 7.2.2

are the mean for the trials. The following scores in the Figures 7.2.4 -7.2.7 are

computed from the mean score of the trials across all 16 beats. They show

clearly that the children performed the trials at the 400 and 500ms rate with

much more accuracy. At the 400ms rate there is a tendency for the children to

delay their beats. This is in direct line with the findings of Kirschner and

Tomosello. They are most consistent at the 500ms rate.

Figure7.2.4
Linear representation of the Circular Statistical Analysis of the
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Figure 7.2.6

near representation of the Circular Statistical Analysis of Pre-test
Metronome and Music Tasks at 666ms
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Linear Representation of the Circular Statistical Analysis of Pre-test
Metronome and Music Tasks at 1000ms

Measurement in Phase Across

Participants /rt ragd,
N} o [N}

o
>

-0.6

’ S 10“12 13 14 15 16

Y N

Beats




At the slower speeds of 600 and 1000 milliseconds the children anticipate
the beat. They are slightly more accurate in the tapping to music condition, than
when they play to the metronome. Once again these results are in line with

previous research. (Pfordresher, & Dalla Bella (2011).

The most significant pointers that come from the analysis using the
revised circular statistical methodology is that the results confirm the
theory that the 500ms rate is preferential. It is the rate at which the
children’s tapping to music or the metronome is most closely matched,
and the rate at which the children drum with the greatest degrees of
accuracy.
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Chapter 8 Study 2 - The Intervention programme

8.1

The intervention study reported here was designed to answer the research
question (No 6 pg 95 Chapter 3) that asked whether it was possible to ascertain
whether a full musical experience, which included rhythm, pitch, harmony and
timbre, could enhance a child’s phonological skills and be comparable to a
language based intervention. Children’s playground games have used chanting
rhymes to support all kinds of games for centuries, especially ones that need a
steady beat to enhance activities such as skipping. Therefore it was decided to
also make the language intervention rhythmic. Rhythmic speech can be
manipulated with varying pulse rates, in exactly the same way as music. It can
be spoken in a near isochronous manner in the same way that occurs in music.
Hence the question explored was whether there would be any differences
between the impact of music versus rhythmic speech, and indeed if either of
these types of training would be more effective than the school phonics lessons
which continued in the control group.

A three-group intervention study was therefore devised. @Two groups
were assigned additional rhythmic training in either music or speech based
form, and a further control group received no additional support, but carried on

with their normal phonics curriculum.

Participants and Methodology

The final intervention groups had 30 participants in each group. 9
children were previously eliminated on the basis of their WPPSI scores — 3
very high scores (135, 135, 144) and 6 low scores (83, 83, 83, 74, 68 and 65).
Classroom sizes in these small village schools are very small, and in order to
make the numbers in each group even the class in school 1 had to be divided
into two groups. 6 children were included in the ‘rhythmic speech’
intervention group, and the remaining 10 children were assigned to the

Control group (Table 8.1.1).
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Table 8.1.1 Numbers of children in each of the three groups in Study 2 of PhD study total

Groups School 1 2 3 4 5 6 7

Speech 6 0 0 0 0 11 13 30
Music 0 0 0 14 16 0 0 30
Control 10 6 14 0 0 0 0 30

It was important to make the rhythmic speech programme equally
engaging and have elements that could be compared with the music
intervention. Initially, following analysis of the literature, a programme
devised by Carroll and Snowling et al (2003) was considered because their
tasks involved puppets in a way similar to that used in the Treiman tests and
in the researcher’s work with ‘Pat the Panda’ — the cuddly toys acting as
catalysts for the children’s responses. However the Carroll and Snowling’s
training programme was devised for slightly younger children whose ages
ranged from 3 years 2 months to 4 yrs 5 months. It was designed to test
whether the development of phonological awareness follows the progression
of syllable, then onset and rime, and then to phoneme. In the end it was not
chosen for this research because there were few directly comparable features
with the rhythmic tasks in the music programme.

A novel rhythmic speech intervention programme was devised, based
on the musical intervention. The principle difference between the two
programmes was that one involved music using instrumental backing tracks
and singing, and the other did not. The rhythmic speech intervention used
normal speech prosody, but still maintained the rhythmic nature of the songs
— ‘choral speech’ or ‘chanting’. Some of the visual material and games used
in both programmes came from the intervention strategy ‘Sounds Great™’

described in Chapter 1.

8.1.1 Pre-tests and Post-tests Intervention timetable

As stated in Chapter 5 all the data collection, analysis and tests
described in Study 1 were repeated in Study 2. The familiarisation pre-test

sessions were identical and took place in November after the children had

3" Sounds Great — Nicholson, Lumsdon, Verney et al (2002) Northumberland Education
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been in school for 7 weeks and were comfortable in their class environment.

The

pre-tests, intervention programmes and post-test commenced

immediately after the Christmas holidays (Table 8.1.2).

Table 8.1.2 Study 2 Timetable commencing November 2010
Weeks Comments Time
1-3 A visit each week to the schools 30 minutes
for familiarisation lessons
4-6 Assessment Testing
Music Tapping Test 12 minutes one day
Singing Test 10 minutes one day
7-9 WPPSI 10 minutes  one day
Pre-testing
Oral rhyme and Picture Rhyme 12 minutes one day
Word Recall and Picture Syllable 12 minutes one day
Oral syllable test (+catch up) 12 minutes one day
10-16 Intervention Activities 2 x 15 minute sessions
each week
17-20 Post-testing :- Rhyme and Syllable tests.

J.P. Verney Rhythmic Pitched Test
BAS reading test

8.2

Thurs

The two intervention groups received two weekly visits (Tuesday and

day) each lasting for approximately 20 minutes. The small group of 6 in

the ‘speech’ group generally received 15 minutes at each visit.

The

Music Intervention. (For full lesson notes see appendix G)

The music programme was designed to draw specific attention to how

the syllables in the words of the songs matched a note in a melody, and how

rhymes were positioned at the end of each musical phrase. All of the songs

and music had been successfully trialled with many thousands of children

over a period of 15 years in the context of early- years music lessons and

were songs that the children had always learnt quickly.

Neither syllables nor rhymes were being taught as part of the

programme of literacy in any of the schools so the concepts were new to the

176




children. The focus of attention in the child’s literacy curriculum was almost
exclusively on learning letter sounds.

The familiarisation pre-test sessions devised to help the children with
the music tasks had proved to be engaging for the children, so the music
programme followed the same pattern with a combination of full class

activities and individually targeted activities.

8.2.1 Musical activities for Syllable Training

For training in the syllables three bags of cuddly toys were the main
focus and catalyst of interest. They were called ‘syllable bags 1, 2 or 3’.
Each contained a variety of animals with matching syllable lengths — Bag 1
might have a bear, a duck or a snake etc — Bag 2 could contain a panda,

rabbit or donkey, and Bag 3 could have a ladybird or an elephant etc. Before

2 1
3 Tiger Duck
Elephant Badger Bat
Dlnosa}ur Donkey Snake
Ladybird Squirrel Cow
‘Crocodlle Giraffe Bee
Mickey Mouse Spider Bear
Sheep
—_— - -~ —

they could play the game they had to know the word syllable and be able to
tap out its component parts:- syl —la —ble.

(The children always referred to the Mouse as ‘Mickey Mouse’ therefore 3
taps)

As each animal came from the bags the children would sing the ¢ Hello
song’ to it — matching a syllable to every note of the song. As a further focus
to the note matching the trainer or the children would play the song using

three chime bars (C D or E). As a further cue to syllable matching simple
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claves®® were made so the children could tap them
together on each syllable — they were called
‘syllable sticks’.

Using these, the children could tap along to other tunes or try and
match special groups of words in songs eg ‘clippety clop’ from the nursery
rhyme ‘Horsey Horsey or ‘rat -a —tat- tat’ from ‘Miss Polly had a Dolly’.

A series of flash cards were also used (from ‘Sounds Great’ see
appendix G. pg. 39) to help play and sing ‘Hello’ games and to match
syllable construction. They were also grouped into three sets of animals
focusing on the number of syllables in the animal’s name.

A tune that the children had heard in the familiarisation pre-test
sessions was now used as a target song. In ‘Marching through the Jungle’
(see appendix D) the children had to choose which animal they would like to
march with. Each of the animals came from one of the three bags — and so
the syllable beats were further discussed as the children marched and sang to
the song.

Tapping and ‘marching on the spot’*” was promoted by this song and
another called ‘It’s my school music day’. The title could be modified to
different schools — eg “It’s London Music Day’ or ‘It’s Manchester Music
Day” (see Appendix D It’s Nursery Music Day). The children tapped along
in time using different musically instruments such as the mini-maracas or

bongo drums.

8.2.2 Musical activities for Rhyme training
a) Familiar Songs

The song ‘Mickey the Mouse’ was taught initially to help the children

tap at a pulse rate of 500ms. Various instruments can be used — the whole

*% Claves are heavy wooden sticks tapped together used in afro- Caribbean music — they make a very
dynamic clicking sound. The lighter version used in schools are sometimes referred to as ‘rthythm
sticks’

%% Children of this age, who have been in school for a very short time, find marching in time in a circle
around a room very difficult. Marching on the spot is thythmically much more accurate.
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class can use mini-maracas*’, and a targeted child can be watched to observe
rhythmic accuracy as they play the bongo drums.

The words are then recalled from the familiarisation pre-test session,
but as part of rhyme training — the rthyming word was emphasised or by
omission — eg ‘Mickey the Mouse he plays music all round the
The children have to make sure they don’t sing the rhyming word. The task
was repeated whilst the children listen to the music on a CD — and this time
they just have to sing the rhyming word and nothing else.

This technique was then used with the other familiar nursery rhymes
used in the pre-tests. (Twinkle, Twinkle; Polly had a Dolly; Baa, Baa Black
Sheep and Hickory Dickory Dock had all been chosen as examples to use in
the testing and training sessions because they were the most often used songs

in the children’s repertoire.)

The children pretend to sing the rhyming words into their pretend
microphones (the mini — maracas) — Twinkle Twinkle little star: How I
wonder what you . In the case of ‘Miss Polly had a Dolly’ the
children can tap the rhyming words with instruments — © sick , sick, sick” and
‘quick, quick, quick’.

In the rhyme training 2 new songs were also taught:- Rocky the Rabbit
and the Soldier’ Song. (see Figure 8.2.1.).

b) New songs

Rocky the Rabbit is then taught because it has a structure that is
adaptable to changing the rhyming words at the end of each phrase. It can
also be linked to a dance. The children pretend to play the focused
instrument — guitar — drums etc, and then they dance like a rock star; shake
their bottoms whilst they ‘shimmy like a sheep’; and sing into their pretend
microphones etc.. The trainer then omits the thyming words and the children
have to put them in place on the correct beat in the music. Changing the

name of the instrument modifies the song, and then the children have to find

" When tapping the children use just one maraca and tap against the other hand — they are not used as
shakers.
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a thyming word for the new instrument. This song can lead to great fun for

the little children, as invariably drum rhymes with ‘bum’.

Figure 8.2.1 Music Intervention Training Songs
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Fun is also a feature of the thyming game that goes with the next new
song ‘Soldiers Song’ (Figure 8.2.1), because the rhymes are emphasized by
the children creating inappropriate rhymes that don’t make sense. The
children are taught the marching song”' :-

The Soldier marched around with a hat upon his head (x 3)

and the drums went rat — a — tat —tat.

The children are encouraged to find new words that rhyme with the key
words ‘Hat and Head’. The first change could involve changing ‘hat’ with

‘bat’, and then the words would be:-

The Soldier marched around with a bat upon his head (x 3)

and the drums went rat — a — tat —tat.

Depending on what kind of bat the children imagine — flying or sport
related- the song has become ‘quite silly’. Each new change comes with a
change of action, and the children always march along with the song in time

to the music.

¢) Flash card games

A set of rhyming flashcards was used to change words in the songs.
First the children played a game of matching the cards so they were familiar
with the paired rhyming cards — sock/ clock; star / car etc... They could then
sing ‘Rocky the Rabbit’ song, but this time they had to devise new words by
changing the rthymes using the flashcard pairs. The nonsense idea was used
again to appeal to the children’s sense of humour. They found it funny to
sing” Rocky is a Rabbit and he’s got a clock — he keeps his clock inside his
sock.

During the improvisation of the songs no backing tracks were used, but
because of the researcher’s musical experience the speeds were maintained at

the correct pulse rates.

