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Abstract
The ability to read and write is one of the most important skills a child will learn.
Success or failure in this will have a profound effect on the child’s future. Is the role of
preschool to teach children to read and write, or prepare them to become literate?

This thesis investigates relationships between factors identified as having significant
impact on reading and writing success. Foundation prerequisite skills and demographic
data of 329 preschool children in Darwin, Palmerston and the surrounding rural area of
the Northern Territory (NT), Australia are examined.

Three standardised instruments were used to measure a range of skills associated with
literacy acquisition. As expected, age was a significant factor in all sub-test mean
scores. Children achieved higher mean raw scores as age increased. The majority of
children performed at or above expected age-adjusted mean score levels in most subtests, although would not be expected to be able to read even with these age
appropriate skills. Many children also achieved low scores in some sub-tests,
reflecting the diversity of childhood experiences prior to preschool entry. Few children
scored below average in more than 5 of the 17 sub-tests. Parent socio-demographic
features, for example the number of years the child’s mother spent at high school, had
a significant influence on sub-test scores: child demographic features such as
handedness and Indigenous status however did not. The interconnectedness of skills
is also seen in the significant associations between sub-tests.

Prerequisite skills central to reading and writing acquisition and the role these skills
play in preparing children for formal and explicit teaching are discussed, as is the
importance of this range of skills to be included in quality early childhood programs.

xxiii
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Chapter 1: Introduction
Being literate has significant positive lifelong benefits that will affect most aspects of a
person’s life including employment, health status and financial success (Reynolds,
Temple & Ou 2003; Reynolds et al. 2007; Undheim & Sund 2008).

Literacy standards are an issue nation-wide in Australia but are of particular concern in
the Northern Territory (NT). The National Assessment Program—Literacy and
Numeracy (NAPLAN) is an Australian Federal Government assessment program
implemented to measure literacy and numeracy across the nation. Students are tested
in Years 3, 5, 7 and 9 in five domains: reading, writing, spelling, grammar and
punctuation, and numeracy. The NAPLAN Summary Report provides an overview of
results in each domain for each Australian state and territory. The 2009 results showed
the NT to have the lowest percentage of students at or above the National Minimum
Standard in each domain and in each of the four year-bands (Australian Curriculum
Assessment and Reporting Authority 2009).

Another component of the Federal Government’s national literacy strategy was the
proposal to introduce a consistent, single intake of students into the education system
across all states and territories of Australia. Although this Federal Government initiative
has not been adopted nationally, in 2004, the NT Department of Education and
Training introduced a trial of an ‘Early Entry’ policy in 10 NT schools. This policy
enabled children to commence non-compulsory preschool if they turned four years of
age, on or before 30 June of the same year. The ‘Early Entry’ policy was extended to
all NT schools over subsequent years.

With children entering the education system potentially as young as three and a half
years of age, the issue regarding appropriate curricula and optimal age to commence
formal literacy instruction was raised. The timing of the introduction of formal instruction

1

in reading and writing to children needs to be evidence-based, rather than using the
current laissez-faire approach. The importance of education professionals appreciating
the establishment of solid foundation skills before teaching formal literacy is a factor in
improving literacy outcomes. Identifying the prerequisite skills of literacy and
understanding the sequential nature and degree of expertise required in each skill was
a motivation to undertake this research.

Children entering preschool have had three to four of years of diverse experience and
are unlikely to have the same level of neurological maturity, language skills or degree
of social and emotional development as their peers. Neuman et al. (2008) suggest the
divergent range of skills in children is greatest as they enter preschool. Determining the
level and range of skills of the individual child and teaching appositely is consistent with
evidence-based education instruction (Copple & Bredekamp 2009; Neuman, Copple &
Bredekamp 2008; Neuman & Roskos 2005).

1.1 Pre-Compulsory Education Programs: Terminology
The terminology used to describe education programs available to children two years
prior to compulsory education age varies from state to state in Australia and around the
world. In this thesis, the term ‘preschool’ in an Australian context refers to the year of
schooling two years prior to the first compulsory year of school at age six (see Table
1.1).

1.2 Overview
The benefits of children accessing education programs early in their life have been
reported in numerous longitudinal studies. One of the best known is the 1962 Perry
Elementary School project from the United States (US). This project provided evidence
that preschool programs for children from disadvantaged backgrounds had many
2

unexpected social benefits for participants later in life ranging from fewer crime
convictions to higher income (Anderson et al. 2003; Reynolds, Temple & Ou 2003;
Williams & Williams 1995).

Table 1.1: State and territory terminology for pre-compulsory education
programs in Australia
State/Territory

Two years prior to
compulsory education*.
(Approximate age: 3 to 5
years)

Year prior to first year of
compulsory education†.
(Approximate age: 5
years)

Northern Territory

Preschool

Transition

Australian Capital Territory

Preschool

Kindergarten

New South Wales

Preschool

Kindergarten

Queensland

Kindergarten

Preparatory

South Australia

Preschool

Reception

Tasmania

Kindergarten

Preparatory

Victoria

Kindergarten

Preparatory

Western Australia

Kindergarten

Pre-primary

* (Harrington 2008)
† References by table order: (NT Department of Education and Training 2011),
(ACT Education and Training 2011), (NSW Department of Education and Training
2011), (Queensland DET Education 2011), (SA Department of Education and
Children's Services 2009), (Tasmanian Department of Education 2011), (Victorian
Department of Education and Early Childhood Development 2010), (WA
Department of Education 2011)

Most research in this area highlights significant positive effects of attending formal
education programs prior to commencing compulsory education in low socio-economic
populations. However, the long-term academic benefits are not as significant for middle
and upper socio-economic populations (Magnuson, Ruhm & Waldfogel 2007).
Magnuson et al. (2007) analysed data from the US Education Department’s Early
Childhood Longitudinal Study with a sample of over 10,000 kindergarten1 and year one
children. This analysis identified six key points:

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1

Kindergarten in the US is generally the first year of formal education but this varies from state
to state. Preschool is the pre-compulsory year of schooling prior to Kindergarten (Kamerman &
Gatenio-Gabel 2007).
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•

Children who attended preschool had higher math and reading performance
when starting kindergarten class.

•

Children who attended preschool had increased aggression and decreased selfcontrol.

•

Children attending other forms of centre-based care had an increased academic
performance and a negative effect on behaviour, although to a lesser degree
than children attending preschool.

•

The cognitive benefits for most children faded as peers caught up in the first one
to two years of school; however, the negative behaviours did not.

•

Children from disadvantaged backgrounds had the most lasting cognitive gains.

•

Children attending preschool attached to a public school, as opposed to privately
run programs, showed academic gains, but not the accompanying negative
behaviour (Magnuson, Ruhm & Waldfogel 2007).

The benefits of children entering school early are not clear-cut. As children enrol in
education systems at younger ages, there is increasing pressure on teachers to
introduce formal literacy instruction to younger children. Research is required to
provide evidence for curriculums to be based on ‘best practice’, to identify
assessments that can recognise needs of children (including social and emotional
needs) as early as possible, how best to address differences in literacy prerequisite
skill levels and determine when children will benefit most from formal literacy
instruction.

The majority of studies, papers and theoretical education frameworks discuss global
factors considered indicators of school readiness rather than measures of neurological
maturity and related skill development. The US National Education Goals Panel, for
example, cites five crucial elements of school readiness:
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•

health and physical development

•

emotional well-being and social competence

•

approaches to learning

•

communication skills

•

cognition and general knowledge (Saluja 2000).

Until recently, Australia did not have a national statement of preschool education goals,
curricula content or school readiness policy (Elliott 2006). In 2009, the Federal
Government Department of Education, Employment and Workplace Relations
prepared a document for early years educators titled ‘Belonging, Being & Becoming—
The Early Years Learning Framework for Australia’ (DEEWR 2010). This framework is
heavily influenced by social-behavioural and post-structural theories of child
development. It is reflective in style and general in content requiring considerable
additional support documentation to assist early childhood educators to translate the
content of this guide adequately into classroom practice. References in this document
to neurological maturity, child development indicators or specific pre-literacy skill
markers in these crucial years of growth (birth to five years) are areas requiring
considerably more attention.

Most research on the benefits of accessing preschool education has been conducted in
the US, and then transposed to the Australian context. Australian longitudinal studies
such as ‘Growing up in Australia: Longitudinal Study of Australian Children’ (Australian
Institute of Family Studies 2008) and ‘The Australian Early Development Index’ (Centre
for Community Child Health 2007) may provide data to assist in developing education
policies and practice from Australian data.

Across Australia, the majority of preschools and kindergartens are operated privately or
independently. The NT has an advantage in that it does not follow the national trend of
preschools being separate from primary schools, as most primary schools have a
preschool attached to, or in the same grounds as, the school (Elliott 2006). Preschools
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are very accessible in the NT and, according to Magnuson et al. (2007), have the
preferred model of preschool location.

The importance of this study is to raise awareness of the underlying processes
involved in literacy acquisition. Learning to read and write are end points of a process
of development across many skill areas. With a focus on teaching young children to
read and write, the importance of mastering the many prerequisite skills required are
often overlooked and downplayed in significance. Pressure from parents and school
managers on teachers to teach children to learn to read and write earlier than
compulsory school age is fuelled by media headlines such as ‘Teach three Rs to kids
in pre-primary: report’ (Haitt 2010). In a competitive society where being literate is an
important tool for success, there is an assumption that learning these skills earlier will
provide long-term advantages. However, this association has not been established
(Magnuson, Ruhm & Waldfogel 2007). Unfortunately, exposing children to formal
literacy before they have adequately established prerequisite literacy skills may have
an adverse impact on their future academic potential.

1.3 Problem Statement
Pre-compulsory schooling is available to children throughout the NT. Catering to the
needs of each child in this preschool setting is challenging when individual differences
are not identified or taken into consideration. Assumptions are made regarding
curriculum needs of the individual child that are increasingly being questioned by
academics and preschool practitioners as the age of entry into the education system is
being reduced (Dowling & O'Malley 2009).

6

Issues raised and relevant to this research include:
•

Children entering preschool are from a wide range of cultural and socio-economic
backgrounds. A diversity of experiences would be expected, but the extent of this
is not known.

•

Among the wide range of activities children participate in preschool, which of
these have relevance to later literacy acquisition? Are there essential skills and
activities to which preschool children are not sufficiently exposed?

•

Effective and evidence-based assessment of children’s skills early in their
schooling to understand strengths and areas requiring attention is not education
practice in the NT.

•

Through understanding the range of literacy prerequisite skills and individual
performance in each area, programs can be implemented in the early years of
schooling to narrow the heterogeneous nature of skills in children across all
areas to provide optimal literacy learning opportunities.

1.4 Aim
The aim of this research was to assess prerequisite skills of reading and writing of
children entering preschool in the Darwin, Palmerston and rural areas of the NT.

1.5 Research Questions
•

How do these children rate in areas of child development and pre-literacy skills
including language, auditory processing, working memory, processing speed,
visual-motor and coordination?

•

To what extent are these children within test norms regarding child development
and pre-literacy skills?

•

What influence do socio-demographic factors of the child and parent/s have on
these skills?
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•

To what extent do characteristics such as age, handedness, gender, language
background and Indigenous status influence test performance?

•

Are there associations between below average sub-tests scores across subtests?

•

Do associations between sub-tests increase as sub-test performance decreases?

1.6 Hypothesis
It was proposed that the majority of children assessed would have ‘typical’ skills for
their age but a diversity of abilities within these pre-literacy skills would be found.
Additionally, it was proposed that socio-demographic factors and individual child
attributes would influence assessment performance in some skill areas.

1.7 Thesis Overview
The literature review in Chapter 2 outlines research on the range of foundation skills
required for literacy acquisition. Research on the human neurological system and brain
structures, and skills associated with learning to read and write such as memory,
language and visual-motor skills are presented. Primarily, typical literacy development
is examined; however, atypical development such as dyslexia is reviewed. Traditional
and emerging theoretical frameworks of cognitive and child development are explored.

The implementation of the research is presented in Chapter 3. A description of the
geographical area studied, cohort selection, assessment tools, test protocol
development and assessment process is presented. In Chapter 4, child assessment
scores and parent and child demographic data are analysed. Tests such as the t-test to
compare mean values, the chi-square test to test relationships between variables and
trend analysis were used to explore associations between sub-test scores and
demographic data and to investigate the degree to which these children were ‘typical’
8

for their age. Chapter 5 completes this thesis with discussion of the data in relation to
the research questions and hypothesis and presents conclusions that can be drawn
from this sample of preschool children from the Northern Territory.

9
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Chapter 2: Literature Review
Writing and reading are not innate skills. However, communication through speech is
considered a skill that is ‘hard wired’ even before birth. Primitive vocalisations by
humans are hypothesised to have developed some 600,000 years ago. Humans have
evolved over the past 50,000 years to become articulate communicators, capable of
sharing thoughts: from mundane daily experiences through to discussing complex
abstract concepts (Tattersall 2001).

Speaking, writing and reading are forms of communication that distinguish human
beings from all other animals. The intrinsic neurological and mechanical structures that
enable oral communication evolved over hundreds of thousands of years. Rudimentary
sounds to communicate meaning to clan members progressively evolved over
thousands of years into complex spoken language systems throughout the world and in
every human society.

Humans then began to record spoken words by attaching meaning to written symbols.
These symbols have not always been letter shapes. The Sumerians of Mesopotamia
developed a pictorial communication system around 3,000 BC. One thousand years
later, the Syrians produced an alphabet that assigned individual vocal sounds to
symbolic shapes: the precursor to phonetic languages (Diamond, J 1999).
Communication through recorded symbols has progressed from the first impressions in
clay tablets, through to cave wall paintings, papyrus scrolls, mass-produced printed
books and more recently, electronic digital recordings.

As with the evolution of literacy, writing and reading are extensions of oral
communication, developed only after the culmination of adequate oral language
(Manguel 1996).
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This chapter presents research identifying the range of skills required before and
during the complex process of learning to write and read: the neurological structures
involved, the function of these skills in relation to literacy development, and the
assessments used in this research to measure such skills (see Table 2.1). Examination
of language development, acquisition of prerequisite literacy skills and deviations from
typical development such as dyslexia provides a framework to understand variations in
‘typical’ language and literacy development.

2.1 Cortical Specialisation
Prior to the work of French neurologist Pierre Paul Broca in the 1860s and German
neurologist Karl Wernicke in the late1870s, the brain was believed to be a single organ
without specialist areas. Broca and Wernicke were pioneers in mapping cortical
specialisation proposing that the left parietal-temporal region of the cerebrum was
dedicated specifically to language (Kandel, Schwartz & Jessell 2000).

Not all human capabilities have dedicated areas or innate neural connections.
Understanding neurological structures participating in cognitive processes such as
writing and reading has been greatly enhanced by advances in medical science.
Theoretical hypotheses of neurological structures, their functions and interactions with
other regions of the brain can now be tested with a range of imaging techniques such
as Positron Emission Tomography (PET), Magnetic Resonance Imaging (MRI) and
Functional Magnetic Resonance Imaging (fMRI). Such neuro-imaging techniques
enable researchers to observe the brain in ‘real time’ as a person performs active tasks
such as reading aloud, or non-motor tasks such as word recall.
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Table 2.1: Prerequisite skills for literacy: Neurological structure, function, association with literacy and assessments used
Prerequisite skill

Neurological structure involved

Function

Association with literacy

Assessment used

Working Memory

A combination of areas of the
components of working memory

Intelligence, attention, reading
comprehension, problem solving, long
and short-term memory

Reading, writing, speaking, vocabulary,
recall, comprehension, attention to task

PREST Digit Span
PREST Repetition
GAPS Sentence Repetition
GAPS Non-Word Repetition

- Central Executive

Prefrontal and frontal cortex

Attention control and regulation of
information to other components of
working memory

Reading, writing, speaking, vocabulary,
recall, comprehension, attention to task

No test specifically measured this
attribute

- Phonological Loop

Broca’s area and Inferior parietal area
of the cerebrum

Learning of new words—auditory

Vocabulary acquisition

GAPS Non-Word Repetition

- Visuo-spatial sketchpad

Right occipital, parietal and prefrontal
cortices

Conversion of language into visual
imagery

Language comprehension and recall

PREST Corsi Frog

Page orientation and eye tracking

PREST Teddy and Form Matching

Perception of symbols
Processing Speed
Phonological awareness

Cerebellum, visual cortex, primary
auditory cortex

Rapid processing of information

Left inferior parietal lobe, Wernicke’s
area

Discernment of sounds within words

VMI
Reading fluency

PREST Rapid Naming
PREST Sound Order

Language, reading, writing

PREST Phonological Discrimination
GAPS Non-Word Repetition
GAPS Sentence Repetition
PREST Sound Order

Rhyme

Left inferior parietal lobe, Wernicke’s
area

Hearing similarities, differences and
patterns in sounds

Language, reading, writing

PREST Rhyme

Grammar

Left inferior parietal lobe, Wernicke’s
area

Understanding structural conventions of
the language

Language, reading, writing

GAPS Sentence Repetition

Vocabulary acquisition

Left inferior parietal lobe, Wernicke’s
area

Having a large bank of words to
adequately communicate

Language, reading, writing

GAPS Non-Word Repetition

Letter knowledge

Visual cortex, Wernicke’s area

Familiarity with symbols for automatic
and rapid recall

Reading, writing

PREST Digits and Letters

Motor Coordination

Cerebellum, motor cortex

Smooth fine and gross motor
movement

Writing, reading

PREST Balance
PREST Bead Threading and Paper
Cutting
VMI
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Spoken and written languages are processed via two distinct pathways. The primary
auditory cortex, located in the left dorsal temporal lobe, is activated by auditory
stimulation. When sound is detected as having language content, it is routed to
Wernicke’s area for processing. If a spoken response is required, Broca’s area is
activated (Kandel, Schwartz & Jessell 2000).

Visual language (text or symbols) is received via the optic nerve in the visual cortex
located in the occipital region of the cerebrum. When the image is recognised as being
language representations, Wernicke’s area is activated (Kandel, Schwartz & Jessell
2000).

Neuro-psychologists propose that there are no pre-programmed areas of the brain for
reading and writing as there are for aural and oral language. There are no areas of the
cortex considered unique ‘reading’ or ‘writing’ areas (Diamond, A 2000; Iverson 1999;
Peterson 1994; Son & Meisels 2006; Willingham 1998). Many areas of the cortex are
activated when language is received, processed and/or compiled for speech. The act
of receiving language (listening and reading), the act of thinking about language and
the act of expressing language (speaking and writing) each involve different complex
interactions with a myriad of cortical structures. This is discussed in more detail later in
the chapter.

Kandel et al. (2000, p. 1171) refer to the differences between innate and learnt tasks
as was observed as early as 1871 in Charles Darwin’s historical work ‘Descent of Man’
when he wrote, ‘Man has an instinctive tendency to speak, as we see in the babble of
our younger children: while no child has an instinctive tendency to brew, bake, or write’.

Similarly, intellectual and perceptual-motor skills are acquired through experience. An
individual’s ‘potential’ may be established at birth, but stimulation and experience will
determine the extent to which this will be achieved. The establishment of robust
14

neurological networks of interconnecting pathways throughout the brain are dependent
upon stimulation, experience and accrual of skills. Stimulation and development in one
structure of the brain has an impact on other associated structures (Diamond, A 2000;
Diamond, MC 2001).

A child develops prerequisite literacy skills from a range of maturing cognitive
capabilities including visual and auditory perceptual skills, phonological awareness,
semantic knowledge and fine and gross motor control (Son & Meisels 2006; Strickland
& Shanahan 2004). Later, with these pre-literacy skills established, the ability to read
and write is gained through explicit instruction (Neuman, Copple & Bredekamp 2008).
All of these processes involve elaborate interactions between many areas of the whole
brain. Very young children are therefore not capable of performing complex tasks until
they have developed a range of prerequisite skills to a particular level of competence
(Son & Meisels 2006).

2.2 Working Memory
Working memory is the virtual space created in one’s mind to process information.
Although components of working memory have individual physical locations in the
brain, the culmination of sensory representations, for example, visual, auditory and/or
kinaesthetic information are not housed in one ‘viewing arena’. Understanding the
capacity of this virtual space and its relationship to learning has been a focus of
researchers over many years (Baddeley, A. 2003; Gathercole et al. 2006; Holmes,
Gathercole & Dunning 2009; Pickering 2006). Psychologists consider that working
memory is a significant factor in intelligence, attention control, reading comprehension,
problem solving, and long- and short-term memory. In 1974, psychologists Alan
Baddeley and Graham Hitch proposed a model of working memory having three
components: the central executive, phonological loop and visuo-spatial sketch pad
(Baddeley, A. & Hitch 1974). This model has proved to be robust since its inception
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and supported by subsequent research findings, providing a solid framework for
understanding typical and atypical cognitive performance. In 2000, the episodic buffer
a fourth component was added to this model (Baddeley, A 2000).

The four components of Baddeley and Hitch’s model of working memory and their
relationship to language and literacy are outlined below.

2.2.1 Central Executive
The central executive, located in the frontal cortex, is the controlling structure that
coordinates information going to and from the other components of working memory
and is responsible for maintaining and switching attention (Baddeley, A. 2002). This is
a critical structure enabling one to attend to task, sustain attention and self-regulate
behaviour (Hofmann et al. 2011).