*!'In the music tasks the IOI for this tune is 666ms, but in the intervention it is changed to 500ms.
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All sessions last approximately 20 minutes and begin and finish with a

‘Hello or Goodbye song’, sung with the chime bars and. (Table 8.2.1)

Table 8.2.1 Comparing the Rhythmic Speech and Music
Interventions Lesson Time Table
Music session Speech session Time
Introduction Sing Hello greeting chanted 3 mins
& Play Hello and waved
Songs
Flash Card Flash Card recognition 5 mins
recognition for for syllable or rhyme
syllable or rhyme awareness
awareness
Revise known Revise known poems 3 mins
songs
Learn New Song Learn new poem 7 mins
Goodbye Songs Goodbye chant and 2 mins

wave

8.3  The Rhythmic Speech Intervention

The Rhythmic Speech intervention matched as closely as possible the
music training. All the songs that were used by the music group were used
again, but were chanted without a musical pitch. The pulse rate was
maintained at an IOl of 500ms whilst chanting, matching as closely as
possible the speed of singing in the music group. Prosody was not
exaggerated whilst chanting and singing was assiduously avoided. No music
was played at any time.

The intervention lessons were matched in terms of overall time, and
time spent on each activity (Table 8.3.1). The same flash cards, animal
sacks, and tapping sticks were used. The mini-maracas were also used, but
only as a pretend microphone rather than as a percussion instrument. The
same techniques of involving the children and carers were used in all cases to
maintain an equal blend of humour and enthusiasm within the lessons.

The opening ‘Hello’ greeting was associated with a simple song since
it had been used in both the familiarization sessions and the music tasks

during testing. In order to stop the children trying to sing it, a new form of
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the greeting had to be learned. The change of pitch associated with the song
was substituted with an increasingly active wave on the repeated passages of
the words. In the song there were three chime bars ascending in pitch (C, D
and E), but in the chant there were three ways of waving which gradually

became more enthusiastic as the arms were raised.

When the children found an animal from the syllable bags they simply
said ‘Hello Mr Panda’ in a conversational way.

The syllable sticks, that had no specific tuned pitch, were used to tap
out the number of syllables in a target word. The flashcards were used in
the same way as in the music intervention, but more emphasis was placed on
playing ‘animal snap’. The trainer simply placed one card on the floor, and
then revealed cards at random until one emerged from the pack that matched
the target syllable card. A variation was to give all the children a card and
then the remaining cards were placed on the floor at random and then
individual children had to find one that matched with their card.

Similar games could be played using the rhyming sets. Three cards
were placed on the floor — two of which rhymed, and the children had to
identify the ‘odd one out’.

Lesson notes (appendix G) show the variation in the order of

presentation of the material.
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Chapter 9

Results from the matched group intervention

9.1

The Matched Group Intervention

The groups were initially divided from the 99 participating children into

three groups of 30. Nine children were eliminated on the basis of their very

high or low 1Q scores (see chapter 8 for details). Three further tests were used

from pre-test data to establish the matching nature of the three groups:-

performance on the psychometric measures, and two measures of musical

aptitude — drumming and singing.

It was important to establish that no one

group had superior performance in these measures, as they were to form the

basis of training.

Table 9.1.1 Participant details in the matched groups

Speech (N 30) Music (N 30) Control (N 30)

Mean (SD) Mean (SD) Mean (SD)
Age in 57.9 (3.2) 57.0 (3.8) 56.7 (3.8)
months
CLL 45.7 (7.5) 42.1 (5.9) 43.0 (5.4)
FSP 52.0 (4.5) 53.0 (5.0) 52.0 (4.0)
WPPSI 109.8 (12.1) 109.1 (9.1) 106.0 (11.9)
WORD 104.3 (11.7) 104.5 (13.0) 107.4 (11.4)
RECALL

Pre-test analysis comparing groups in the psychometric measures

The mean scores and standard deviations in all the cognition tests are

presented in Table 9.1.1. After outliers were removed from each group

participants’ performance was compared using a 3 x 4 (Group: Rhythmic

Speech, Music, Control) x Task: CLL, FSP, WPPSI & Word Recall) One-

way ANOVA. The group was the between subjects factor and the tasks were

the dependent list. The ANOVA showed no statistical differences between
groups in any of the tasks:- CLL (F (2,84) = 2.5, p = 0.09); FSP (F (2,83) =
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b)

Table 9.1.2 Beat accuracy (mean in ms) by rhythmic entrainment task, based on pre-

0.4, p = 0.64); WPPSI (F (2,86) = 0-.95, p = 0.4); Word Recall (F (2,85) =
0.6, p=0.55).

Pre-test analysis comparing groups in the drumming tasks

A measure of the children’s musical behaviour was based on their beat
alignment drumming scores. These were computed from their combined pre-
test scores in both metronome and music tasks. Missing values in the data
were replaced by median scores. Group descriptives are shown in Table 9.1.2

After outliers were removed from each group participants performance
was compared using a 3 x 4 (Group: Rhythmic Speech, Music, Control x
Rate: 400ms, 500ms, 666ms and 1000ms) repeated measures ANOVA.
Group was the between subjects factor and Rate the dependent variable.
There was no significant main effect of Group (F(2,87) = 7.3, p =0.5). As
expected there was a significant main effect of Rate (F3,261) = 136.8, p =
0.0001. There was no significant effect of interaction between Group and

Rate, (F(6,261) =7, p = .65).

test mean scores of drumming to both metronome and music combined.

¢)

Rhythmic Music Group Control
Speech (N 30) [N 30) Group(N 30)
Drumming Mean (SD) Mean (SD) Mean (SD)
rates in
milliseconds
400 84.9 26.5 95.8 20.3 92.5 26.3
500 78.2 25.1 98.2 26.5 94.0 28.5
666 118.7 39.9 124.7 39.1 114.8 39.0
1000 185.6 73.7 184.0 58.3 188.2 64.9

Pre-test analysis comparing groups in the singing tasks

A second measure of the children’s musical aptitude was based on
their beat alignment singing scores. These scores were computed from their

combined pre-test singing scores (Singing in Time and both the — and +
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Music Rhyme tasks). Missing values in the data were replaced by median

scores. Group details are shown in Table 9.1.3.

Table 9.1.3 Beat accuracy (mean in ms) by rhythmic entrainment task, based on the

pre-test mean scores of the Singing in Time and + and — Music tasks combined

Speech (N 30) Music (N 30) Control (N
30)

Singing Mean (SD) Mean (SD) Mean (SD)
rates in
milliseconds
400 79.3 34.8 85.5 44.0 94.5 36.0
500 55.8 19.4 70.4 314 68.2 25.4
666 70.9 219 78.9 27.5 74.7 21.8
1000 95.0 351 107.3 48.3 95.8 354

After outliers were removed from each group participants performance
was compared using a 3 x 4 (Group: Speech, Music, Control) x Rate: 400ms,
500ms, 666ms and 1000ms) Repeated Measures ANOVA. Group was the
between subjects factor and Rate was the dependent variable. The ANOVA
showed no significant main effect of group (F(2.87) = 1.9, p = .16). The
ANOVA again showed a highly significant main effect of Rate (F(3.26) =
23.4, p =.0001). There was no significant effect of interaction between Rate

and Group ( F(6,261) =77, p = 0.6)

Because the matched groups showed no statistical differences in either
the drumming or singing interactions it seemed reasonable to assume that
any gains in performance in either the music or phonological awareness post-
tests would result from the short seven-week intervention rather than from
natural maturation. The inclusion of a third group, which received no

additional teaching, controlled for the issue of maturation.
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Table 9.2.1  Phonological Awareness by Group Pre and Post-test mean scores

Rhythmic Pre-test Post-test
Speech
Group (N 30)

Mean (SD) Mean (SD) Gains
Oral Rhyme (%) 24.7 14.9 49.6 23.5 +24.9
Picture Rhyme 53.9 21.7 61.3 34.5 +7.4
(%)
Oral Syllable (%) 41.3 31.1 71.0 23.1 +29.7
Picture Syllable 15.2 11.5 61.4 26.4 +46.2
(%)
Music Group
(N 30)
Oral Rhyme (%) 24.0 20.4 43.2 24.6 +19.2
Picture = Rhyme 63.7 23.2 66.0 28,4 +2.3
(%)
Oral Syllable (%) 17.4 13.4 66.0 33.6 +48.6
Picture Syllable 19.7 12.9 58.5 26.2 +38.8
(%)
Control Group
(N 29)
Oral Rhyme 221 14.0 33.9 18.0 +11.8
(standardised)
Picture = Rhyme 45.6 22.0 54.4 28.2 +8.8
(%)
Oral Syllable (%) 34.7 26.1 54.9 35.4 +20.2
Picture Syllable 24.3 13.2 29.9 21.8 +5.6
(%)
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9.2 Analysis of the group performance in the Phonological Awareness
tasks between pre and post-tests

(@)

Table 9.2.1 shows the pre and post-test mean scores for the Phonological
Awareness tests. The gains shown suggest that the intervention was successful
because the scores in both the speech and music groups are considerably higher
than the gain in the control group in three of the four tests. The Control group
made greater gains than the Music Group in the Picture Rhyme. However the
Music Group pre-test score was much higher than the Control. The scores
show that the children made greater gains in the syllable tasks than in the rhyme
tasks, particularly in the Music Group. To investigate these scores further a

series of repeated measures ANOV As were computed and analysed.

Analysis of the Rhyme pre-and post-test results.

A 3 x 2 x 2 (Group : Rhythmic Speech, Music, Control; Task: Oral Rhyme,
Picture Rhyme; Time: pre and post-test) repeated measures ANOVA was used
to analyse any differences found in the performance of the groups in the Rhyme
tasks between pre and post-testing. The rhyme tasks, calculated in percentage
points, were the dependent variable.

The ANOVA showed a significant main effect of group (F(2,79) =3.5,p =
.04 and there was also a very close to significant interaction between Task and
Group (F(2,79) 3.1, p =0.0501).

The ANOVA showed a highly significant result for the main effect of Task
(F(1,79)=184.0, p < .0001). This confirmed that the children all found the
Picture Rhyme task easier than the Oral Rhyme task. This result underlies the
importance of choosing a variety of tests for the children to find which is most
appropriate to their age and ability. The addition of the pictures to support the
understanding of the rhyming concept helped their performance in this task.
There were highly significant differences found for the main effect of Time
between all groups (F(1,79)=54.3, p<0001). The Interaction between Task and
Time was highly significant, ( F(1.79) = 21.3, p = 0.0001 and suggests that the
intervention helped to increase scores between pre and post-testing. The scores

in Table 9.2.1 show that in all cases the post-test scores in both rhyme tasks
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improved over time, with particular improvement in the oral rhyme task, which
before intervention had proved to be the more difficult task.

However the impact of the intervention was not conclusive because
although the ANOVA had shown a significant main effect of group the
interaction between Group and Task did not quite reach significance, nor did the

interaction between Group and Time (F(2,79) =1.0, p = .38.

Figure 9.2.1 gives a visual representation of the Time* Group interaction

in the Rhyme Tasks.

Figure 9.2.1

TIME*group; Interaction for Combined Rhyme Tasks
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By viewing Table 9.2.1 you can see that the control group made similar
gains to the rhythmic speech group in the picture rhyme tasks. Because the
Group*Task interaction was at near significance it was considered that
separation of the two tasks might reveal more information concerning the

impact of the intervention in both the oral and the picture rhyme tasks.

In a3 x 1 x 2 (Group: Rhythmic Speech, Music, Control; Task: Oral
Rhyme; Time: pre and post-test) repeated measures ANOVA I found no
significant main effect for Group (F(2.86) = 2.2, p =.12. There was as expected
a highly significant main effect of time (F(1,86) = 72.2, p =.0001. There was a
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near significant interaction between Time and Group (F (2,86) = 3.1, p = 0.052)
and so a Newman—Keuls post-hoc analysis was computed. It revealed that there
was a significant difference in performance at post-test (p < .01) between the
rhythmic speech group and control, but no significant difference for the speech
to music or between the music and control groups.

Hence these results show that the rhythmic speech intervention was more
effective than the music intervention in improving children’s understanding of

the oral rhyme task. A visual representation is shown in Figure 9.2.2

TIME*group Interaction for the Oral Rhyme Task
Figure 9272 Current effect: F(2, 86)=3.0595, p=.05205

Time* Group
Interaction in
the Oral
Rhyme Task

90

80

70

60 -

50

401

30

Mean Scores (%) for Group in the Oral Rhyme Task

20l =§— group  rhythmic speech
1 =& group
music
10 : : == group
Pre-test Post-test control

In the Picture Rhyme Task 3 x 1 x 2 (Group: Rhythmic Speech, Music,
Control; Task: Picture Rhyme; Time: pre and post-test) repeated measures
ANOVA I found a significant main effect for Group (F(2.79) = 3.6, p = .031)
and a significant effect for the main effect of Time ( F(1,79) = 9.2, p =.003).

In this analysis we did not find a significant difference in the interaction
between Group and Time (F(2.79) = .28, p = .76.

This suggests that the intervention did not improve the children’s
performance in the Picture Rhyme test in comparison to the effects of normal

maturation.
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A visual representation is given in Figure 9.2.3.

TIME*group interaction for the Picture Rhyme Task
Current effect: F(2, 79)=.28048, p=.75617
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One can therefore assume from these results that although the children
found the Picture Rhyme tasks relatively easy, the intervention made most
impact on improving their oral thyme perception. The most effective means of

achieving this was through the rhythmic speech intervention.

(b) Analysis of the Syllable pre-and post-test results

A further 3 x 2 x 2 (Group; Rhythmic Speech, Music, Control x Task: Oral
Syllable, Picture Syllable x Time: pre and post-test) repeated measures ANOVA
was used to analyse performance of the groups in the Syllable tasks. The
percentage correct syllable tasks were the dependent variable.

There was a significant main effect of Group (F(2,69)=3.6 ,p = .03) and a
highly significant result (F(1,69)=19.4,p = .0001) for the main effect of Task.
Table 9.2.1 shows that the scores for the Oral Syllable test in the Music Group
were much lower in accuracy than for either the Rhythmic Speech group or the
Control Group at pre-test. The interaction between Task and Group (F(2,69)=
4.2 ,p = .019) confirms that there was a significant difference between the
performance of the groups in their ability to perform the different syllable tasks.

By looking at Table 9.2.1 one can see that at pre-test the Music group found the
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Picture Syllable task marginally easier, whereas the Rhythmic Speech group in
particular scored more highly in the oral syllable task. This was confirmed by
Newman-Keuls post hoc tests that showed significant differences between the
performances of the two syllable tasks in the Rhythmic Speech Group (p <
.0001) at pre-test. There were no statistical differences between performance by
either the Music or Control Group in either of the two syllable tasks in the pre-
test.

For the main effect of Time there was as expected a highly significant
difference between the performance of the children between pre and post-testing
(F(1.69) = 186.6, p=.0001). In the interaction between Time and Group there
was a highly significant difference (F(2.69) = 15.8, p =.0001). Newman-Keuls
post hoc tests revealed that there were no statistical differences at post-test for
the performance of the Children in the Oral Syllable task between the groups,
but there were highly significant differences between both the Rhythmic Speech
and Control groups (p < 001) and between music and control groups in the post-
tests (p < 01) in the Picture Syllable Task. There was no statistical difference
between the performances of the children after the intervention between the
speech and music groups.

A visual representation of this is shown in Figure 9.2.4

TIME*group interaction for the combined syllable scores tests
Figure 924 Current effect: F(2, 69)=15.764, p=.00000
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The analyses show that both interventions were successful in the Picture
syllable test, because both Intervention Groups outperformed the control.
However there was no difference between the effects of the Rhythmic Speech
Group and the Music Group; they were equally successful. The interventions
were less successful in the Oral Syllable Tests, neither showing considerable
gains over the naturally maturing Control Group. Once again there was no
statistical difference between the effects of the Rhythmic Speech and Music
Groups.

Visual representations (Figure 9.2.5) of these results are taken from
analyses of comparisons between performances of the children in the individual
syllable tasks. They give a very clear picture of the overall results in the

syllable tests and show particularly the impact of the picture syllable tests.

Figure 9.2.5 Time* Group Interactions in both Oral and Picture Syllable tasks

for the Oral Syllable Test
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(c)
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Analysis of the effects of all the Phonological Awareness Tasks in
the pre and post-tests.

To get a more general picture of the effectiveness of the complete
intervention programme a 3 x 4 x 2 (Group; Task: Oral Rhyme, Picture Rhyme,

Oral Syllable, Picture Syllable x Time: pre and post-test) repeated measures
ANOVA was computed.
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There was not a significant main effect of Group (F(2,63) = 2.7, p = .08).
However, as expected from analysis of the previous data, there was a highly
significant difference for the main effect of task (F (3,189)=40.1, p=.0001).

There was a significant interaction between Group and Task (F(6,189) =
2.7, p =.02). and a highly significant interaction between Task and Time (F(3,
189)=15.7, p=00001.

A visual representation of this is shown in Figure 9.2.6. It shows clearly
that the children made least progress in the Picture Rhyme task, but they started
this task with the highest level of ability.

TASK*TIME interaction for all the Phonological Measures
Current effect: F(3, 189)=15.662, p=.00000
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There were also highly significant differences for the main effect of Time
(F(1,63)=234.3, p = 0.0001) showing that elements in the interventions had
been successful.

There was a significant difference in the interaction between Time *group
in the pre and post-test analysis (F(2,63)= 16.02, p = .0001). Newman Keuls
post hoc analysis shows that there were no significant differences at the pre-test
stage, but at post-test although there were no significant differences between the
speech and music groups there were significant differences between both speech

and music groups and the control group (p <.0001 and p <.001 respectively)
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TIME*group interaction for all the Phonological Tests
Current effect: F(2, 63)=16.018, p=.00000
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A graphic representation is shown in Figure 9.2.7. It shows clearly that
both intervention groups outperformed the control, but there was no significant

difference between the performance of the speech and music groups.

A final Analysis of the Interaction between Group, Task, Time showed that
the Phonological Measure that had made the most improvement and
differentiated between the groups was the Picture Syllable Task. There were no
significant differences between the rhythmic speech and music groups, but a
highly significant difference between the rhythmic speech group and control (p
= <.0005), and between the Music Group and Control ( p < .01). This was the

only task that showed significance.

These results show that an intervention based on either rhythmic
structure in either a rhythmic speech form or in musical form can be
successful in improving children’s phonological awareness skills. The
most significant message that comes from these results is that the
rhythmic speech programme was a more successful vehicle than the
music to improve the phonological skills of this group of 90 participating
children. Both interventions were successful in improving both rhyme
and syllable awareness, but the greatest improvements came in the
syllable tests.
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9.3.

Impact of intervention on concurrent reading skills

In the analysis of Study 2 data there was little evidence of correlations
between the whole group of participants and future reading skills so a partial
correlation, controlling for IQ, was undertaken to see if individual groups rather
than the whole group might show differences. The BAS reading test was taken 3
months after the intervention had been completed.

The group correlations (Table 9.3.1) show that the intervention groups
show a greater correlation with future success in reading. The control group
showed only one significant relationship between performance in the Picture
Rhyme task and reading (r= .423*, p=028). The Music Group showed a
significant relationship with the Picture Rhyme test (r= .461. p .013) and a
significant relationship with the picture syllable task (r= .423, p= .022). The
Rhythmic Speech group showed a highly significant relationship with Oral
Rhyme (r= 608, p= 001) and Picture Rhyme (r= .488, p=.008). There was also
a significant relationship with the Oral Syllable task (r=.451, p=.018).

This would suggest that the rhythmic nature of both the intervention

strategies does aid future reading skills.

Table 9.3.1. Pearson’s Partial Correlations between Phonological Awareness Post

test results and reading, controlling for 1.Q for the matched groups

9.4

Reading (BAS) Oral Rhyme Picture Oral Syllable  Picture
Rhyme Syllable
Rhythmic Speech 0.608** 0.488** 0.451%* 0.297
Music 0.154 0.461%* 0.296 0.423*
Control 0.330 0.423* 0.272 0.186

*p< .05, **p<.01.

The analysis of further music tests on group performance

Both the speech and music group were given poems and songs as part of
the training programme. Irrespective of whether they were sung or recited they
were delivered at the 500ms rate. Post-tests were therefore given to the groups
to see whether performance had improved at this rate after the intervention.

Because the children had found entrainment at 1000ms most difficult this rate
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was also post-tested as a control rate. The rates of 400ms and 666ms were not
post-tested because of a limited time allocation given to the research by the
schools. Two further pieces of music were composed as post-tests with exactly
the same musical criteria as before with respect to range of pitch, harmony and
instrumentation. (Table 9.4.2) The metronome tests at 500 and 1000ms rates

were repeated. The results are shown in table 9.4.1.

Table 9.4.1 Matched Group Drumming Pre and Post-test mean scores

Rate Group Pre-test Post-test Change
Mean (SD) Mean(SD) a minus score
shows
improvement
500 ms Rhythmic Speech 92.9 (22.2) 87.8 (38.5) -5.1
Metronome
Music 107.6 102.3 -5.3
(36.9) (37.9)
500ms Rhythmic Speech 68.0 (27.3) 55.2 (17.2) -12.8
Music
Music 84.2 (26.8) 67.0 (29.1) -17.2
1000ms Rhythmic Speech 197.9 203.4 +5.5
Metronome (84.7) (74.3)
Music 200.7 191.8 -8.9
(27.1) (79.4)
1000ms Rhythmic Speech 146.4 174.0 +28
Music (34.8) (52.6)
Music 175.5 177.7 +2.2
(57.4) (42.2)
Table 9.4.2.

Schematic overview of the different music and songs used in the Post-tests

Task 500 ms 1000 ms
Metronome “ “
Music for Beat Alignment Tracy Bear
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At first glance the results in Table 9.4.1 indicate that the music-based
intervention seemed to be more successful in improving drumming
performance in all tests in comparison with the speech based intervention.
However to explore the effects of both the rhythmic interventions more
carefully a 2 x 2 x 2 x 2 (Group: Rhythmic Speech, Music; Rate: 500ms,
1000ms: Task: metronome, music; Time: Pre and Post-Test) repeated
measures ANOVA was computed.

There were no statistical differences for the main effect of Group (F
(1,58) = 1.5, p = .23) indicating that the programmes were equally effective
in both conditions, and the interaction between Rate and Group also
confirmed this, because there were no statistical differences between the
performance of the groups at the different rates (F(1.58) = 1.6, p = .22). As
expected there was a highly significant main effect of rate (F (1,58) = 460, p
= .00001) as the children performed the tasks at 500ms much more
efficiently than at 1000ms. This was confirmed by the interaction of Rate and
Time which also showed significance (F(1, 58) = 4.17, p = .05). Newman
Keuls post hoc tests however showed no significant differences between the
performance of the children at the two rates between pre and post-testing but
simply that they performed differently at the two different rates:- their scores
at 500ms were lower than those at 1000ms.

There was a highly significant main effect of Task (F(1.58) =273 ,p=
.0001) suggesting that the children were much more successful in drumming
to music than to the metronome. However the interaction between Rate and
Task was not statistically significant (F(1,58) = .063, p = .8) because the
children actually performed both the music and metronome tasks at the
different rates in a similar way The interaction between Task and Time also
showed no significant improvements of the participants in either the music or
metronome tasks (F(1,58) =,002, p = 1.0) between pre and post- testing.

It had been anticipated that there would be a significant difference in the
children’s performance in both groups after post-testing. This did not occur.
There was no significant main effect of Time (F(1,58) = .02 , p =.9). Nor
was there a significant interaction between Time and Group (F (I,58) = .56,

p = .46). This would suggest that the short intervention period made little
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impact on the ability of the children as a whole to improve their drumming
skills.

There were no significant interactions between Task and Group (F(1.58)
= 1.3, p=.26). Neither were there any other statistically significant results

found in the other 2 or 3- way interactions.

Both Interventions were based around training presented at the 500ms
rate. Both the Rhythmic speech and Music Groups made gains at this rate, but
they were not statistically significant. =~ Where there was no additional training
in drumming to the metronome the results between pre- and post-test remained
quite stable at the 1000ms rates. This suggests, as stated, that to change young
children’s ability to tap accurately even at the more familiar rate of 500ms
needs considerable practice. Perhaps the lack of additional access to musical
training in the rhythmic speech group contributed to the decline in their
performance at 1000ms, but once again this decline was not statistically
significant. It is more likely; given the difficulties the children have shown in
performing both drumming to music and the metronome, that this rate is
intrinsically unstable and the score at the pre-test in the rhythmic speech group

was the more unusual. The other 3 scores in this task are very stable.