2.2.2 Phonological Loop
Central to Baddeley’s model of working memory and language acquisition is the
phonological loop. It is suggested that this loop is a specialised component of working
memory with the function of retaining verbal information (Baddeley, A., Gathercole &
Papagno 1998). Gathercole and Adams (1993) propose that the language acquisition
function of the phonological loop is well established in children by about four years of
age (Gathercole & Adams 1993). The loop consists of two mechanisms: a phonological
storage unit and a sub-vocal articulation rehearsal process (Baddeley, A. 2003;
Baddeley, A., Gathercole & Papagno 1998).

The phonological store has a short decay cycle that does not hold information for
lengthy periods. This store is activated when listening to speech and holds information
in a phonological form. If activated, a sub-vocal articulation rehearsal process can
revive the decaying auditory memory trace, by repeating the word ‘in one’s head’.
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Baddeley (2003) suggests that the role of the phonological loop is not to recall words
but instead to learn new words as an interim process until they are committed to longterm memory.

An efficient and effective phonological loop is essential if the child is to become
proficient at learning language. An ability to learn new words is fundamental to
communication and acquisition of an extensive vocabulary. A limited vocabulary results
in a reduced ability to communicate and diminished understanding of concepts beyond
the immediate presence of the here and now (Baddeley, A., Gathercole & Papagno
1998; Pickering 2006).

When this model was first proposed in 1986, there was little compelling neurological
support for the existence of such a system. Since then neuro-imaging techniques such
as Statistical Parametric Maps (SPM) (Salmon et al. 1996) and functional Magnetic
Resonance Imaging (fMRI) (Baddeley, A. 2002) have provided evidence supporting
Baddeley and Hitch’s theory by showing brain activity during specific memory tasks
enabling identification of the anatomical structures involved.

Such medical imaging techniques show activity in Broca’s area (a language area of the
brain) and inferior parietal lobe during tasks (theoretically) requiring two components of
the phonological loop: sub-vocalisation and phonological store. When the subvocalisation component of the task is removed, scans reveal that only the inferior
parietal area is active (Kandel, Schwartz & Jessell 2000). Technology such as SPM
offers anatomical and neurological support for Baddeley and Hitch’s theory of working
memory and the role of the phonological loop.

The phonological store holds verbal information in temporal order. The sub-vocal
articulation rehearsal process enables the information to be repeated in sequence to
prevent memory decay. It is believed this process is fundamental to children learning
17

new words, as well as learning a new language in both adults and children (Baddeley,
A., Gathercole & Papagno 1998).

2.2.3 Visuo-Spatial Sketchpad
Baddeley and Hitch’s model proposes that visual information is processed in what they
refer to as the visuo-spatial sketchpad, located in the right occipital, parietal and
prefrontal cortices (Kandel, Schwartz & Jessell 2000). During visuo-spatial tasks,
fMRI’s show activity in the occipital lobe (visual cortex), parietal lobe (spatial and motor
processing) and frontal and prefrontal areas (executive control of processing). Visual
information is integrated with verbal information if required through the central
executive. The visuo-spatial sketchpad (right hemisphere) and the phonological loop
(left hemisphere) are distinct structures. Impairment in one does not result in
impairment in the other. However, because they work in tandem in many situations,
impairment in one will result in reduced working memory (Baddeley, A. 2003).

The visuo-spatial sketchpad is engaged in reading tasks to perceive text and ensure
correct page orientation. It also has a role in orientation of eye tracking as text is
scanned from left to right and from one line to the next (Baddeley, A. 2003).

Experiments involving manipulation of visual imagery to solve math problems found
that children who were encouraged to create mental images of objects to perform math
operations achieved better results than children who used physical objects only to
solve the problem (Pickering 2006).

Baddeley (2003) suggests that the visuo-spatial sketchpad is an important contributor
to language comprehension and recall, suggesting that typically, language is converted
from sound to visual images. Converting external words (auditory or visual) to internal
mental imagery with temporal constructs creates storylines that contribute to storing
long-term memories and is a significant factor in memory recall. Memory training
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programs such as, ‘Visualizing and Verbalizing’ (Bell 1991) and ‘Page-a-minute
Memory Book’ (Lorayne 1986) are examples of the application of Baddeley’s
theoretical framework to enhance memory performance. The techniques used in these
programs rely on an increase in the capacity of the visuo-spatial sketchpad to improve
reading comprehension and memory recall.

2.2.4 Episodic Buffer
Baddeley (2003) proposed that this component of working memory is related to longterm memory through the sequencing of visual, spatial and verbal information. It is
believed that the episodic buffer has a function of storage control rather than the
attention control function of the central executive. This fourth component, and most
recent addition, provides a greater understanding of working memory, but it is the least
understood component of the working memory model (Baddeley, A. 2003).

2.2.5 Measuring Working Memory
Short-term memory and working memory are similar components of cognitive
functioning but are considered different processes (Pickering 2006). Working memory
refers to the capacity to hold information in memory and manipulate it in some manner,
for example, add a series of numbers that are presented orally. Although working
memory and short-term memory place different demands on the individual, there is a
strong correlation between both when measured. Working memory is assessed in
many test batteries using short-term memory tests such as forward and backward digit
span recall (Gathercole 2008; Gathercole et al. 2006).

Short-term memory, as the name implies, is the capacity to store information for short
periods. Short-term memory is believed to have at least two forms, auditory
(phonological) and visual (visuo-spatial) (Baddeley, A., Gathercole & Papagno 1998).
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The debate regarding testing of auditory short-term memory and its relationships to
language acquisition is more about the accuracy of various forms of testing, not the
association between the two. Some propose that auditory digit span testing2 does not
adequately challenge the phonological loop. However, Gathercole et al. (2006) found
that both auditory digit span and non-word memory have strong, significant and
positive correlations to vocabulary acquisition. It has been reported that testing shortterm memory using non-words (constructed words without meaning) is more sensitive
to detecting phonological loop deficits than digits span testing (Baddeley, A. 2003).

The child’s working memory and phonological loop efficiency are factors in their ability
to hold, manipulate and store sounds in memory. A reduced working memory will affect
the child’s capacity to successfully complete the more complex phonemic manipulation
tasks required for literacy development. A reduced capacity to form mental images in
the visuo-spatial sketchpad will result in reduced language comprehension and recall
(Baddeley, A. 2003; Bell 1991).

2.2.6 Working Memory and Reading
Reading ability is significantly linked to language and phonological awareness skills. As
discussed previously, working memory is a key factor in language acquisition
(Gathercole et al. 2006; Swanson 1999). Gathercole and Pickering (2001) found that
working memory and reading have a close association, with the greatest success in
early reading development being achieved in children with above average working
memory skills. Both Swanson and Jerman (2007) and Pickering (2006) report that
children who have reduced working memory will have reading difficulties (Pickering
2006; Swanson & Jerman 2007). Helland and Asbjørnsen (2004) also found that low
digit span scores identify students with dyslexia, language impairments and poor math
skills (Helland & Asbjørnsen 2004).

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2

A series of digits are spoken to the subject and they are asked to repeat the sequence. The
length of the sequence increases as the test continues.
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Gathercole et al. (2001) suggest that assessing children’s digit recall as an indicator of
working memory capacity may also be a measure of readiness for reading acquisition
and could be used to identify children at risk of low academic achievement at school.

2.2.7 Working Memory and Vocabulary Acquisition
In 1926, M.E. Smith noted that a five-year-old child would have learnt more than 2,000
words (Baddeley, A., Gathercole & Papagno 1998). A projection by Kandel et al.
(2000) suggests that a six-year-old child will have attached meaning to over 13,000
words. These considerable differences in statistics may reflect the increased exposure
children now have to language and/or the higher educational expectations that children
experience. Kandel et al. (2000) also write that by high school graduation, a child will
have mastered around 60,000 words. This is a rate of word to meaning pairing of about
one word every 90 waking minutes. This impressive rate of learning is reliant on a
memory system that has an efficient method of storage, association and retrieval, thus
underscores the importance of an effective working memory system.

2.3 Processing Speed
The speed at which an individual can process information is a significant factor in
measuring intelligence. Intelligence, working memory and processing speed are a triad
of neurological processes that affect each other. Fry and Hale (2000) suggest that both
processing speed and working memory influence intelligence scores (Fry & Hale
2000). Until recently, both of these were viewed as fixed neurological features. Studies
are now indicating that children with low working memory can increase this capacity
with training (Holmes, Gathercole & Dunning 2009). Processing speed may be more
static (Fry & Hale 2000; Gathercole et al. 2006; Holmes, Gathercole & Dunning 2009;
Klingberg 2010).
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Rapid automatic naming (RAN), sometimes referred to as rapid serial naming (RSN), is
an assessment of ability to rapidly name a series of letters, words, numbers or pictures.
This task reflects the person’s ability to identify visual representations, process
information, pair the stimulus to a language label then name the object, colour, letter or
number. Reduced processing speed has implications for automatic and rapid
responses required for reading (Wolf, Bowers & Biddle 2000).

Researchers have consistently found that RAN is a strong predictor of future reading
ability (Badian 1994; Cutting & Denckla 2001; de Jong & Vrielink 2004; Neuhaus et al.
2001; Savage et al. 2005; Wolf, Bowers & Biddle 2000; Wood et al. 2005). However,
there is some debate as to which naming format is the most robust predictor. Symbol
(letter and number) naming speed appears to be a stronger predictor and a better
differentiator of good and poor reading than naming of colours or pictured objects
(Cutting & Denckla 2001; Fawcett & Nicolson 1994). Wolf et al. (2000) summarised 28
studies investigating rapid naming tasks consisting of letters, numbers, shapes,
pictures, colours or a combination of these. Rapid naming tests using shapes, pictures
and/or colours for young children who did not have letter or number knowledge did
provide predictive information on reading skill potential (Fawcett, Nicolson & Lee 2001;
Fawcett, Pickering & Nicolson 1993; Semal, Wiig & Secord 2006; Wolf, Bowers &
Biddle 2000).

2.4 The Role of the Cerebellum in Learning
Theories on cognition and learning continue to be refined as research provides better
understandings of our neural system. Neuro-imaging has played an important role in
assisting to understand the complex interactions between structures of the brain.
Numerous studies in neuropsychology and brain function have been conducted using
neuro-imaging tools to observe neural activity while performing familiar tasks and/or
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acquiring new skills (Desmond 2001; Kandel, Schwartz & Jessell 2000; Kibby et al.
2008; Shadmehr & Holcomb 1997).

Traditionally thought of as the motor coordination centre of the brain, responsible for
refining body movements into smooth and synchronised actions, the cerebellum is now
seen as a major structure of the brain influencing most aspects of learning (Allen 1997;
Diamond, A 2000; Kandel, Schwartz & Jessell 2000). Being only 10 per cent of the
volume of the brain, the cerebellum consists of very dense structures containing more
than half the 100 billion neurones of the entire brain. This alone is considered a
reflection of the importance of its many functions (Andersen, Korbo & Pakkenberg
1992; Kandel, Schwartz & Jessell 2000; Lane 2005; Wickelgren 1998).