Hence these results show that access to increased musical experiences
do not necessarily increase the children’s tapping ability. Rhythmic
speech at the same rates can contribute equally well to improved tapping.
However if music is the stimulus that is used within a classroom then a
full musical experience will make a greater impact than simply tapping
along to a metronome.
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Chapter 10 Discussion

Low levels of literacy are a problem among children and adults in
England, prompting both government agencies and researchers to test
interventions and strategies that may be effective in promoting literacy (Rose
2006). Within early childhood, phonological awareness is a fundamental
aspect of emerging literacy. Without an ability to comprehend and manipulate
the sounds of the language it is very difficult to decode sounds into letters and
then join them into words and eventually learn to read. One set of possible
strategies to promote phonological awareness, and therefore reading, may
include music-based interventions because both music and speech unfold in
time, and rhythm is central to the sequential organisation of sounds in both
domains. Before establishing such interventions it is necessary to establish the
relationships between music perception and phonological awareness, and to find
the key perceptual areas that link the two domains together. Once these are
established then meaningful intervention in classrooms can take place, or
beneficial remediation programmes for children with specific language

impairments, such as dyslexia can be devised.

The purpose of this study was to look for these key areas by testing 192 4
to 5 year-old children, and developing a three group intervention strategy with
90 of these children that could shed light onto the rhythmic skills in music that
linked to the essential phonological awareness skills involved in decoding

syllables and rhymes.

Although, as a musician working with young children for many years, I
had an innate bias towards developing a music programme that could bring
increased awareness to early literacy skills, this research has led me to be
circumspect about some of the key areas of music that might actually help
increase phonological awareness. The inclusion of a rhythmic speech
intervention, which used poems and jingles spoken in a chant-like way, but still
maintaining an accurate rhythmic quality and pulse, and the success of this
intervention in increasing understanding of syllables and rhymes means one has
to question whether some of the preceding music intervention strategies have

actually been causal in improving literacy. A major source of debate in the
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music-language field is whether musical activity supports reading directly, or
contributes to more generally applicable learning skills that make reading
acquisition easier (Schellenberg, 2005). Classroom based research, such as this,
where so many factors are beyond the control of the researcher, are often
difficult, and yet this is the environment in which teachers and children work.
While laboratory research might seem preferable to school-based research
because of better control of confounding factors, laboratories are not where
children normally experience music. However by using a variety of statistical
analyses tools and by carefully controlling the factors within the research
protocol and by concentrating on relevant musical ‘subskills’ with a large group
of participants I hope to have provided ‘robust’ data to support and develop the
hypotheses under scrutiny.

The question raised by the research and discussed in this chapter is which
of the musical ‘subskills’ or elements can be easily introduced into an early
year’s classroom curriculum and then most contribute to improved phonological
skills? Given the nature of some of our early years’ teacher’s reluctance to sing
is it possible that a programme of rhythmic chants could be equally beneficial,
even though they have, perhaps, fewer attractive elements that make music so
much fun and engaging for children and adults, such as pitch, harmony and
timbre? If this is the case it is in line with Cummin’s (2010) hypothesis that
rthythm in speech and rhythm in music are related via embodiment and
entrainment and a programme that uses either or both, or rhythmic body
movements could have beneficial effects on decoding rhythmic events in speech.
Lidji et al (2011) working with groups of both English and French speaking
adults compared the results of tapping to a song, rhythmic speech or normal
speech to answer the question whether participants would entrain similarly in
music and speech. Their hypothesis, in line with Large and Palmer (2002), was
that although it is possible to entrain to temporal regularities that are present in
speech it is much easier to entrain to an isochronous beat such as that found in a
song or rhythmic speech. They termed the condition that I have chosen to call
rhythmic speech as ‘spoken regularly’ (alignment of syllables to beat). Their
results were, as I would have expected. It was much easier to entrain to both
songs and speech spoken regularly than normal speech. They also found that

synchronisation was more accurate when linked to music than rhythmic speech.
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The tempo they chose for the tapping pulse rate was 120 bpm or an IOI of
500ms - the same one chosen in the interventions reported here. They asked the
same significant question:- is melodic information necessary for entrainment,
and their research concluded that it was not. This had been previously
confirmed by the research of Snyder and Krumhansl (2001) who showed that
when you remove pitch from a series of ragtime pieces it is still possible to
entrain to the rhythmic structure that is left without impairment to
synchronisation. Lidji et al maintained that their study was perhaps the first to
ask the question whether rhythmic speech could be equally important for
entrainment than music. This study is therefore probably the first to ask this
question with small children and relate the results to improved phonological

awarencss.

10.1 Research Question 1

* s there an optimum pulse rate within music that helps children to

entrain to a beat and is it dependent on quality and type of stimuli?

This research has found that certain speeds are much more critical than
others for entrainment to a beat and that there is a relationship between the
ability to entrain to a specific pulse rate and acquisition of phonological skills.
This confounds, to a certain extent, previous research that found no relationships
between musical tempo discrimination and reading skills. Overy et al. (2003)
performed tempo discrimination and tempo production tests on their group of 27
seven- to eleven-year-old boys of varying reading ability. Overy’s tempo
discrimination test involved asking the child to judge whether the second of two
groups of computer-produced taps was faster or slower than the first. In her
tempo production test, a computer presented eight taps at a steady beat over
headphones, and the child copied the speed as accurately as possible on the
keyboard after hearing the stimulus. The computer compared the inter-onset-
intervals of the children’s tapping in terms of deviation from the stimulus
intervals, and the child was assigned a score based on the amount of deviation.
The researchers did not find any significant correlations between these tempo

tests and the children’s performance in single word reading and spelling
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measures. In effect this test asked the children to entrain to a beat without the
stimulus — or as described here and by Thomson (2008) as ‘in the unpaced
condition'. The children in this study found this very difficult, and were much
more able to tap in time with music or a metronome when it was actually
playing.

Also using a similar test design to that used by Overy et al.’s (2003),
Montague (2002) tested her group of 23 eight-year-olds on tempo discrimination
and tempo production tasks. On the tempo production task, the child’s recorded
response was manually matched to a metronomic beat and a score assigned
based on how well the child sustained or deviated from the given tempo.
Montague did not find any significant correlations to phonological awareness
tests in phoneme elision or blending phonemes nor did she find significant
correlations between tempo production and phonemic decoding efficiency and
word reading efficiency.

The problem of asking the right question to the right groups of children,
and comparing like with like is yet again exemplified in the comparison with
these studies and the research reported here. In this study I was working with
much younger children, and looking for key elements of phonological skills that
precede the understanding of phoneme deletion.

This research shows that tempo discrimination is a key factor in the

acquisition of phonological skills.

10.1.1 An Analysis of the children’s Metrical Perception

The first research question required examination of the role of rhythmic
accuracy and synchronization to a beat in music to find if there was an optimum
pulse rate within the music that helped the children to entrain to that beat and
whether that optimum pulse rate was linked to processing phonological
awareness skills such as syllable and rhyme awareness. A subsequent question to
the first was to explore whether good synchronization was linked to the actual
sound source. Was it possible that many aspects that make music ‘music’ such
as pitch, harmony, instrumentation etc... still contributed to determining
rhythmic accuracy, over and above the rhythmic structure determined by meter

and pulse? To discover this, a novel testing protocol was designed to
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discriminate between different kinds of music and sound sources — some were
complex with different instrumentation and multi layered musical effects, and
some had simpler acoustic properties, such as a simple metronome sound or a
single voice. The children were tested for their ability to synchronise to the beat
at 4 pulse rates. Pulse rates at IOIs of 400, 500, 666 and 1000ms were used.
These rates were considered because they were within the range of the ‘greatest
pulse salience’ (Thaut 2008) and gave a wide range of pulse rates that were
suitable for children to hear and move rhythmically to a beat (Honing (2012).
Three of the rates (400, 500 and 666ms) had also been used in research into the
rhythmic perception of children with developmental dyslexia (Thomson (2008)
and in children with Specific language Impairment (Corriveau and Goswami,
2009)

In Study 1 I looked at the ability of the children to drum in time with the
music and metronome when it was playing (the ‘paced’ condition) and also to
see whether they had an ability to maintain that entrainment to the beat when the
music had stopped (the ‘unpaced’ condition). To further investigate this I also
analysed the children’s responses to two contrasting sets of music to see whether
the stimuli affected the children’s performance. The pieces were at exactly the
same pulse rate but contrasted in terms of harmonization, timbre and musical
milieux (See Table 10.1.1).

In the results comparing the different musical stimuli in both the paced and
unpaced condition there was only one statistical difference between the
children’s accuracy of response when tapping to the music. For the paced music
task at the 666ms rate there was a statistical difference in the children’s response
to the different sets of music. This could be because the Soldier’s Song was in
duple time and the Ladybird song was in simple triple time (6/8). The disparity
in performance would be in line with proponents of the ‘dynamic attending
theory’ which says that both children and adults have a preference for regularly
accented duple meters, rather than ones that have a strong weak, weak form.

(Drake 1993, Drake et al., 2000; Jones & Boltz, 1989).
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Table 10.1.1 Music Composed for this study by Genre
(0] Title Genre Metre
400ms Music Day Children’s duple
400ms The Race Song Rock duple
500ms Marching through the| March duple

Jungle

Melodies used in the | >00ms Rover Had a Rag Children’s duple

pre-tests 666ms Sputnic Song Complex Si-Fi duple
666ms The Soldier’s Song March duple
666ms Ladybird Relaxing (Children| duple

and Adults) (compound)
1000ms Snake (Children and Adults) | duple
1000ms Kite Children’s duple
(compound)
Melodies used in the | 500ms Tracy watches Tennis Children’s duple
t-test:
[ 1000ms | The Bear in the wood Children’s duple
Additional material | S00ms Mickey The Mouse Children’s duple
di .
used i musie 500ms Rocky the Rabbit Rock duple
intervention

The group responded most accurately to the song in duple time — the

march. The music on all other tests did not make a difference to the accuracy of

the children’s performance. Differences seemed to be based on the pulse rate.

The analysis showed that for this age range children find it very difficult to

maintain a beat when there was no stimulus to listen to at all rates.

Figures 10.1.1 General trends in the paced and ‘unpaced’ drumming tasks in Phase 1

Paced and Unpaced Drumming Task with Metronome

Current effect: F(3, 96)=1.8890, p=.13660

300

Paced and Unpaced Drumming Task with Music
Current effect: F(3, 90)=2.8385, p=.04241

250

N
1=}
153

Milliseconds

@
S

100

50

1 2

400ms 500ms

3}

666ms

4
1000ms

=e— Paced Metronome
=&= Unpaced Metronome

1 2 3

400ms 500ms 666ms

4

1000ms

== Paced Music
=4= Unpaced Music
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This is in line with the findings of Thomson in her cohort of 10 year-old
normally developing and dyslexic children. Visual representations of the
performance of the children in the paced and unpaced conditions are shown in
Figure 10.1.1. They clearly show that the children drummed with greater
accuracy to the music, rather than the metronome, and had a preference for
drumming at the quicker rates of 400 and 500ms, but the most consistent rate in
both conditions was at the 500ms rate when there was only a difference of 5
milliseconds between both conditions.

The fact that the children found tapping in the unpaced condition so
difficult perhaps is a reason why Overy and Montague found no correlations
between their music task and the results in their literacy and reading tests even

though the children were older.

Because I had found no statistical differences between the two studies in
their entrainment tasks I then looked at the full study to see the trends within the

children’s scores.
The results of the analysis of the data collected from the Full Study is given in appendix H.

In all cases, irrespective of stimuli, metronome or music, the children
always performed with least accuracy when drumming to the 1000ms rate. This
is not unsurprising since it is at the far end of the greatest pulse salience, and
young children prefer a faster spontaneous tempo speed when tapping. The
research of McCauley (2006) confirms that the rate of spontaneous tapping
varies across ages. Young children will naturally tap at quick rates between 300
and 400ms 101, and as we get older the rate becomes slower. In older children

and adults the range for preferred tapping centres around the 600ms rate.

It was important to cross reference methods of analysis to gain an
accurate measure of the children’s entrainment to these various pulse rates
whilst the children were drumming to either metronome or music and so three

different analyses were employed to scrutinise the data from the whole study of

192 children.

The first used a linear statistical method, as used in the Overy and

Montague research, where the children’s ability to synchronise to a beat was
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Figure 10.1.2

Drumming to music g,
and metronome 160
Full study results 140

measured and analysed initially to find the error between exact synchronisation
and their performance, irrespective of whether they anticipated or delayed their
responses (‘gross error). The second method re-analysed the data taking into
account the anticipated or delayed response. The third method re-examined the
data used in the second method, but used a circular statistical analysis tool. This
last method could only view the effects of the children’s performance in the
drumming entrainment tasks where there were 16 beats in each trial from which
to track synchronisation across a ‘phase’, or in musical terminology across 4
bars of music set to an isochronous beat.

For the singing measures there were insufficient beats to analyse using a
circular statistical analysis, so all these analyses are linear and based on the
amount of deviation from the pulse that occurs when the child sings either before

or after the beat.

Accuracy of metrical perception in the drumming tasks in the
Full Study

Using the first method I found that children showed greater temporal
accuracy (rhythmic entrainment) in keeping time with a musical piece than in
keeping time with a metronome. The analysis showed a statistical difference in
the main effect of task between the children’s performance in the music and
metronome tasks (p = .001) (See appendix H). A visual representation is shown

in Figure 10.1.2.

Full Sample Trends In Drumming Tasks
Current effect: F(3, 573)=18.729, p=.00000
220

200
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40

1 2 3 4
=4= Metronome
400ms 500ms 666ms 1000ms =F= Music
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However for the metronome task, they were equally accurate in keeping
the beat at the two faster speeds (400 ms, 500 ms), and were significantly more
accurate at these two speeds than at either 666 ms or 1000 ms (p’s< .001). This
is in line with the research that shows children will respond most closely to their

preferred spontaneous tapping speed. (Bobin-Begue (2005).

For the music task, they were also equally accurate at keeping the beat at
400 ms and at 500 ms, and they were significantly more accurate at these speeds
than at either 666 ms or 1000 ms (p’s< .001). Therefore the children’s rhythmic
entrainment was best at 400 ms and 500 ms. It was, however, only at the pulse
rate of 500 ms that the children did not gain any significant benefit in terms of
temporal accuracy from the musical accompaniment. (see Figure 10.1.3 and

Table AH1 in appendix H).

There were quite similar findings in the second analysis that took into
account anticipation and delay from the absolute point of synchronisation. The
main difference was that in this analysis there was a near perfect alignment with
the beat in the metronome task at the 400ms rate and a statistically different
level of response at this rate between the metronome and music tasks (p = 0.01).
The delay from synchronisation was only 1 millisecond (See table 7.2.1) and in
the music task it was 16.8 milliseconds. This once again would be in line to the
Bobin- Begue study. Drumming to a metronome, rather than to music has more
in common with spontaneous tapping and is perhaps a purer form of
entrainment. In line with the first analysis the difference between the music and
metronome scores at the 500ms rate was marginally less than at the 400ms rate
(14ms), but there was a greater margin of error from the point of
synchronisation. At the slower rates of 666 and 1000ms there was no statistical
difference in performance between the two rhythmic stimuli. (refer to Figure
7.2.1. for a visual representation). In line with the first analysis the children
were most accurate at keeping the beat at 400ms and 500ms, and then they
became increasingly inaccurate at the rates of 666ms and even more inaccurate

at the speed of 1000ms.

The circular statistical analysis confirmed the findings of the first analysis
in that the children were most accurate at the rate of 500ms in both the music

and metronome tasks (See Table 7.2.3). It also confirmed the findings of the
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second method that at the 400ms rate the children were more accurate when

playing along to the metronome (See Figure 7.2.2).

The circular statistical analysis shows that the children delayed their
responses at the quicker rates and anticipated their responses at the slower rates
of 666ms and 1000ms. This is directly in line with the research into social
drumming by Kirschner and Tomasello (2009) with similar aged children. They
also discovered that the children did not drum in phase with the stimulus signal.
Their research showed that when drumming along with a beat at 400 ms, most
participants’ synchronous tapping showed delays of approximately 10 to 120 ms.
In this research these limits were found in both the children’s responses to
stimuli played at 400 and 500ms (1 — 23ms, after outliers had been removed).
The findings from this research and Kirschner contrasts with the observation of a
negative mean asynchrony in adults, where it has been found that the
participants taps tend to anticipate the clicks of an isochronous sequence by
approximately 20 to 80 ms (Aschersleben, 2002). However, in the 600-ms ISI
condition, the older participants of 3.5 and 4.5 years tended to anticipate the
stimulus beat by approximately 10 to 100 ms (similar to adults).

They postulated that an explanation for this shift from positive to negative mean

asynchrony could be that:-

“the participants needed to constantly push their ‘‘system of internal
oscillations” (Large & Jones, 1999) toward the external driving rhythm at
600 ms ISI; this is also reflected by the median inter-response interval that
rarely reached the ideal value of 600 ms. The combination of an imperfectly
entrained oscillation system and a continuous error correction activity (Repp,
2005) that tries to compensate for the former would theoretically result in the
observed tendency to precede the stimulus beat at 600 ms ISI but not at 400
ms ISI.” pg 312

When I looked at the results of all three analyses of the rhythmic
entrainment data for drumming quite a clear picture emerges. When the children
entrain to the beat at the rate of 500ms they are equally accurate when tapping to
either stimuli. They entrain to the simpler metronome beat with greater accuracy

at the rate of 400ms. In all analyses the children find entraining at the slower
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speeds more difficult, but they seem to gain confidence from the metrical
nature of the music whilst drumming at these more difficult pulse rates. This is
also in line with the findings of Drake with reference to the children’s ability to

drum in time to the slow and complex rhythms in Ravels’ Bolero (2000).

In general the results are in line with previous research that confirms that
children and adults can entrain equally well to both a metronome and musical
stimuli if it matches the speed at which they walk, or use gross motor skills.
Styns et al (2007) examined how individuals walk to the sound of either a
metronome or to music and they found that people could generally synchronize
their movements whilst walking with either the music or the metronome at the
500ms rate. This is the also the rate at which most popular music is played, and

encountered by children and adults (Moelants, 2002).

I can say with some confidence that there is a preferential pulse rate of
500ms but one cannot say conclusively from analysis of the data so far whether
the children found the musical stimuli more attractive to entrain to than the
metronome task, and which stimuli would best be used in a classroom to foster
accurate entrainment and therefore improved phonological awareness. The raw
data shows that more children participated in the music tasks than in the
metronome tasks at the quicker speeds, but the differences were not significant.
Further research would be necessary to provide a conclusive answer to this
question, but at present it is not unreasonable to conclude that since listening,
and playing along with music, is a more engaging activity carers would be more
likely to engage with music that has a metrical and predictable structure than the
simpler metronome sound (Patel, 2011). Drake (2003) also postulated that the
children would respond most accurately to music from within their culture with
a steady well defined beat, and Hannon and Trehub (2005) also reported that
infants responses were greatest when the music they heard was familiar to them.
If both the metronome and music played at 500ms give the children the greatest
opportunity to entrain accurately, then it is sensible to use the stimuli that they
preferred. Further analysis of the data when correlations were taken between the
temporal measures and phonological awareness skills showed that there were
more significant relationships between drumming to music and phonological

awareness than when the relationships were tested between the PA skills and
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b)

drumming to the metronome. This gives further weight to using music within an

early years classroom to improve phonological skills.

Without correlation with other cognitive or phonological measures one
cannot say from this data whether the preference for the 500ms rate is a
biological response, or one coming from increased exposure to music at this rate.
Data confirming this hypothesis can be gleaned from the correlations between

the entrainment tasks and phonological awareness discussed below.

Accuracy of metrical perception in the singing tasks in the Full
Study (See appendix H)

In an early year’s classroom environment the most often found musical
activity is to sing, and more children were able to participate in the singing tests
than in the tapping tests (173 mean complete scores for singing and 158 for
tapping). Because song and speech are naturally related then investigations have
focused on whether increased exposure to song might influence the children’s
phonological awareness (Schon, 2008). This theory maintains that the emotional
aspects of a song could increase the level of arousal and attention, and the
presence of pitch contours may enhance phonological discrimination, since
syllable change is often accompanied by a change in pitch. However this
research has found that although more children contributed responses to the
singing tasks, and their ability to synchronise at different speeds was greater
there was no consistent pulse rate that was linked to the phonological skills
under review, and after correlation with the phonological measures I found less
significant correlations than those found with the drumming tasks.

In a classroom sometimes children will sing along with the teacher’s
voice or to pre-recorded music and at other times their singing might be quite
spontaneous. Depending on the activity one might want to sing a known song
faster or slower, and the children in this study showed a remarkable capacity to
sing known songs at different speeds with equal accuracy according to a simple
instruction :- “Let’s sing a hello song for a dinosaur” — or “Let’s sing a hello
song for a duck”. Ducks move faster than dinosaurs so the song can go faster.
Perhaps because the children had experience of singing songs at various pulse

rates I found no preferential rate at which they sang more accurately than

211



another.

In the Singing in Time test which compared the children’s responses to the
Hello Song at 4 pulse rates I found in an analysis that scored the children’s
responses as a gross error from the beat that not only were the children more
accurate at the rates of 400 ms and 500 ms, but they were also more accurate at
the rate of 666 ms in comparison to the slowest rate (1000 ms). In Figure 10.1.3

we see a visual representation of this analysis.

Flgure ] 0 I 3 Full Sample Trends in Singing in Time Tasks
Current effect: F(3, 573)=71.956, p=0.0000
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In the second method of analysis, when the scores reflected whether the
children anticipated or delayed their responses we see a different trend and this
analysis showed greater differences between the various effects of pulse rate.
(Figure 10.1.4) The children were most accurate at the 666ms rate with only a
small deviation from the exact point of synchronisation (- 7.5 ms). In line with
the effect we saw in the drumming tasks the children anticipated the beats at the
slower rates, and delayed their responses at the quicker rates. Both analyses

show that the children performed inaccurately at the 1000ms rate.
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Singing in Time data
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Figure 10.1.4
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Both the Singing in Time tasks and the drumming to music tasks involved
playing or singing to a musical backing track, and I expected that if a general
rhythmic embodiment is present in young children, then the accuracy of singing
in time should be correlated with the accuracy of playing the Bongo drums in
time, particularly if a musical accompaniment was present, supporting the
rhythmic and metric structure. Relations between temporal accuracy in the
rhythmic entrainment and singing tests were explored by computing partial
correlations between the beat alignment with music task and the Singing in Time
task, taking general cognitive ability (WPPSI) as the covariate. In the full study
I found that the Singing in Time task was significantly correlated with 1.Q. for
the rates of 400 ms and 500 ms and the beat alignment with music task was
significantly correlated with 1.Q. for the 500 ms rate (See data in appendix H).
The metronome task was not significantly correlated with 1.Q. at any rate. There
were many more significant correlations when the rhythmic entrainment task
involved musical accompaniment than when the entrainment task did not

involve music (the metronome measures). (See Table AH3)

Figure 10.1.4 shows that in the Singing in Time tests we get a more
ambiguous picture in terms of a preferential rate. Using the gross error scores
we see little difference in the children’s performance at 400, 500 and 666ms

rates. However in the second analysis we can see quite clearly that for the first
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time in the entrainment analyses that the 500ms rate is more inaccurate than any
other rate, even the 1000ms rate, with a delayed response time of 63ms.

In the Singing the Rhyme measures, which asked the children to sing
along with either a musical accompaniment or just to a voice, the results once
again showed that in the Full Study the 500 ms (2 Hz) rate was the temporal rate
for which rhythmic accuracy was highest. There was a benefit from a + Music
experience for the most accurate speed (500 ms), as keeping the beat was
significantly better at this rate when the children were singing along to music
than to a voice alone. (See table AH2). The Music also provided more support

at the 666ms rate.

The scores from the Rhyme tasks were only taken on specific words or
syllables. This is, arguably, a poorer measure of entrainment than the other
protocols I used where I could measure a series of data points in each task (16 in
the drumming tasks and 6 in the Singing in Time tasks). It is still, however, a
measure of entrainment because the children need to anticipate where the
missed word comes in the nursery rthyme from the previous series of rhythmic

accents.