The cerebellum is physiologically connected to all major sub-divisions of the central
nervous system: the cerebrum, basal ganglia, diencephalon, limbic system, brainstem
and spinal cord via monosynaptic or multi-synaptic pathways. It is considered the most
active part of the brain in daily tasks (Allen 1997; Kandel, Schwartz & Jessell 2000;
Lane 2005; Levinson 1980).

The low-level function of motor coordination that was originally attributed to the
cerebellum has been significantly revised to include major roles in higher cortical
functions such as cognition and language. Table 2.2 identifies the range of functions
now considered associated with the cerebellum.

Some cerebellum functions have been found to be very specific. For example, with
regard to language, the cerebellum is activated when verbs are generated for use with
nouns, but not activated when nouns are used with verbs (Schmahmann 1991). Many
aspects of cerebellar activity, function and relationships with other structures of the
nervous system are yet to be mapped and understood. Kandel et al. (2000) write that
there are 40 times more axon projections into the cerebellum than exiting, thus
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suggesting that there are many more subtle and indirect actions still to be identified
that are monitored by the cerebellum.

Table 2.2: Functions of the cerebellum
Function associated with the cerebellum
Cognition

Language

•

Working memory (Silveri 2000)

•

Maintaining attention (Allen 1997)

•

Attention shifting (Allen 1997)

•

Solving perceptual and spatial problems (Gao 1996)

•

Mental imagery (Schmahmann 1996)

•

Spatial learning (Silveri 2000)

•

Influence on emotional states (Schmahmann 1996)

•

Linguistic processing (Kandel, Schwartz & Jessell 2000;
Schmahmann 1996)

•

Language acquisition in association with Broca’s area (Fisher
1991)

Motor

•

Acquisition of phonological skills (Fisher 1991)

•

Regulation of force and timing of motor actions (Wickelgren 1998)

•

Temporal understanding, planning of tasks and learning of new
tasks (Silveri 1994)

•

Memory storage of motor learning (Shadmehr & Holcomb 1997)

•

Visual tracking (Schmahmann 1996)

•

Coordination of eye position and arm movement (Wickelgren 1998)

2.4.1 The Cerebellum and Cognitive Tasks
Diamond (2000) discusses results of neuro-imaging research showing increased
activity in the dorso-lateral prefrontal cortex of the cerebrum as well as increased
activity in the contra-lateral hemisphere of the cerebellum during new and unfamiliar
cognitive tasks. When a task is practiced and becomes more automatic, there is
decreased activity in both areas. This prefrontal cortex/cerebellum interaction has
increased activity when:
•

the task is difficult

•

the cognitive task is new
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•

conditions of a familiar task are altered

•

a quick response is required

•

concentration is required (Diamond, A 2000)

Learning new tasks therefore requires an efficient neurological system and adequate
practice and rehearsal in order for the task to establish robust neural connections.
When tasks are performed at an automatic level, there is reduced activity in the brain
and thus less energy consumed. The action then becomes efficient allowing other
actions to be performed at the same time (Diamond, A 2000).

Studies have demonstrated increased energy expenditure in students with dyslexia
when they read compared to their fluent reading peers. When students with dyslexia
attempt to read, many areas of the brain are active because the task is difficult and not
automated. There is an associated increase of blood flow to these areas of the brain
and higher rates of glucose consumption. The fluent reader has significantly less brain
activity when reading and uses notably less glucose. The student with dyslexia
therefore expends far more energy to produce an inferior result (Lane 2005).

The term ‘automaticity’ is used by education and child development professionals to
refer to adequately practiced skills that require ‘little thought’ to be actioned. This
automatic action reflects well-established neural pathways developed by repetition and
application of the skill. The skills of writing and reading also need to be practiced and
processed ‘automatically’ if they are to be efficiently executed (de Jong & Vrielink 2004;
Marr, Windsor & Cermak 2001; Nicolson & Fawcett 1990, 2005).

2.4.2 Motor Development as an Indicator of Learning Difficulties
The relationship between motor coordination and learning is often not appreciated nor
fully understood. Diamond (2000) reports that children with Attention Deficit
Hyperactivity Disorder (ADHD), autism, Asperger syndrome and dyslexia tend to have
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associated motor coordination difficulties. Neuro-imaging of children with ADHD show
variations in posterior cerebella and frontal cortex sizes compared to non-ADHD
children. Typically, the right frontal lobe is larger than the left lobe in children. Children
with ADHD in Diamond’s (2000) study did not have this asymmetry. Difficulties in motor
coordination, balance, performing rapid alternating movements (diadochokinesis) and
making judgements concerning distance and timing are characteristic of these children.
As identified previously, these are functions of the cerebellum.

Poor motor skills are not considered the cause of reading or learning difficulties, but
these outward signs are a reflection of reduced neurological organisation and
efficiency, which can result in such problems (Lane 2005). Screening assessments
often include motor and balance sub-tests to create a composite picture of the range of
difficulties that may co-exist. Son and Meisels (2006) found that motor skill
development in children was associated with cognitive development. They added that
motor skill assessment alone is not an accurate predictor of achievement due to the
variance in development at different ages (Son & Meisels 2006).

2.5 Phonemic and Phonological Awareness
The unique ability of humans to communicate through oral language, although
considered ‘hard wired’, is complex: requiring adequate integration of many regions of
the brain. Phonemic awareness is a basic building block for language development.
Being a phonetic language, learning to speak, read and write English relies on
individuals developing adequate phonological and phonemic awareness skills to be
successful (Goswami 2002b).

Learning a language requires the listener to be able to hear differences in the sounds
of words in order to understand differences in meaning. Phonemes are the smallest
units of sound differentiating meaning in language (for example, /c/ in cat). Phonemic
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awareness is the ability to hear, perceive and decode phonemes. Phonological
awareness is the more advanced skill of detecting and manipulating larger units of
sound such as onset and rhyme as will be discussed on pages 29-30 (Coch, Hart &
Mitra 2008; De Cara & Goswami 2003; Gathercole & Willis 1991; Goswami 2002b;
Yopp 1988).

2.5.1 Phonemic Awareness
Assessment of phonemic awareness skills is a useful predictor of the ease with which a
child will learn to read (Coch, Hart & Mitra 2008; Mann & Foy 2003; Margolese & Kline
1999; Muter et al. 2004; Savage et al. 2005; Wood et al. 2005; Yopp 1988).

Writing is the process of converting sound units into a systematic symbolic format.
Reading is the reverse of this process: decoding the symbolic phoneme to construct
meaningful words. Reading is a skill that is acquired after adequate development of
proficient oral language skills (Muter et al. 2004).

In her 1988 study, Yopp assessed children using 10 different phonemic awareness
tests. The results of these tests were correlated with the child’s ability to read pseudowords in a learning test. All tests showed a significant correlation to the child’s ability to
decode words in the ‘learning test’. The following four tests had the highest correlation
scores:
•

Sound Isolation test (r=0.72), for example, ‘What does the word Jack start with?’

•

Goldstein Phoneme Segmentation test (r=0.71), for example, the letters ‘d-o-g’
are spoken and the child is asked to place checkers into a grid and say what the
word is.

•

Yopp-Singer Phoneme Segmentation (r=0.67), for example, the word ‘old’ was
spoken and the child was asked to ‘break the word apart’ to ‘o-l-d’.

•

Phoneme Deletion (r=0.67), for example, ‘What word would be left if /t/ was taken
away from the middle of the word ‘stand’?’
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Yopp’s (1988) report outlined several skills that contribute to the process of learning to
read. She constructed a task analysis from her series of phonemic awareness tests
describing the following sequence of prerequisite skills relating to language, sound
manipulation and learning to read. She proposed that in order to read, children require
the ability to:
•

hear auditory stimuli

•

perceive separate sounds

•

hold a stimulus item in memory

•

segment language sounds

•

count language sounds

•

locate a sound position in a word

•

identify a sound in a given position in a word

•

isolate a given sound in a word

•

hold a given language sound in memory

•

blend language sounds

•

sequence language sounds

•

compare two sounds or words

•

discriminate between two sounds or words

•

articulate sounds, words or numbers

•

make a judgement regarding language sounds

•

respond with a yes/no or same/different answer relating to sounds (Yopp 1988).

This list is broadly developmental in order of acquisition and assumes that the child has
adequate hearing. Children with hearing loss or reduced hearing have more difficulty
learning to read than their hearing able peers (Sterne & Goswami 2000).
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2.5.2 Phonological Awareness
In concert with the above sequence of phoneme awareness development, phonological
awareness develops in three levels in relation to language: phoneme, syllable and
rhyme (Sterne & Goswami 2000).

2.5.2.1 Phonemes
As noted earlier, phonemes are the smallest unit of sound of a language. Phoneme
detection is the earliest level of phonological awareness and is the first skill to develop.

2.5.2.2 Syllable
Syllables are the building blocks of words, providing the construction framework for
vowels and consonants. The rhythm of a language is influenced by the syllabic
structure inherent in words. Words can be monosyllabic (bat: one syllable), disyllabic
(donkey: two syllables), trisyllabic (indigo: three syllables) or polysyllabic (incredible:
more than three syllables). Syllables have specific structures and segments. Most
languages have a syllabic structure consisting of an onset and rhyme.

2.5.2.3 Onset
Onset (usually a consonant) is the syllable preceding the rhyme, for example, /c/ is the
onset in ‘cat’.

2.5.2.4 Rime and Rhyme
Rime is the term used to describe the section of a word from the first vowel to the end
of the word. For example, /at/ is the rime of words ‘fat’ and ‘pat’. A rime consists of a
nucleus (usually a vowel) and coda (a consonant). The nucleus is obligatory, but not all
words have a coda such as ‘toy’ and ‘shoe’.

Rhyme is the term used to describe words that have similar sounding rimes, for
example, ‘how’, ‘now’ and ‘cow’. An appreciation of rhyming patterns in words is among
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the earliest phonological awareness tasks that children learn once phoneme detection
is established. Through gaining an awareness of aural components of words, the child
is able to understand that words and parts of words can be manipulated in different
ways. Oral phonemic blending (sounding out sh-i-p to say ship for example) is one
such manipulation and precedes oral phonemic deletion (removing the first letter of the
word stop produces the word top). Phonemic deletion is the most difficult of the
phonemic tasks, as it also requires significant memory skills (Yopp 1988).