Overall, I found that even though singing is a good measure of rhythmic
embodiment, when I looked at the correlations between the temporal accuracy in
singing I found that it was not strongly related to phonological awareness. This
to a certain extent was surprising since the data I have reviewed and collected
shows developmental links between rise time perception, rhythmic entrainment
and phonological awareness. It has shown the core importance of rhythmic
entrainment to metrical structure (the succession of stressed syllables) for
successful language acquisition by children. In singing the relationship between
accented notes and syllables, particularly in children’s songs, is very strong.
Singing is a universal form of vocal expression and a social act, and we are
beginning to find evidence that entrainment is improved by the social condition
(Kirschner and Tomasello (2009). Further recent evidence from adult studies
has shown strong links between poor rhythmic entrainment and poor singing so
one can surmise that the opposite is true. Most occasional singers can sing in
tune and in time (Dalla Bella et. al., 2007), and can successfully imitate tones

and short melodies (Pfordresher & Brown, 2007). Yet, important individual
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differences have been observed, with some individuals (i.e., poor singers)
singing out of tune and/or out of time (e.g., Dalla Bella & Berkowska, 2009;
Pfordresher & Brown, 2007). This research has concluded that variability among
occasional singers is related to their ability to synchronize with a beat. The
question of whether accurate pitching of the notes when singing improves beat
perception is largely un-researched in children of this age when their vocal
representation of pitch is so immature. In the Schon et al, research (2008) with 8
year-old children, they combined linguistic and musical information and
compared language learning based on speech sequences to language learning
based on sung sequences. Their results confirmed that song was a useful means
for helping children segment new words. They could not however exclude the
fact that the results favouring their musical intervention was not due to structural
and motivational properties found in the music. It does appear that melodic
patterns can contribute to a listener’s sense of meter and that listeners also
respond differentially to various combinations of melodic and temporal accents
(Hannon, Snyder, Eerola, & Krumhansl, 2004; Jones & Pfordresher, 1997),
especially if the relative salience of different accent types are well calibrated, as
in the matching of lyrics and music (Ellis & Jones, 2009). However most present
research implies that rhythmic information is significantly more important than
melodic accents in predicting listeners’ perception of meter (Hannon, Snyder,
Eerola, & Krumhansl, 2004; Snyder & Krumhansl, 2001) and some researchers
(Huron and Royal, 1996) have even questioned the effectiveness of melodic
accents for marking meter, suggesting that melody and meter are perceptually

independent.

10.2 Research Question 2

* Will accurate metrical perception predict improved phonological

learning?

The second research question explores whether the speed at which the
children were able to entrain to the beat, actually matched with their ability to
process phonological awareness skills, such as identifying and manipulating

syllables and rhymes. These comprised two tests of thyme awareness, and two
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tests of syllable awareness. As the children were very young, I used both

picture-based tasks and oral tasks to measure their phonological awareness.
Picture RhymeTask. This task was taken from James et al., 2005. Children
were shown a cue picture and three alternative choice pictures. They were
asked to select the alternative that rhymed with the cue picture (e.g., key, sea).
There were 24 trials in total.
Oral Rhyme Task. This was the Oral Rhyme Test from the PhAB
(Phonological Awareness Battery, Fredrickson & Frith, 1997). Children were
asked to identify which two of three words sounded the same at the end (e.g.,
sail, boot, nail). There were 21 trials in total.
Picture Syllable Task. This task also came from James et al., 2005. Children
were shown a cue picture and three alternative choice pictures. They were
asked to select the alternative that had the same number of syllables as the cue
picture (e.g., torch: nurse, camel, tiger). There were 27 trials in total.
Oral SyllableTask. This task was adapted from Treiman and Zukowski
(1996). Children were presented with pairs of words spoken by a puppet, and
had to tell the experimenter whether the word pairs shared a syllable or not
(e.g., compete, repeat). There were 40 trials in total.

In addition to these tasks the testing protocol used three measures of
cognitive ability. Two tests were taken from WPPSI R, (Information and
Picture Completion) to test general intelligence. A further measure used the
teacher’s own assessment from The Foundation Stage Profile (Qualification and
Curriculum Authority, 2008) and used the Communications, Language and
Literacy subset to assess the children’s general understanding of pre-literacy
skills. The third test was a Word Recall Test from the ‘Working Memory Test
Battery for Children (Pickering and Gathercole 2001).

In the results chapter we saw that the performance of the children in
Studies 1 and 2 were well matched in both cognitive and P.A. measures but the
results of the tests were sometimes at variance with each other, so it was

important to look at the results from the full study.

Performance in all four of the phonological awareness tasks was
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significantly correlated with 1.Q (WPPSI) so 1.Q. was controlled using partial
correlations. I expected to find relations between temporal accuracy and
phonological awareness in both the syllable and rhyme tasks, since accents mark
the syllable onset or more specifically the perceptual centre (the ‘p’ centre), and
this is also a cue to the onset-rime division of the syllable, that therefore would
aid perception of rthyme placement in either a song or the speech stream. The
results showed that this expectation was in place, but by far the strongest
relationships were found in the entrainment measures to drumming with a
musical accompaniment rather than drumming to the metronome or in the
singing tasks.

Relations for the rhythmic entrainment tasks with the drumming tasks are
shown in Table AH 4 and relations for the singing tasks (Singing in Time,
Singing the Rhyme with and without musical accompaniment) are shown in
Table AHS in appendix H.

Inspection of the results from the correlations between phonological
awareness and drumming revealed only one significant relationship for the
metronome task. Drumming at the 400 ms rate was significantly related to
performance in the oral syllable task. However for the drumming to music task,
both the 500ms and 666ms rates showed significant correlations with
phonological awareness. For the 500ms rate the significant correlations were
with oral rhyme awareness, picture rhyme awareness, and oral syllable
awareness. For the 666ms rate there was a highly significant relationship with
the picture rhyme awareness task. The results show that for different measures
of rhythmic entrainment (to a metronome or to music), all the rates of greatest
pulse salience (400ms, 500 ms and 666ms showed some significant correlations
with oral language processing (phonological awareness of rhymes and
syllables). For the Singing the Rhyme measure, the 400 ms rate in the +Music
task was significantly correlated with picture rhyme, and with picture syllable.
In the Singing the Rhyme measure — Music task there was one significant

correlation between drumming at 666ms and the Picture Rhyme test.

The most consistent relationships between rhythmic entrainment and

phonological awareness occurred for drumming to music at 500 ms (3 out of 4
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correlations significant, and the correlation with the picture syllable task just
missed significance). So in this research I found that individual differences in
the temporal accuracy of entrainment by young children do show some
significant connections with their phonological awareness and the first research

question could be answered in the affirmative.

10.3 Research Question 3

* Are there auditory and temporal processes that are used in perceiving both
music and language?

The answer to this question is ‘yes’. However we need to qualify that to a
certain extent because the research and information flow on the topic is very new
and many are dependent on findings from small sample studies of the brain
where researchers have searched for activity that involved auditory processing in
both language and music. There are as yet very few large participant studies with
young children that can apply the findings of the brain-based research into
educational practice. This study has been designed to add knowledge to this

area of research.

Increasing neuro-scientific evidence shows that the brain has the ability to
adapt to changing circumstances. It has “plasticity’.*> The implications for this
are that with ‘training’ the brain can both re-distribute resources to areas of the
brain that have lost function, or increase the capacity of some areas of the brain

to facilitate enriched performance.

The importance of music as a tool for change is exemplified in the work

with brain damaged patients who have lost the capacity to speak.

Research has shown that the brain can adapt after stroke or serious injury.

Patients suffering from ‘aphasia’ where they have lost the ability to produce or

> Neuroplasticity (from neural - pertaining to the nerves and/or brain and plastic - moldable or
changeable in structure) refers to changes in neural pathways and synapses which are due to changes in
behaviour, environment and neural processes, as well as changes resulting from bodily injury.
Neuroplasticity has replaced the formerly-held position that the brain is a physiologically static organ,
and explores how - and in which ways - the brain changes throughout life.
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comprehend language have been helped to speak again after intensive ‘Melodic
Intonation Therapy’ (Schlaug et al 2008). Where the brain has been damaged
after a trauma in the left hemisphere, where language skills are generally found
the MIT therapy has been responsible for recruiting speech production regions in
the right hemisphere in order to facilitate the recovery process. The MIT therapy
uses a melodic contour that follows the prosody of speech and rhythmic tapping
of the left hand accompanies the production of each syllable and serves to
improve fluency. After intense treatment, patients who were totally incapable of
saying their own name or reciting the words of “Happy Birthday” could do both.
During the therapy, the patients practised singing phrases and then slowly
brought the musical contours into more acceptable speech prosody. The effects
were long lasting. (Schlaug et al 2009).

If the childhood brain can adapt to training then this is of particular
importance in helping children with difficulties in perceiving and decoding their
language to perform with greater efficiency. It means, fundamentally, that
appropriate interventions can be effective because we know that the childhood
brain is able to re-organise itself in response to circumstances and stimuli and
performance in cognitive function can change.

Schellenberg, (2005) and Schellenberg & Peretz, (2008) investigated
whether there were any causal links between enhancement of IQ and
instrumental music lessons. In 2004 Schellenberg had concluded that there did
seem to be some transfer but he still raised doubts about the possible causes of
the transfer because he considered that there might be many other contributory
factors connected to experiencing music lessons that could equally well have
increased the children’s 1Q scores, such as the very fact that they had increased
learning opportunities, or that it was enjoyable, and significantly that they might
have had more latent ability. These concerns were repeated in a 2008 article
(Schellenberg, 2008) concerning the impact of music on 1Q. However in more
recent research (Moreno & Schellenberg et al, 2011) it was suggested that a
more focused short computer based musical training programme could improve
verbal intelligence and show causality. The children’s cognitive and musical
ability was matched carefully prior to the intervention and the training with the 6
year-old children was based on a combination of motor, perceptual, and

cognitive tasks that included training in rhythm, pitch, melody, voice, and basic
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musical concepts. This training relied primarily on listening activities. Their
results showed that over 90% of the music-group participants improved their

verbal intelligence.

10.4 Research Question 4

* Can auditory and temporal processes enable the extraction of periodic
structure and rhythm, and can one assume that individual differences
in the quality of these basic auditory processes affect the development

of language and musical cognition?

In the literature review I looked at the very origins of speech and
language and found that there is now a wealth of neuro-scientific research
showing that the two are inextricably linked in the oldest part of the human
brain — the brain-stem.  Both Grahn, (2007) and Strait and Kraus (2012),
amongst others, suggest that the brain-stem processes the temporal rhythms that
help the brain to extract and process information from the auditory cortex that is
then used to extract information that can be turned into speech or the motor
skills that drive rhythmic reactions to music. And it is in this area of temporal
and rhythmic processing that we can see the closest and most relevant links
between the ability of the brain to process the acoustic signals that lead the child
to discriminate the onsets in the speech stream, and the accents that generate
meter in music.

The study of neural (brain) plasticity involving music and language was
one of the first areas explored by neuroscience because it was thought that
because both involved analytic listening and shared mechanisms and underlying
brain structures (Patel 2010) it was reasonable to suggest that when there were
functions that were common to both areas, such as compatible processing
speeds in music and phonological awareness skills then transfer could occur
between the two domains. The corollary of this is that when there are deficits in
both speech and music, and they originate in the same processing mechanisms
in the brain then improvement in one might lead to improvement in the other.

Goswami (2002, 2010) has shown that one such common area involves

decoding signals associated with amplitude envelope patterns because decoding
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of subtle changes in accent within the amplitude envelope is an important
feature in both speech and music perception. In speech, the amplitude envelope
plays an important role, because within it we find cues to speech rhythm (e.g.,
stress) and syllable boundaries, which in turn help listeners segment words from
the flow of speech (Cutler, 1994). The amplitude envelope is also an important
acoustic feature of musical sounds. Research has shown that the amplitude
envelope is one of the major contributors to a sound’s musical timbre (e.g.,
Caclin et al., 2005). Changes in the structure of the envelope allow a listener to
distinguish between the sounds of a bell or a violin. Rise-time is also involved
in the amplitude envelope at tone onset in music and is an important cue to the
perceptual attack time of musical notes, and thus to the perception of rhythm
and timing in sequences of musical events (Gordon, 1987). Patel (2011)
proposes in his OPERA hypothesis that since the envelope is an important
acoustic feature in both speech and music then:-
“musical training which relies on high-precision envelope processing could
benefit the neural processing of speech envelopes, via mechanisms of adaptive

neural plasticity” pg 10

Studies of early phonological development in English suggest that infants
and very young children learn to listen for the stress or accents as part of the
phonological representation of a particular word (e.g., Farmer and Klein, 1995).
Many English words used with infants and young children follow a strong—weak
pattern (mummy, daddy, baby, doggie), and so it is possible that familiarisation
with these common stress patterns plays a role in the development of their
knowledge of how words are constructed. In general, strong syllables are louder
and longer than weak syllables, and have a higher pitch frequency. Sensitivity
to the predominant stress patterns of English words is clearly important for
segmenting words and syllables from the speech stream, and therefore for
phonological representation (see also Echols, 1996; Mattys & Juscyk, 2001).

Saffran (1999, 2003) identified that infants used similar mechanisms to
track both linguistic and musical cues in order to comprehend the speech of their
parents. The research proposed that an infant looks implicitly for statistical

probabilities as she/he tries to differentiate and segment words within the speech
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stream. If the infant hears the syllable ‘pr’, it is statistically likely to be followed
by ‘ti’ (80% probability) in an infant /carer relationship. If the infant then hears
‘bay’ it is likely that the next syllable will be ‘be’ — making ‘pretty baby’. The
research showed that infants became more efficient at isolating the syllable
groupings when these groupings were linked to a simple musical phrase.

More recent research by Kotz and Schwartze (2010) proposed that speech
perception is inherently linked to rhythmic timing via the perception of
rhythmically prominent syllables (stressed syllables). They argued that stressed
syllables, cued by rise time, provide a rhythmic temporal structure that might be
used by the brain in encoding and understanding speech. In other words these
stressed cues are analogous to the accents found in music and they infer the
perceptual beat or rhythm of a particular speaker’s utterances. Both Kotz and
Shwartz and Goswami argue that speech is inherently rhythmic and that the
accents in speech (the P-centres linked to the onset of the vowel nuclei - rise
times) help the brain to find the stressed syllables that are important events in the
temporal structure of the speech signal, and that oscillatory mechanisms found in
the Delta and Theta frequency bands are important in the neural encoding of this
rhythmic temporal structure.

If human utterances are structured so that stress beats lie at privileged
phases of a higher-level prosodic unit, for example marking word onsets or
phrase-level information (Cummins & Port, 1998; Greenberg, 2006), then
periodicity might be the key organisational principle underlying phonological
structure in human speech. This is akin to the way we have seen that children
are able to see the rhythmic musical patterns in ‘chunks. They can order their
listening in phrases (Bamberger and Davidson) and are aware of when the
phrase is coming to an end (Koelsch, 2003). The strong metrical qualities, based

on accented patterns facilitate this.

On the basis of these theories I therefore expected there to be strong
links between the ability of the children to entrain to strongly accented
musical stimuli and their ability to recognise syllables and rhythms in the
phonological awareness tests. If correlations occurred at specific pulse rates
it would be indicative of entrainment and neural efficiency in decoding

syllable-level events in the speech signal at those rates.
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I found that children were accurate in their entrainment to drumming
tasks at speech-relevant rates (400 ms, 500 ms and 666 ms — 2.5 Hz, 2 Hz and
1.5 Hz) and therefore it might be expected that they might also be more
efficient at using the temporal structure within the speech signal for encoding
and understanding speech (Kotz & Schwartze, 2010), and for developing
high-quality phonological representations (Goswami, 2011). These rates fall
within the Delta (1.5 — 4 Hz) frequency bands shown to be important in recent
auditory neuroscience studies of speech encoding by the brain (see Hickok &

Poeppel, 2007).

I also found that the most consistent rate throughout the correlations
between the phonological measures and drumming was at 500 ms (2 Hz) (3 out
of 4 correlations significant, and the correlation with the picture syllable task just
missed significance). Stressed syllables occur approximately every 500 ms (2
Hz) across languages (Arvaniti, 2009), and other biological studies also
converge on 500 ms as an important “resonant frequency” in human movement
(MacDougall & Moore, 2005), particularly when humans are engaged with
music (Moelants, 2002) or with rhythmic speaking (Fant & Kruckenburg, 1996),
it was also suggested that 500 ms may be a developmentally important temporal

rate for assessing relations between rhythmic entrainment, music and language.

If we are to use this rate and the knowledge that we have acquired about
the plasticity of the brain and its ability to change and adapt we can gain
greater confidence to apply the results found in the study and apply them in an

intervention to help children with language and literacy difficulties.

Liberman (1975, 1977) originally proposed that speech, music and dance
all conformed to the ‘‘metrical organisation hypothesis”, that all temporally-
ordered human behaviour is metrically organised. If children find it difficult to
respond to these strong rhythmic properties in music, or in rhythmic speech then
we find that they do not progress from a fluency in language to a fluency in

literacy.

Children with language-based learning impairments not only have
difficulties in speech segmentation tasks (Evans et al. 2009) and an

impoverished perception of speech rhythms (Abrams et al. 2009; Goswami et al.

223



10.5

2011), but also have a poorer performance than typically developing children in
tasks involving musical metrical structures (Thomson, 2008, Huss, Verney et al .
2011, Goswami and Huss et al 2012). This strongly supports the view that
musical training, by fostering rhythm perception and production, may have an

important role for the development of language skills in children.

Research question 5

* If rhythmic structure and temporal isochrony is more overt in music
than in language and enables the accurate segmentation of syllables and
words from the speech stream, is it possible that musical interventions
could improve reading skills in children with developmental language

disorders. (Goswami 2011, Overy, 2000, 2003; Forgeard et al., 2008)?

The literature discussed suggests that rhythmic timing in language
development is linked together with rhythmic timing in music within the
amplitude envelopes that are processed by overlapping brain circuits. These
conclusions have been researched within the area of developmental dyslexia,
because of the obvious deficit these children have in learning to read. Even at
the ages of 2 and 3 years, before testing for phonological awareness can usually
take place, Smith et al (2008) reported speech timing difficulties in children who
had a genetic risk of developing dyslexia. Comparisons with rhythmic beat
perception or drumming to music have not been researched with this age range,
but it might be a fruitful avenue for future research to track the emerging

problems in both domains.

In my research with the 4 and 5 year-old school age children, even though
the pulse rate of 500ms was linked to phonological awareness skills I found no
correlations with the pulse rate of 500ms in the correlations between beat
perception and reading. However this rate has proved extremely important in a
series of experiments with dyslexic children who were older (10 years of age) in

aligning reading skills to musical metrical perception.

In previous interventions that have included rhythmic entrainment as a tool

to improve reading with dyslexic children (Overy, 2000, 2003; Forgeard et al.,
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2008) some evidence has accrued to support the theory that training in music
does support improved reading performance. Two recent studies with dyslexic
children, rather than focusing on varying musical characteristics have focused on
identifying a strong link between a deficit in processing rhythmic information at
the specific pulse rate of 500ms and deficits in word reading. There is,
therefore, a case to say that focused interventions in musical beat perception
could be more helpful in improving phonological awareness and future reading

skills than a more generic music intervention.

Alongside Martina Huss (2011 & 2012) I devised a quasi - musical
metrical test to be used in addition to tests showing how the children responded
to rise time (see Chapter 2.5). Initially this test was described as a ‘musical
metric task, but since there is no change of pitch it is more accurate to describe it
as a task to explore musical beat perception. The chosen pulse rate of 500ms
was based on emerging evidence from the MEd pilot study I conducted in 2008
which had shown a strong relationship between this pulse rate and phonological
awareness ability. Linguistic reviews of rhythmic processing had also shown
that, across languages, stressed syllables occur on average every 500 ms (2 Hz,
Arvaniti, 2009). The test used a natural sounding chime bar tone pitched at G
(392 HZ). The sound files were created using Sibelius Version 4 from a sampled
sound set produced by Native Instruments (Kontakt Gold) so the notes sounded
musical with appropriate timbre and slow decay times. The children had to
detect either short (100 ms) or long (166 ms). small delays in the rhythm
structure within a two bar phrase. Each note that was delayed was also accented.
In each task the children listened to two phrases and had to make a same-
different judgement:- were the two “tunes” the same or different? Performance
in the musical beat perception task along with age and 1Q explained over 60% of
the variance in concurrent single word reading in their sample of 64 children.
The musical beat perception measure showed stronger associations with reading
(predicting 42% of unique variance) than traditional phonological awareness
measures (a thyme awareness measure, which predicted only 33% of unique
variance). The researchers concluded that the predictive strength of the musical
beat perception measure arose in part because certain aspects of auditory

processing are related to both musical perception and phonological awareness,
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which is related to reading development (Anvari et al., 2002). In line with my
findings sensitivity to pitch was not related to reading development, whereas

sensitivity to rise time was.

This suggests that Huss et al.’s accented beat perception task was
measuring something of perceptual importance to the development of
phonological awareness and reading. As reading development is tied so closely
to the development of phonological awareness, Huss et al. (2011) found that the
accurate perception of metrical structure was likely to underlie both musical and
phonological (prosodic) processing. These finding were replicated in a further
test of the children one year later, giving increased weight to their hypothesis. In
fact the dyslexic children performed with less accuracy than in the previous year
supporting the theory that their deficit in beat perception was deeply seated.
(Goswami and Huss, 2012).

In answer to the fifth question my research strongly supports the linkage
between deficits in musical beat perception and reading. It also strongly
suggests that the pulse rate of 500ms is critical not only for its linkage to
phonological awareness skills, but it can act as a predictor for finding deficits in
children with developmental dyslexia. =~ Whether that beat-based programme
should be musical, or perhaps include other significant motor skills that are
linked to the pulse rate of 500ms is once again not specifically proven. A
systematic investigation of the developmental effects of rhythmic co-ordination
such as dancing or marching on speech and language outcomes is necessary.
Research from sports psychology found that athletes can become more focused
if they listen to music played at between 120 and 140 bpm prior to competing in
an event. (Bishop et al., 2007). Within this domain research has consistently
shown that the synchronization of music with repetitive exercise is associated
with increased levels of work output. This applies to such activities as rowing,
cycling, cross-country skiing, and running. Musical tempo can regulate
movement and thus prolong performance. Synchronizing movements with music
also enables athletes to perform more efficiently, again resulting in greater
endurance. In one recent study, participants who cycled in time to music found

that they required 7% less oxygen to do the same work as compared to cycling
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with background (asynchronous) music (Bacon, Myers, & Karageorghis, 2012).
The implication is that music provides temporal cues that have the potential to

make athletes’ energy use more efficient.

Research into the coordinated movement of young children is now
possible, with the advent of accurate synchronisation methodology using
computer generated image and sound integration techniques (Bruyn et al 2009)
and may support the intuitions of some prominent educational theorists about the
centrality of embodiment to cognitive development (Jacques Dalcroze, 1980;
Kodaly, 1974). The Bruyn study is interesting, because it mirrors the research
by Kirschner and Tomasello, (2009) showing that synchronization in dance was
also linked to a social condition. The children and adolescents performance

improved when they danced with others.

My data in general provides support for the idea that the co-ordination of
rhythm in voice and bodily motor movement could be related to phonological
development, supporting Cummins’ view that rhythm in speech and rhythm in
music are related via embodiment and entrainment (Cummins, 2010). The data
also suggest that such activities with young children could usefully be based at
the 500 ms rate, but they do not suggest that this is the only developmentally
valuable rate. However one can relate the findings of synchronisation and

entrainment at 500ms to a non-musical activity — rhythmic speech.

10.6 Research Question 6

* s it possible that the rhythmic attributes of rhythmic speech are as, or
equally, effective in helping children to segment the speech stream and
therefore gain greater understanding of the skills required to process
phonological information, and in so doing become more able to decode

the language in readiness for reading?

If the temporal sampling theory has validity then the only way to a test the

theory is via experimental studies where groups of individuals are matched at
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the outset in terms of behavioural measures and musical ability, and then
exposed to different amounts of musical or rhythmic training. If musical
training improves phonological awareness abilities, then this would be strong
evidence for shared neural resources. The key areas of discussion regarding the
intervention programme is whether the music training programme helped the
children to increase awareness of phonological skills. If it did then it would be
in line with many previous studies. The second, and perhaps more important
question is whether it outperformed the speech based intervention, that also

used a comparable rhythmic teaching methodology.

The three groups, speech, music and control were selected on the basis of
their WPPSI R**scores. 9 children were rejected from the study on the basis of
either their very high or low scores.  Three further tests scores from the
psychometric pre-test data were compared to establish the comparative nature of
the three groups. No statistical differences were found so the groups seemed to

be well matched.