2.5.3 Rhyme and Reading
Phonemic and phonological awareness are important skills and predictors of future
reading ability. Rhyme is considered one of the early measures of phonological
awareness as it indicates the child’s ability to hear similarities and differences in
language (Molfese et al. 2006; Webster & Plante 1992; Yopp 1988). Rhyme awareness
and letter identification are both strong predictors of the ease with which a child will
learn to read (Adams 1994; Bradley 1983; De Cara & Goswami 2003; Goswami 2002b;
Lonigan 2006). Bradley’s 1983 experimental study of intensive training and long-term
follow-up showed a high correlation between sound categorisation scores and spelling
and reading over a three-year period. Gathercole and Willis (1991) found that rhyme
and sound categorisation was most important at the early stages of learning to read
(Gathercole & Willis 1991). Coch et al. (2008) recorded electroencephalograms (EEG)
of young adults (without reading difficulties) as they performed various rhyme tasks. It
was found that even at this age there was increased neurological activity for rhyme
tasks over non-rhyme tasks. This suggests that rhyme may be a contributing factor in
successful reading, even for older readers, and may provide clues as to why rhyme is
significantly associated with other known predictors of ease of reading acquisition such
as letter knowledge and phonological awareness (Coch, Hart & Mitra 2008).
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2.5.4 Assessing Phonological Awareness
Detecting delays and/or deficits in the development of phonological awareness in
young children, and therefore potential difficulties with reading and writing, is achieved
through a number of language and education assessment batteries. In this study, the
Grammar and Phonology Screening test (GAPS) was used. GAPS consists of two subtests: Sentence Repetition and Non-Word Repetition. The theoretical framework of
these two sub-tests and the significance of their relationship to language development,
writing and reading are discussed below.

2.6 Sentence Repetition
In their article, Muter et al. (2004) summarised research over the past two decades and
reported on longitudinal studies of critical prerequisite skills for reading and reading
comprehension. They strongly suggest that grammar, vocabulary and word recognition
are significant predictors of success in early reading skills. Assessment of the child’s
ability to repeat a sentence from oral stimuli is often used in test batteries to assess
developing prerequisite literacy skills. More recently, Van der Lely et al. (2007)
established that children with Specific Language Impairments (SLI) have difficulties
with one or more of the three components of grammar: morphology (language
structure), syntax (rules of the language) and phonology (language sounds) (Gardner
et al. 2006; van der Lely et al. 2007).

A child’s ability to understand grammatical structures of their language has a significant
impact on language development, reading acquisition and comprehension. GAPS was
designed to identify children with SLI and potential reading difficulties. The GAPS subtest, Sentence Repetition, assesses eight morpho-syntactic rules of English (see Table
2.3).
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These eight grammar rules are imbedded into a simple story and read to the child one
sentence (page) at a time. The child is asked to repeat each sentence. Words used in
the assessment were specifically selected as they were considered part of young
children’s vocabulary, simple in their phonology and familiar to children from a wide
range of socio-economic backgrounds (Gardner et al. 2006).

Table 2.3: Morpho-syntactic rules assessed in the GAPS Sentence Repetition
sub-test
Morpho-syntactic rule

GAPS assessment example

Subject-verb agreement

The cat is grey

Tense marking

The cat wanted some milk

Phrasal embedding

The cat with the bell is happy

Dative construction

The dog gives the cat the milk

Object question formation

Who did the cat wash?

Reversible passive construction

The dog is licked by the cat

Anaphoric referencing

The cat is washing herself

Pronominal referencing

The cat is washing him

The complexity of grammatical rules increases as the test progresses. Children with
more advanced language skills will perform better and are consequently considered
more receptive to reading instruction.

2.7 Non-Word Repetition
Baddeley et al. (1998) found that assessment of four-year-old children’s non-word
repetition ability was a significant predictor of the child’s receptive vocabulary
knowledge one year later. Non-words are sounds that have the same phonological
structures as the language the child knows. All languages have rules regarding how
sounds are combined so that consistent patterns of sound can be expected, for
example, ‘blicket’ has the phonological structure to be an English word. ‘Ngagat’ does
not follow the expected phonological rules to be a ‘real’ English word.
32

Non-word, or nonsense word repetition, is frequently used in screening tools of
language development (Gardner et al. 2006; Gathercole & Willis 1991; Pickering 2006;
van der Lely et al. 2007). Non-word repetition tasks test the child’s ability to hear and
repeat unfamiliar word sounds.

The non-word sequences used in the test have an intentional order that places
increasing demands upon the child’s understanding of language structure and their
language/sound processing ability. The length of non-words was deliberately restricted
to three syllable counts or less to minimise the influence of reduced working memory
on assessment results (Gardner et al. 2006; van der Lely et al. 2007). The phonology
components assessed by GAPS Non-Word Repetition are presented in Table 2.4.

Table 2.4: Phonological components assessed in GAPS Non-Word Repetition
sub-test
Phonological component

Assessment example

Marked onset, rhyme and final consonant

dremp

Marked rhyme, with an initial unstressed syllable
(iambic* stress pattern)

bademper

Marked rhyme and final consonant with iambic structure

difimp

Marked onset with iambic structure
(weak–strong–weak stress pattern)

padrepper

* iambic: a phonetic structure that consists of one short or unstressed syllable
followed by a long or stressed syllable.

Iambic stress patterns were used instead of the more typical ‘trochaic’ stress pattern of
strong (long) then a weak (unstressed) pattern for assessment discrimination purposes
(van der Lely et al. 2007).
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Both sub-tests of the GAPS assessment and select sub-tests from the Pre-school
Screening Test (PREST) were used in this study to measure phonological skills. No
assessment was used to specifically measure phonemic awareness skills.

2.8 Visual-Motor Skills
Visual-motor skills are the combination of fine motor, gross motor and vision skills with
visual perception skills to enable performance of complex eye-hand or eye-foot actions
possible. Writing and drawing are typical visual-motor skills that children are expected
to master at school. Visual-motor skills are not innate. Children develop visual and
motor skills in a sequential order through experience and maturation (Beery 1968;
Beery & Beery 2006; Bushnell & Boudreau 1993).

Measuring visual-motor skills through pencil and paper form copying tests have been
found to be reliable predictive indicators of reading, writing and math success in
children (Barnhardt et al. 2005; Flynn & Flynn 1978; Goldstein & Britt 1994; Klein 1978;
Kurdek & Sinclair 2001; Maeland 1992; Margolese & Kline 1999; Son & Meisels 2006;
Sortor, Kulp & Taylor 2003; Tramontana, Hooper & Selzer 1988; Weerdenburg &
Janzen 1985; Willingham 1998). The Beery-Buktenica Developmental Test of VisualMotor Integration (VMI) was first published in 1967 and has been standardised five
times. The 2006 revision found previous results have remained stable over this 39-year
period. Beery and Beery (2006) propose that this stability reflects that the assessment
is testing basic neuropsychological abilities of child development.

A child’s ability to draw the first nine forms in the VMI assessment successfully
indicates they possess adequate motor and visual perceptual skills to benefit from
formal letter formation instruction (Beery & Beery 2006). The ‘turning points’ of
development in this series of shapes is being able to copy the diagonal cross and
triangle. These two shapes reflect the child’s ability to perceive and replicate crossing
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the mid-line (diagonal cross) and ability to visually perceive and mechanically change
pencil direction to create sharp angles (triangle): essential skills for accurately
replicating letter shapes. Students who are not able to draw these shapes successfully
are considered at a pre-writing stage of development (Beery & Beery 2006; Daly,
Kelley & Krauss 2003).

Foote (1991) argues that the VMI could be used as a screening tool at school entry
(Foote 1991). In her study, older kindergarten students performed better in the VMI
than younger children and performed better at school than their younger peers. She
suggested that premature exposure to formal learning might create barriers to learning
in later years.

Although handwriting neatness is beyond the scope of this study due to the age of the
children assessed, there are number of factors that have been found to contribute to
poor handwriting that are considered prerequisite skills of writing. Language, attention
and memory are significant, as are in-hand manipulation, kinaesthetic awareness,
motor planning skills and visual perception (Cornhill & Case-Smith 1996; Karlsdottir &
Stefansson 2002; Tseng & Cermak 1993).

2.9 Child Development
In attempts to explain ‘typical’ and ‘atypical’ child development, psychologists over the
past century have advanced a range of theoretical frameworks. The influence of age,
neurological maturity, physiology, language, culture and society are factors considered
to affect cognitive development. Some theories have been more robust than others and
survived scrutiny and dissection; others have been discounted as being incomplete or
based on limited understandings. The current direction of cognitive development theory
is moving towards a Dynamic Systems approach and is offering a convergence of
existing theories that may accommodate the current diverse range of frameworks
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(Busemeyer 2000; Lewis 2000). A selection of theories that have had an effect on
education practice are outlined below.

2.9.1 Piaget and Vygotsky
Psychologists Jean Piaget and Lev Vygostky developed theories on child and cognitive
development in the early 1930s. Although seen from different perspectives, both
theorists have had a significant influence on educational practice (Smith, Dockrell &
Tomlinson 2005).

Piaget is best known for his description of four stages of child development. Based on
observations of his own children, Piaget claimed that children progress through four
major stages of development: sensori-motor, pre-operational, concrete operational and
formal operational (Kitchener 1996). Each stage of development described milestones
of achievement and behaviour within an assigned age range (Biggs 1992). Although
later criticised for the discontinuous nature of his developmental stage theory, Piaget
was revolutionary in his conceptual framework, which had relevance to education and
learning theory. Piaget placed great importance on the role of language in cognitive
development and less on social and cultural influences. However, he did acknowledge
the cultural availability of knowledge and importance of social relationships (Smith,
Dockrell & Tomlinson 2005). Piaget’s theory also recognised the important influence of
neurological maturity on cognitive development and abstract reasoning in the older
child at later stages (Demetriou, Shayer & Efklides 1992; Lavatelli 1970; Smith,
Dockrell & Tomlinson 2005).

Vygotsky, a Russian psychologist of the same era as Piaget, proposed a differing view
on child development with a greater emphasis on the influence that culture and society
has on cognitive development (Smith, Dockrell & Tomlinson 2005). According to
Vygotsky, children learn within socio-cultural contexts, acquiring knowledge from adults
within the child’s circle of influence. Children are restricted as to how much they can
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learn, depending on their current knowledge and information available to them in their
environment. Vygotsky also coined the term ‘Zone of Proximal Development’ to
describe the complexity of problem solving tasks that a child was capable of achieving
at a given time: the child’s ‘actual’ level of development as measured by their ability to
solve problems independently. Their ‘potential’ development was gauged by their
ability to solve problems with guidance or collaboration with an adult or peer. The Zone
of Proximal Development is described as being the difference between what the child
can do independently and what can be achieved with assistance. Activities children
cannot perform, even with assistance, fall beyond the Zone of Proximal Development
(Daniels 2001, 2005; Shayer 2005; Vialle, Lysaght & Verenikina 2000; Vygotsky 1934).
Another important concept in Vygotsky’s theory was that of ‘internalisation’: the
process by which children absorb and reconstruct information into their own framework
of understanding (Daniels 2001; Shayer 2005; Valsiner 1992).

The importance of social and cultural influences on child development in Vygotsky’s
theory, the concept of the Zone of Proximal Development and Piaget’s stage theory
were influential in educational practice during the twentieth century. Both Piaget and
Vygotsky were groundbreaking in their day and continue to influence modern cognitive
development theories. Although neither theory is now considered complete, their
theoretical roots are seen in the many of the theories of child and cognitive
development that followed (Bidell & Fischer 1992; Daniels 2001; Smith, Dockrell &
Tomlinson 2005).

2.9.2 Neo-Piagetian Theorists
Neo-Piagetian theories emerged with advances in psychology, neurological
development and neuro-psychology and an increasing awareness of limitations in
existing theories to adequately explain cognitive development. Each neo-Piagetian
theory offers alternative perspectives. Some have borrowed heavily from Piaget and
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Vygotsky, but most at least have roots from these frameworks. Four examples of neoPiagetian theories are outlined below.

2.9.2.1 Pascual-Leone
Juan Pascual-Leone proposed that working memory capacity is a major contributor to
child development and the individual’s mental power (Pascual-Leone 1970). PascualLeone, a colleague of Piaget, used Piaget’s stages of development as a framework
suggesting that the child’s mental power increases as the child moves through these
stages of development. Pascual-Leone viewed working memory as ‘chunks’ of
information that could be held and manipulated. A child aged two to three years, he
suggested, had a mental power of 1 that increased by one unit every second year up to
a maximum power of 7 at age 15 years. This increase in mental power enabled the
child to perform more complex operations (Demetriou, Spanoudis & Mouyi 2010;
Pascual-Leone 1970).

2.9.2.2 Case
Psychologist Robbie Case expanded Pascual-Leone’s early theory of capacity
development, proposing there were three factors influencing processing potential:
•

speed of Processing: the speed a mental act can be processed

•

control of Processing: the degree of control over distracting stimuli, and

•

representational capacity: the amount of information that can be held and
processed at one time (Case 1985; Ferrari & Vuletic 2010).

Case incorporated aspects of a number of theoretical frameworks into his theory
including the developmental stages of Piaget, the social context of learning of Vygotsky
and Baddeley’s model of working memory. Case maintained that the child’s processing
capacity did not increase with age, but was instead an increase in efficiency that
enabled more to be processed and understood (Case 1985). Although aspects of
Case’s theory are now discounted, his work was influential in developing theoretical
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frameworks on the architecture of the developing mind, linking working memory with
cognitive and child development (Demetriou, Spanoudis & Mouyi 2010).

2.9.2.3 Fischer
Piaget, Vygotsky and Case were strong influences on Kurt W Fischer’s early theory of
cognitive development. He described four ‘tiers’ of development: reflex, sensory-motor,
representational and abstract (Fischer 1980). Fischer incorporated Vygotsky’s
concepts of the Zone of Proximal Development and internalisation with the importance
of environmental and social factors in his four-tier structure theory. Attempting to
integrate conceptual frameworks into education practice, Fischer understood skill
development to be individual and in the context of the environment in which they are
applied. His skills theory approach to cognitive development acknowledges the
organism and the environment. This model had important implications for
educationalists in their attempts to meet the demands of educating children from
diverse backgrounds in cognitive, social, emotional and cultural domains (Bidell &
Fischer 1992).

2.9.2.4 Demetriou
Greek Cypriot psychologist Andreas Demetriou’s theory of cognitive development
integrated developmental aspects of Piaget’s work with more recent theorists such as
Case acknowledging the role of processing speed and cognitive control (Demetriou
2000). Demetriou proposed that self-awareness was also a contributing factor in the
leaning process. Demetriou suggested that the mind is organised into three levels:
processing capacity, awareness of self and awareness of environment. Investigations
by Demetriou found that changes in processing speed influenced control processing,
which in turn influenced working memory capacity. This cascade effect resulted in the
development of new skills and knowledge. Theoretical frameworks such as this have
assisted in creating models of brain architecture, linking neural plasticity, myelination
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and neuronal connectivity to general intelligence and cognitive processing (Demetriou
2000; Demetriou, Spanoudis & Mouyi 2010).

2.9.3 Dynamic Systems Theory
One of the identified problems with the many approaches to child development theories
is that they exclude pertinent aspects of other theories. Mechanistic approaches to
child development (suggesting that development is orderly, predictable and follows
predetermined universal laws) have contributed to understanding of the nature of
development but are unable to reconcile the organic appearance of growth as
described by Organismic theorists (Lewis 2000). Constructivist neo-Piagetians and
learning theorists explain child development from a more holistic perspective,
acknowledging a wider range of theoretical frameworks; however, neither is fully
compatible with the other. No single approach is able to encompass the range of
perspectives within the discipline of psychology (Lewis 2000).

A Dynamic Systems approach is a theoretical framework potentially capable of
converging major existing theories on child development (Lewis 2000; Thelen & Smith
1996). Dynamic Systems theory has been applied to a number of other scientific
disciplines in a range of forms. Chaos theory, Complex systems theory and Control
theory are examples of variations of Dynamic Systems theory adapted to diverse
sciences such as neuroscience, biomechanics, meteorology, chemistry and computing
(Busemeyer 2000). Lewis (2000) suggests that developmental and cognitive
psychology will continue to develop and refine frameworks based on Dynamic Systems
theory.

A basic premise of Dynamic Systems theory is that organisms and systems are selforganising. Growth, development, change and maturation result from changes in
equilibrium of energy states. Although essentially a mathematical model and first used
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in physics and engineering, Dynamic Systems theory has application in cognitive
science (Busemeyer 2000; van Geert 1994).

Dynamic Systems theory has a basic framework composed of three stages or states:
1. initial state: the beginning state of the system, organism or child, for example,
age, experience, environmental context
2. state-space: the set of possible responses available to a stimulus, situation or
motivation
3. state-transition function: a function that updates and changes the state of the
system, organism or child from moment to moment, creating a new initial state
(Busemeyer 2000; Thelen & Smith 1996).

These waves of cycles are continuous, evolutionary and self-organising (Lewis 2000).
The Dynamic Systems framework is considered suitably flexible and adaptable to
accommodate a wide range of current theories. Although yet to be extensively
accepted by the psychology discipline, Dynamic Systems may eventually provide a
consolidated framework to describe child development, from infant to teenager, reflex
integration, motor development, emotional development and personality differences
(Lewis 2000; Thelen & Smith 1996).

Piaget, Vygotsky, Neo-Piagetian and Dynamic Systems theory have an underlying
agreement that early stages of child development are centred on neurological maturity,
sensory perceptual development and motor development. As an infant grows older, he
or she is able to perform more complex motor actions and higher levels of cognitive
processing. Apart from the child’s innate intellectual capacity and physical attributes,
there are many internal, social, cultural and environmental factors that influence the
child’s ability to attain their cognitive potential.
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2.10 Reading
The process of learning to read has been researched over many decades. Developing
a succinct understanding of how children learn to read has been difficult due to the
complexity of the skill and the number of perspectives that can be considered: neurobiological, psychological, socio-cultural, linguistic, educational and political. Historically
disciplines have not taken other viewpoints into account when proposing theoretical
models of how reading is achieved (Hall et al. 2010).

This thesis does not review the process of teaching children to read but focuses on the
perceptual and neurological building blocks that enable the child to gain the most from
whichever literacy teaching approach is implemented. Hall (2010) indicates that there
are many approaches to teaching children to become literate with the most important
element in all methods being an accomplished teacher.

A neuro-biological perspective on the process of learning to read text, once the child
has a degree of grapho-phonemic knowledge, describes a number of sub-routines
commencing with a momentary focus (fixation) on a written word. With this glance, the
group of abstract symbols (letters) are recognised, decoded and combined to identify
the appropriate spoken word. Meaning is attached to the word then held in memory for
processing with additional text to enable comprehension of what is being read. Rapid
(saccadic) movement of eyes in tandem locates the next word and the decoding
process is again activated. In adults, each fixation and decoding sequence occurs in
less than 250 milli-seconds (Lane 2005). Decoding of text is a different neural process
to understanding the meaning of written words and both tasks activate responses in
different sets of neurological structures (Kandel, Schwartz & Jessell 2000).

Early success at reading therefore requires each of the related neurological structures
to be efficient, well integrated and able to process information at great speeds (Lane
2005). The process of learning to read is a protracted task with many barriers to
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overcome, especially with regards to the English language and its many
inconsistencies and complex syllables.

Reading for a proficient reader however is not the laborious process described above.
Vast amounts of information are processed very rapidly to enable the fluent reader to
read and comprehend text seemingly with very little effort. The underlying process
however was commenced with solid foundations in oral language skills, phonemic and
phonological awareness, grapheme knowledge, adequate working memory and eye
tracking skills.

2.10.1 Theories of Dyslexia
As children’s neurological systems mature and language, perceptual and motor skills
become sufficiently refined, learning to read and write are achievements that children
are expected to accomplishment. For many children, however, learning to read and
write are extremely difficult tasks that may never be realised. As researchers explore
the complexities of the brain, better understandings are being developed as to why
some people are unable to read despite adequate intelligence. Dyslexia is a disorder
that is typically identified as having core deficits in reading and spelling where these
difficulties cannot be attributed to low vision, poor hearing, inadequate instruction or
neurological insult (Grigorenko 2001; Kandel, Schwartz & Jessell 2000; Lane 2005).

The nature of dyslexia is varied with a consensus that there is no single cause.
Dyslexia is found in all language groups, but is more prevalent in languages that have
complex phonological rules. English, a phonologically complex language, has a higher
incidence of dyslexia than, for example, German, a less complex language (SchulteKorne 2007). Schulte-Korne (2007) suggested that about five per cent of German
children could be considered dyslexic with about 40–50 per cent of these children
having difficulties persisting into adulthood. Kandel et al. (2000) suggest a high
incidence of developmental dyslexia in the US of between 10 and 30 per cent.
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Grigorenko (2001) reported the following incidence of dyslexia: Japan and China with a
low incidence of about one per cent, Scandinavian countries up to 10 per cent and
about 20 per cent of children in English-speaking countries (Grigorenko 2001).

Currently, there are four major theories that offer explanations for the underlying
causes of dyslexia. These are the:
•

Phonological Deficit Hypothesis

•

Magnocellular Deficit Hypothesis

•

Double Deficit Hypothesis

•

Cerebellar Deficit Hypothesis

2.10.1.1 Phonological Deficit Hypothesis
The most common theory for dyslexia is the Phonological Deficit Hypothesis.
This theory proposes that the primary deficit is in the language areas of the left
hemisphere of the Cerebrum, the Sylvian fissure, and its related structures. The
resulting difficulties affect core elements of prerequisite skills for reading: speech
perception, speech production, verbal short-term memory, phonological awareness
and rapid naming. This deficit results in failure of adequate phonological skill
development, which typically occurs around five years of age. These inadequacies
interfere with phoneme-grapheme (sound to symbol) and grapheme-phoneme (symbol
to sound) conversion proficiency, which is required for efficient reading and writing (de
Jong & van der Leij 1999; Galaburda 2005; Goswami 2002a; Grigorenko 2001; Heim et
al. 2008; Kandel, Schwartz & Jessell 2000; Lane 2005; Ramus & Szenkovits 2008).