Further tests on the children’s musical ability in drumming and singing
were analysed. There were no differences in the ability of the groups to attempt
the tasks, and only one statistical difference was found in their ability to drum or
sing to the pulse rates at 400, 666 and 1000ms. Surprisingly, given the previous
analysis of the data the children in the speech group performed with greater
accuracy in the drumming and singing tasks at the 500ms rate. There were no
statistical differences between the music and control groups (see Tables 9.4.1).
The difference in accuracy at the 500ms rate between the intervention groups is
not the important factor. What is significant is the stability of performance at
this rate, especially in the metronome task. There was only a marginal
improvement in both groups of Sms between pre and post-testing, suggesting
that the training did not impact on this underlying processing rate. In the control
group the change between pre-and post-testing in the drumming to metronome
task was only 1ms. In the 500ms drumming rate to music there was once again
only a marginal improvement between groups. The music groups performance
scores improved by 17ms and the speech group improved their scores in this task
by 13 ms. In the control group the difference was only 10ms. This might

suggest that any improvements were either purely by chance or perhaps by
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maturation. The analysis confirmed that these improvements between groups

were not significant.

In both the Pilot study and Phase 1 of the study the overall results in the
musical entrainment tasks suggested that the most appropriate rate on which to
base an intervention to improve phonological awareness would be the 500ms
rate. The results outlined above confirm the stability of this rate. The intention
of the study was never to improve performance in a musical sense but to
improve the children’s phonological skills, so the success of the training
programmes was dependent on improved results in the phonological awareness

tasks in the intervention groups.

The results showed that the intervention based on the rhythmic
entrainment rate of 500ms was successful in improving the phonological scores
in both training groups. In the rhyme tasks all groups, including the control
group made similar improvements during the training period. The music group
made a near significant improvement over the control. However the
methodology employed favoured improvement in the syllable tasks rather than
in the rhyme tasks. Both in music and rhythmic speech we can easily discern
when a beat matches a syllable. The rhythmic nature of the intervention
therefore favours this connectivity, and both intervention groups outperformed

the control group.

The important outcome of the training programme was that both
intervention groups made improvements over the control, but there was no
statistical difference between these groups. This result therefore would suggest
that it was the rhythmic nature of the intervention based on the 500ms (2 Hz)
rate that contributed most to the improvements. This is in line with the
expectations of Cummins (2010), who speculated that playground chants were of

equal importance to stimulating the processing of phonological skills.

It casts some doubts over previous intervention studies that have made no
effort to differentiate between rhythmic qualities found in music and those found
in speech, especially when they are highlighted as rhythmic chants. A rhythmic
musical intervention is most likely to be more effective than an intervention that

uses naturally spoken speech, but not necessarily one that uses rhythmically
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spoken speech. The difficulty of comparing like with like is highlighted if one
only uses a music based intervention to track improvements in phonological

awareness. It is difficult to assess causality.

Bolduc (2009) compared the effect of two music programs on
kindergarten children. One music program employed musical activities to
increase interest in reading and writing in preschoolers with special needs,
whereas the other music program was primarily designed to enhance musical
abilities. The music program that focused on enhancing reading and writing was
more efficient in enhancing phonological awareness than the other music
program. Because there was not a control group without music training, it
remains unclear whether both programs significantly enhanced the phonological
awareness of the children. Additionally, it is not clear whether the advancement
in phonological awareness was due to the music program. I do however agree
with one of their conclusions that shows that an enhancement of recreational
activities such as involvement in musical games are extremely significant during
the pre-school age and involvement in these activities can help pupils to

discover, explore and acquire knowledge through spontaneous activities.

In a quasi-experiment, Gromko (2005) investigated the effect of music
training on phonological awareness (phoneme segmentation fluency in
particular). Children in the treatment kindergarten received music training for 4
months. Children in the control kindergarten received no treatment. Gromko
(2005) revealed significantly greater gains in phoneme segmentation fluency in
the treatment kindergarten children than in the control kindergarten children.
However, because of the pseudo-random assignment of the pre-schoolers to the
treatment and the control group, it is not possible to interpret the results
unequivocally. Children in the treatment group may have systematically differed
from children in the control group with respect to confounding variables. Indeed,
Gromko (2005) reported differences in socioeconomic status between the
groups. Moreover, the control group did not receive an alternative training.
Therefore, the significant gain in the treatment group may simply represent an

effect of extra attention (Hawthorne effect).
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These issues need to be addressed and in the 2011 a research study (Dege,
2011) reported the results from a research project on the effect of a music

program on phonological awareness in pre-schoolers.

This study has a very similar methodology to the one used in this PhD (see
Chapter 2) and the findings are comparable.

They, however, compared a music programme and a phonological skills
project with a control group who received additional sports tuition. Both groups
outperformed the control, but as in this study no difference was found between
them. They interpreted the increase of phonological skill level in both groups
as evidence of a shared sound category learning mechanism for language and
music at preschool age as presented in the “shared sound category learning

mechanism hypothesis” proposed by Patel (2008).

Previous research (Zentner, Eerola, 2011) found that infants engaged
significantly more in rhythmic movement to music and other rhythmically
regular sounds than to either Adult or Infant Directed speech and suggested that
the degree of rhythmic coordination with music is positively related to displays
of positive affect, eg the infant smiled more when listening to music. The
findings are suggestive of a predisposition for rhythmic movement in response to
music and other metrically regular sounds. Indeed the infants, aged between 5
and 24 months moved equally well to music as to a more simple acoustic stimuli
— an isochronous drum beat. They suggest that if there is a predisposition to
move rhythmically and be able to entrain to music perhaps this ability might
have another function. According to Patel (2008) one possibility is that the
involved brain mechanism has a target of natural selection for music; another is
that it evolved for some other function that just happens to be relevant for music
processing. It seems possible that many human activities can become more
efficient if they are taught rhythmically and even parrots are stimulated to dance
in time to music with lyrics (Patel 2009). He speculated that ‘Snowball’ the

dancing parrot showed that:-

“entrainment or sustained movement to a musical beat relies on the brain cir-
cuitry for complex vocal learning, which requires a tight link between auditory

and motor circuits in the brain”. pg 827.
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Taub (2007) found evidence that golf swings were improved after a
training programme in synchronised metronome tapping at an 10l of 500ms. Just
listening to music, both with and without lyrics seems to improve the

performance of highly trained athletes.

The correlations from this study align with results from both the pilot
study and from previous research into rhythmic accuracy in both drumming and
singing. The correlations found in this study are therefore representative of the
general population of four to five year-old children. Similarities in findings
among the current study, the pilot study, and previous research, suggest that
generalization of results to the general population is likely. In addition to
generalizability of findings, the correlations support proceeding with further
experimental research with children in a classroom situation to examine
relationships between rhythmic entrainment and phonological awareness not just
using music, but using many other methods of teaching that are dependent on
rhythmic stability and complex listening skills, such as dance or perhaps

rhythmic gymnastics.

10.7 Research Question 7

* (Can we gain a greater understanding of the skills required to process
phonological information, and become more able to decode the language in
readiness for reading through an increased understanding of the relationship

between the rhythmic properties of speech and music?
The answer to this final research question is more ambiguous.

Within this research with 5 year-old children I did find some significant
relationships between entrainment and the BAS™ word reading test, but the
relationships were not strong. They were however in line with the results shown
in the Anvari et al. study (2002) where they found that although the perception
of rhythm was significantly associated with phonological awareness, it was not

significantly related to single word reading with children of this age.

* The British Ability Scales Word Reading Test (Elliott, Murray and Pearson, 1977). The BAS is an
untimed measure of children’s word reading accuracy normed on a UK population, and presents single
words graded in difficulty for reading aloud.
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The results from this study showed age related differences because the
results varied between the studies. In Study 2, where the children had only been
engaged in learning letter sounds for less than one school term I found only two
significant correlations with the Singing in Time Task at the rates of 400ms and
666ms. In Studyl the children were tested a year after they had been tested in
their music, cognitive and P.A ability. These children were now engaged in a
full reading curriculum, and I found that their word reading scores correlated
with their previous drumming tests at two pulse rates. There were relationships
between the drumming to the metronome at 666ms, and a very near significant
correlation with Drumming to Music at 400ms (p = 0.051). This would suggest
as we had previously thought that the entrainment to Drumming might be a more

significant measure, rather than Singing in Time, for future success in reading.
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11

Conclusions — Future Research

Although there is a long tradition of research that exists on
synchronization with simple metronomes (e.g., Dunlap 1910; Fraisse et al. 1958;
Woodrow 1932, Parncut, 1994), there is relatively little work on beat perception
in sequences where there is rhythmic complexity and slight variations in rhythm.
Even stimuli, such as that which I composed for this research, are far more
complex than the sounds of a simple metronome. This research shows that when
testing the accuracy of young children’s responses to isochronous pulse rates
they will respond with equal or greater accuracy when they tap to music,
especially if it is within their own Western Music culture (Drake & Ben Heni,
2003). It is quite possible that they would respond equally well to ‘real time’
music, in other words to music that is not computer generated, but is played by
‘live’ musicians. The children in the Drake trials heard a recording of a piece of
music played by an orchestra where isochrony is perceived rather than is
actually the case. I would suggest that the success of the children listening to
this piece was because the music is very rhythmical, and that rhythmicity is
caused by the constant metrical accents not only from the drum but also from the
orchestration that mirrors the accents within the music. Of course another aspect
of listening to such a piece of music is it is considerably more exciting for the
young children which means attention to the piece is greater, and of course it is
predictable because of its strong metrical structure.

In the dynamic attending theory of Jones (Jones and Boltz 1989) it was
suggested that there are more than one internal ‘attentional’ rhythm that can
become entrained to temporal regularities in the environment or a piece of
music. This idea has been implemented with computational models that employ
oscillators to model internal rthythms (Large and Jones 1999; Large and Palmer
2002; McAuley 1995). A single oscillator excited by a simple isochronous
sequence produces output with a certain degree of variability. A metrical
sequence, however, excites several oscillators with periods which are multiples
of the basic beat period. Due to the coupling, these different oscillators are
drawn into a stable relationship with each other. The models predict improved

synchronization to a beat when listening to metrical events such as musical
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sequences that are not completely isochronous.

In ‘real’ music the beat can often be quite variable as the musicians seek to
emphasise a phrase. This is termed ‘rubato or robbed time’ in music. The
musician deliberately slows down or speeds up and then returns to the beat at a
later time. You can hear this in almost any singing performance. Surprisingly
expressive timing variation seems to reduce synchronization accuracy but seems
to aid the recovery of metrical structure. Large and Palmer (2002) arrived at
similar conclusions on the basis of computational modeling. Snyder and
Krumhansl (2001) examined the accuracy of tapping with the beat of piano
ragtime pieces as a function of the presence/absence of pitch variation and of the
left-hand part. Whereas pitch had little effect, elimination of the left-hand part

(which regularly marked the beat) made synchronization more variable.

In recent work on beat perception Patel (2005 - 2011) has used only ‘real’
music to track the participants ability to synchronise with a beat. The variety of
stimuli he uses comes from many types of music:- classical, jazz, rock and
‘pop’. The speeds are quite variable but still fall comfortably within the 1000ms
to 400ms range. He uses waltzes (triple time) as well as the more usual duple
time found in marches or rock music. Significantly they are all recordings of

live performances (Some of the rock music will be studio engineered).

The music composed for this study was all generated at a computer, and
any variation in synchronisation in initial playing of the parts was brought into

perfect synchronization by the software (Sibelius ).

Future research should see whether ‘live’ recordings of music elicit the
same results as those found in this study. My instinct is that they would, or
might even be improved as they are more ‘naturalistic’ and contain small
fluctuations in pulse and metre. Drake, Penel, and Bigand (2000) asked listeners
to tap the pulse of musical excerpts in varied Western tonal styles, each
presented mechanically synthesized, mechanically accented, or expressively
performed by a concert pianist. Their results confirmed that musicians and non-
musicians were readily able to coordinate with temporally fluctuating musical
performances. Entrainment with ‘expressive’ versions occurred at slower
frequencies, within a narrower range of synchronization levels. Repp (2002c)

showed that synchronization with expressively timed music was better than
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synchronization with a sequence of identical tones that mimicked the expressive

timing pattern.

The implications for the early years classroom of these findings in the
drumming entrainment tasks is quite significant. The response levels of the
children to music, be it computer generated or possibly to recorded live music, is
equal if not greater than if they respond to a simple metronome task. ~ The more
culturally appropriate stimuli generally elicits the greatest response from the
children. The question that perhaps arises is whether in an intervention that
compared rhythmic speech to ‘real’ music rather than computer generated music

would still have the greater impact on a child’s phonological skills.
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