2.10.1.2 Magnocellular Deficit Hypothesis
This hypothesis proposes that deficits in processing visual information affect reading
development. Visual stimulation is sent from the eyes to the visual cortex via two
principal pathways: the Parvocellular and Magnocellular pathways. Parvocellular
pathways transmit information concerning colour contrast, high spatial frequencies
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(abrupt changes such as an edge) and low temporal frequencies (changes in patterns
over time). Magnocellular pathways transmit information at faster speeds than
Parvocellular pathways and are activated at lower luminescence levels. Magnocellular
data is of low spatial frequencies (global information about shape, proportion and
orientation and low contrast black and white information) and high temporal
frequencies (rapid changes in patterns) (Kandel, Schwartz & Jessell 2000; Lane 2005).

Reading requires transient visual information to be rapidly processed as the eyes
momentarily fix on each word before moving onto the next. When Magnocellular
pathways are either reduced in number or abnormally small the child’s reading ability is
compromised due the poor synchronisation of visual information from these two
pathways (Kandel, Schwartz & Jessell 2000).

2.10.1.3 Double Deficit Hypothesis
The Double Deficit Hypothesis suggests a combination of both the Phonological Deficit
Hypothesis and Magnocellular Deficit Hypothesis. Processing speed, language and
phonological awareness are impaired, resulting in difficulties understanding
phonological rules, as well as processing information at adequate speeds. Processing
of both visual and auditory information is affected, interfering with decoding spoken
words and written text (Lane 2005; Miller et al. 2006; Wolf & Bowers 1999).

Baddeley’s (2003) theory of working memory suggests an association between
adequate phonological awareness, processing speed and typical language
development. Atypical language development can be an indicator of potential reading
difficulties, as oral language development precedes reading and writing development
(Baddeley, A. 2003; Baddeley, A., Gathercole & Papagno 1998; Gathercole et al.
2006).

2.10.1.4 Cerebellar Deficit Hypothesis
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The Cerebellar Deficit Hypothesis acknowledges the importance of the cerebellum in
both language development and reading. This theory proposes that reading
development is severely impaired if there is a deficit in cerebellar function, since
reading depends on two key functions of the cerebellum: learning of new skills and
becoming an efficient expert in this skill (O'Hare & Khalid 2002).

Much of the debate regarding developmental dyslexia and the cerebellum is over the
location of the deficit, not the overt signs of the difficulty. Zeffiro and Edent (2001)
argue that the cerebellum is intact and it is connected cerebral structures that are
affected (Zeffiro & Eden 2001). However, Nicolson and Fawcett (1990, 1994, 2005,
2006) and Nicolson, Fawcett and Dean (2001) have repeatedly presented data to
support the major role the cerebellum plays in dyslexia. Kibby et al. (2008) describe
discrepancies between MRI volumetric measures of children with dyslexia, ADHD and
hyperactivity and typical children. Evidence did not show strong support for cerebellar
deficit theory as there was mixed results in volumetric differences. Because both the
cerebellum and cerebrum hemispheres were involved they suggest there is evidence
for sub-groups of children with dyslexia but not singularly a cerebellar deficit (Kibby et
al. 2008).

Each hypothesis offers a part explanation for the source of dyslexia; however, none
provides an adequate complete theoretical framework. Fawcett and Nicolson (2007)
highlight the variety of features people with dyslexia have and how they are not a
homogenous group. They report that a probable incidence of visual deficits in people
with dyslexia is 29 per cent, auditory deficits, 39 per cent and motor deficits 50 per
cent. Processing speed and phonological deficits are estimated to be in more than 90
per cent of people with dyslexia (Fawcett & Nicolson 2007). Genetic studies are also
finding another dimension to understanding the problem, as there are familial links with
dyslexia, processing speed and mathematical abilities (Schulte-Korne 2007).
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Writing and reading are complex tasks to learn even when all neurological structures
are intact and efficiently integrated. This chapter has presented the range of complex
skills required prior to being able to learn to read and write and theoretical frameworks
to better understand why this may be more difficult for some children. The following
chapter will present the research design and processes undertaken to assess
preschool children in a range of core prerequisite reading and writing skills.
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Chapter 3: Methodological Approach
3.1 Research Design
This quantitative cross-sectional study was designed to measure prerequisite reading
and writing skills in a sample of children in and around Darwin, NT including the
satellite city of Palmerston and the nearby rural area. Children were assessed with
standardised tests at the beginning of their first complete year of preschool to measure
prerequisite literacy skills acquired prior to commencing formal education. Sociodemographic data from school enrolment forms was collected on both parent and child.

3.2 Geographical Region
The Australian Bureau of Statistics (ABS) Statistical Division of Darwin consists of
three sub-divisions: Darwin City, Palmerston-East Arm and Litchfield Shire (Figure 3.1)
(Australian Bureau of Statistics 2001). Darwin City and Palmerston-East Arm, 112km2
and 53km2 in size respectively, contain Darwin and Palmerston the two major urban
centres of the Northern Territory (Australian Bureau of Statistics 2010a, 2010c). These
two sub-divisions have the greatest population and majority of schools. The subdivision of Litchfield Shire is the largest geographical area, 2914km2, and is
predominantly rural with a smaller population than the other two sub-divisions and
fewer schools. (Australian Bureau of Statistics 2010b),

3.3 Target Population
The target cohort for this study was children commencing preschool within the
specified geographic area between the ages of three years six months and five years
six months. Eligible children were those commencing preschool for the first time or who
had attended preschool only at the end of the previous year, whether or not they had
attended other structured programs such as day care. Children attending preschool for
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more than six months of the previous year were to be excluded due to the influence
this experience could have on assessment results.

Figure 3.1: Australian Standard Geographical Classification—Darwin
Statistical Division
(Australian Bureau of Statistics 2001).
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3.4 Sample Size
Projection of 2006 ABS population data (Australian Bureau of Statistics 2006b) of the
number of two-year old children in the Darwin Statistical Division indicated that
approximately 1,600 children were eligible to attend preschool in 2008. According to
Harrington (2008), the percentage of children attending non-compulsory schooling
(including preschool) was approximately 78 per cent in the NT (Harrington 2008).
Based on these figures, the potential preschool population in 2008 was estimated to be
approximately 1,250.

Estimation of an adequate sample size for statistical significance was calculated using
three web-based sample size calculation sites (Creative Research Systems 2011;
MaCorr Research 2011; Raosoft Inc 2011). The Beery-Buktenica Developmental Test
of VMI assessment, one of the standardised tests used in the study has a mean of 100,
a standard deviation of 10 and standard of error of ±5. With a potential preschool
population of 1,250, a sample size of 294 students was calculated as being sufficient to
adequately measure the population mean for this assessment at a 95 per cent
confidence level. Similar test battery data was not available for the other two
assessments used, so sample size was calculated on the VMI data only. A sample of
300 children would represent 24 per cent of the expected preschool population of the
area.

3.5 Cohort Selection
The study had two contingency plans for selecting children to participate:
1. If the number of children nominated for the study was close to the required
number, then all children would be assessed.
2. If more children were nominated than could be assessed by the research
team’s resources, then children would be randomly selected, using a random
number generator.
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Three hundred and eighty-seven children (31 per cent of the expected preschool
population) were nominated to participate in the study by their parent, guardian or
carer. All children were considered for inclusion in the project with no randomised
selection implemented.

3.6 Target Preschools
Government schools with a preschool attached and Catholic Education primary
schools with an Early Learning Centre and within the Darwin Statistical Division were
invited to participate in the study. A number of small schools in the outer reaches of the
Litchfield Shire were not invited due to the small number of students enrolled and
distance from Darwin. The school farthest from Darwin City that was invited was
approximately 50 kilometres by road. Seven Independent schools that were within the
Darwin Statistical Division were not invited to participate in the study due to the small
number of student enrolments. Thirty-five schools (29 Government and 6 Catholic
Education) were invited to the study.

3.7 Ethics Approval
Ethics approval was required from three committees:
1. The Human Research Ethics Committee of NT Department of Health and
Community Services and Menzies School of Health Research
2. The Department of Education and Training (DET) (formerly known as
Department of Employment, Education and Training) ethics committee and
3. The Catholic Education Office (CEO) ethics committee

Once ethics approval was granted from the first ethics committee, approval was then
sought from DET and CEO to conduct research in their respective education facilities.
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3.8 School Recruitment
Schools could not be approached until their particular ethics committee had provided
permission to conduct research within their education facility. Immediately after ethics
approval was granted, principals in each of the 35 schools were emailed with an
attached letter (see Appendix A) inviting their school to participate in the study. Followup phone calls were initiated a number of days later.

It had been anticipated that schools would be invited to participate in the project well
before the end of term 4 2007. Early contact would have given principals time to
consider the proposal before the hectic period leading up to the end of the school year.

Unfortunately, for reasons beyond the researcher’s control, DET ethics approval was
not received until eight days prior to the end of the 2007 school year, which did not
allow for a long recruitment phase. Follow-up phone calls were essential in securing
commitments from schools. A number of emails had not been passed on to principals
due to the school’s administration process or had been dismissed as not being
important and deleted. Once direct contact had been made with the principal, or
assistant principal, the majority of schools saw value in participating in the project.
Generally, principals wanted to know the benefits of participation to the school,
teachers and students, and what time commitment would be required from teachers
and the school. These details were in the letter of invitation and were discussed and
clarified.

Once a school had expressed interest in participating in the study, packages of project
forms were personally delivered to the school. Each package consisted of a:
•

parent information form outlining the research, the assessments to be used and
benefit to the parent, their child, teacher and school (see Appendix B)

•

parent consent form requiring the parent or guardian’s signature to agree to their
child participating in the research and to be assessed with standardised tests. It
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was also made clear that consent could be withdrawn at any time by parent,
guardian or child (see Appendix C)
•

parent occupation type form requesting additional parent demographic data to
fulfil an agreement obligation with one of the assessment authors to gather
specific occupation data (see Appendix D)

Packets of 10 sets of forms were delivered as most schools felt this would be
adequate. Delivery of forms continued to the last day of fourth term and recommenced
at the beginning of first term 2008.

Twenty-four schools had nominated to participate in the research by the end of term 4
2007. One Catholic Education School withdrew from the project, as they were unable
to offer an Early Learning Centre program at the school in 2008, thus 23 schools
participated in the research. Apart from this one school, the researcher received no
indication that any school actively refused to participate in the study. Non-participation
was a result of no further contact from the school following the initial invitation and
follow-up process.

3.9 Child Recruitment
The proposed mechanics of the recruitment process of children to the project was
based on earlier discussions with school staff. It was suggested that when parents
attended the school to enrol their child, they could then be invited to include their child
in the research. This did occur on some occasions but in most instances, the preschool
teacher approached parents after the child had commenced preschool. Parents
agreeing to their child participating in the research were given the Parent/Guardian
Information sheet for more information on the study and consent and parent occupation
forms to complete.
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Completed consent forms were either sent to Menzies School of Health Research by
post or collected by the primary researcher from schools. A cut-off date was set for
Friday 15 February, three weeks into first term, for the last of the consent forms to be
collected. This date was extended due to the continued interest of parents and
teachers in the project. This resulted in the recruitment/consent phase and assessment
phase overlapping for a number of weeks. Once assessments had been conducted at
a school, no more children from that school were accepted.

3.10 Assessment Tools
As identified in the literature search, a number of measures of child development and
early literacy skills were required for this study including language skills, working
memory, processing speed, listening skills, visual-motor skills and coordination.

The age of the target group was a significant factor in determining assessment tool
selection. The limited exposure children of this age have had to formal learning
restricted the pre-academic and academic skills that could be assessed. Most
assessments available targeted older students who had some experience in formal
learning programs. A number of assessments were identified that measured some of
the skills desired but these were not suitable due to the age range, skills assessed or
specific professional qualifications required to administer and score the test. Examples
of assessment batteries excluded are: the Dyslexia Early Screening Test (DEST), Wide
Range Achievement Test, Process Assessment of the Learner: Diagnostic for Reading
and Writing (PAL-II), Clinical Evaluation of Language Fundamentals (CELF-4) and the
Wechsler Individual Achievement Test (WAIT-II).

The Ages and Stages Questionnaire (Squires, Potter & Bricker 1999), a checklist
assessment, was also considered. This tool provides a limited range of information and
required people who knew the child well, parents or teachers, to complete the
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questionnaire. This would have required a considerable time commitment from school
staff, which would have been unreasonable, and most likely not justifiable or
acceptable to school management.

Three assessments were selected and are described below.

3.10.1 Assessment of Language Skills—GAPS test 2007
As language plays an essential role in successfully becoming literate, including an
assessment to measure the child’s language development and understanding of
language was required.

Sophisticated and complex language assessments such as the CELF-4 are available
but these are restricted for use by specialists such as speech and language
pathologists (Semal, Wiig & Secord 2006). A screening tool that could later be used by
teachers to identify language delays was preferable rather than a specific assessment
tool to identify the pathology of a language disorder.

The Grammar and Phonology Screening test (GAPS) was identified as the preferred
language related assessment tool. Published in 2007, GAPS was designed as a
screening tool for therapists and classroom teachers to identify students who have an
SLI and therefore potential literacy delays (van der Lely et al. 2007). The GAPS test
consists of two language recall sub-tests, Sentence Repetition and Non-Word
Repetition.

Dr Heather van der Lely, the primary author of the assessment, is a speech pathologist
who has been studying SLI for more than 10 years. In 2007, van der Lely and her team
consolidated their research with current understandings of language disorders and
published the GAPS test. Van der Lely isolated the critical elements of English
language acquisition: morphology, syntax and phonology. Deficits in these three areas
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are most likely to occur in children with SLI (Gardner et al. 2006; van der Lely et al.
2007).

The recommended age range of this test, between three years four months and six
years eight months, was suited to this study. Consideration was also given to the
relevance of this test for students who do not have English as their first language. It
was confirmed with the author that GAPS was appropriate for such children. GAPS is a
screening assessment and not a diagnostic tool therefore children scoring below the
15th percentile are recommended to seek further investigation from a language
specialist.

3.10.2 Preschool Skills and Prerequisite Skills for Literacy—The PREST 2001
Measuring skills that are often referred to as ‘preschool’ skills was an important
component of the study. Attributes to be measured included areas such as: language,
listening skills, memory capacity, processing speed, perceptual and motor skills. The
only preschool skills assessment to meet criteria for inclusion in the project was the
Pre-School Screening Test (PREST).

The PREST evolved from research in dyslexia and the process of acquiring reading
skills. Dr Angela Fawcett and Professor Rod Nicholson have been investigating factors
that affect children with reading difficulties for over 15 years (Fawcett, Nicolson & Lee
2001). The Dyslexia Early Screening Test (DEST) was developed as a tool to assist
teachers and other professionals to identify students who were ‘at risk’ of being poor
readers. In 2000, DEST sub-tests were adapted for a younger population resulting in
the publication of the PREST (Fawcett, Nicolson & Lee 2001).

The PREST is designed for the age range of three years six months to four years six
months. In personal communication with Dr Fawcett (email, June 2008), she stated that
the age range of the PREST could be extended to four years nine months without
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affecting the test reliability. This extended age range was applied in this research. The
preschool and early literacy skills assessed by PREST are shown in Table 3.1.

Table 3.1: PREST sub-tests and skills assessed
PREST sub-test

Assessed skill

Rapid naming

Visual processing speed

Bead Threading and Paper Cutting

Fine motor skills

Digits and Letters

Symbol knowledge

Repetition

Auditory short-term memory

Shape Copying

Visual-motor skill

Corsi Frog

Visual spatial memory

Balance

Gross motor

Phonological Discrimination

Auditory discrimination

Digit Span

Working memory

Rhyming

Rhyme awareness

Sound Order

Auditory processing and auditory sequencing

Teddy and Form Matching

Visual matching and visual memory

3.10.2.1 PREST Sub-Test Deletion
During the preparation phase of the project and prior to assessing students it was
decided to exclude one of the PREST sub-tests, Shape Copying, a test of visual-motor
skills from the study. During the process of developing test protocols, this sub-test was
found to have low inter-rater scoring consistency between research assistants. The
Beery-Buktenica Developmental Test of VMI, discussed below, also measures visualmotor ability. Excluding the Shape Copying sub-test did not reduce the range of skills
being assessed in the study or affect the validity of the PREST results.
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3.10.3 Motor and Visual Perception Skills—The Beery-Buktenica Developmental Test
of Visual-Motor Integration, 5th Edition (VMI)
The VMI is a pencil and paper test, is easy to administer, relatively simple to score and
provides a measure of visual-motor skills relevant to literacy and academic
performance. The rationale for including the VMI in the study was:
•

It has been standardised five times since it was first published in 1967, most
recently in 2006, and across ages from one to 100 years. Very little recalibration
has been required over this time and is considered by the author to be a reliable
assessment of basic neuropsychological abilities (Beery & Beery 2006).

•

It is considered a strong predictor of a child’s readiness to learn to draw letter
shapes (Beery & Beery 2006; Cornhill & Case-Smith 1996; Daly, Kelley & Krauss
2003; Dankert, Davies & Gavin 2003; Dunn, Loxton & Naidoo 2006; Marr,
Windsor & Cermak 2001; Weil & Amundson 1994).

•

It has been used in research as a measure of visual-motor development (Cornhill
& Case-Smith 1996; Dankert, Davies & Gavin 2003; Fowler & Cross 1986;
Kooistra et al. 2005; Kulp & Sortor 2003; Margolese & Kline 1999; Sortor, Kulp &
Taylor 2003; Weerdenburg & Janzen 1985; Weil & Amundson 1994).

•

It has been found to be a reliable measure of visual-motor skills and is
considered a predictor of academic achievement (Barnhardt et al. 2005;
Goldstein & Britt 1994; Grunau, Whitfield & Davis 2002; Klein 1978; Snow, Burns
& Griffin 1998; Son & Meisels 2006; Tramontana, Hooper & Selzer 1988;
Weerdenburg & Janzen 1985).

•

The age range of the VMI is two years to 99 years 11 months, which included the
research cohort range.

•

The principal researcher has had a long association with the assessment and
from a clinical perspective he was confidant that the information gained in the
assessment was a significant reflection of the child’s visual-motor skills.
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3.11 Research Assistants
The aim of this study was to measure the early literacy skills of children as they entered
the education system at preschool. Logistically, it was not possible to assess every
child on the same day or week to capture the same degree of exposure to preschool. It
was estimated that assessment with three tests would take approximately 50 minutes
for each child. This conservative estimate of time did not take into account set-up time
of the test area, time to develop rapport with the child and settle him or her into the test
procedure, time taken to locate the child or wait for them to complete the task they
were doing in class.

It was calculated that 300 assessments at a minimum time of 50 minutes each would
require 250 hours to complete. Preschool sessions (morning or afternoon) are
generally two and a half hours long. One assessor could assess 300 children in a
minimum of 100 days or 20 weeks. This estimation did not account for public holidays,
mid-term break or class unavailability due to school activities.

Access to research student support funds through the Menzies School of Health
Research provided an opportunity to employ research assistants to assist with the
assessment of children to reduce the assessment timeframe.

The skills and experience required of research assistants was specific. Essential skills
were knowledge of child assessments, experience in assessing and working with
children and a police clearance to work with children. Experience working within
education settings was preferred.

Negotiation with the Manager of the Children’s Development Team of the NT
Government Department of Health and Community Services (as it was then known)
resulted in an agreement allowing three staff from the team to assist in assessing
children for nine days each as part of their professional development. Two
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occupational therapists and one speech pathologist were invited to assist. Payment to
the Children’s Development Team was agreed to be equipment purchases equivalent
to the cost of the three staff members’ professional services.

A private occupational therapist was also invited to assist in assessing children with the
agreement that she would be paid at an hourly rate.

3.12 Assessment Protocols
Prior to commencing assessment of children, it was essential that all assessors were
familiar with the assessment tools and consistent in following the specified assessment
protocols.

Training sessions were provided to all research assistants before formal assessments
began. Protocol booklets for each of the assessments were written, complete with a list
of materials required, test layout and instructions to be used during assessment (see
Appendices E, F and G). These protocols were reviewed during practice sessions with
children not included in the study. Each assistant assessed children while being
observed by the other assistants. Feedback was provided following each session and
adjustments made to the assistant’s procedure and/or the protocol booklet as was
required. Four children (with written parental consent) were assessed with all
assessments during this training phase during January and February 2008. As all
assessors were paediatric therapists experienced in assessing this age group, it was
agreed that these sessions, along with associated discussions, were adequate for
assessors to become familiar with the tests.

Efficiency in performing each test was an important factor in assessing this large
number of children. The training phase allowed tests to be practiced to determine the
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most efficient grouping of assessment sub-tests, the number of assistants required per
assessment day and optimal scheduling of assistant days.

It was established that three assessors per day would be the most efficient
combination. The three tests, VMI, PREST, and GAPS were divided into three clusters
as follows:
•

Assessor one: PREST Part 1

•

Assessor two: PREST Part 2

•

Assessor three: VMI, GAPS and PREST Sound Order sub-test

Assessors were assigned a specific test cluster each day and rotated through the
clusters on alternate days to limit assessor bias in any one test and to reduce assessor
fatigue from over exposure to one assessment cluster only.

Kits were constructed for each of the three assessment groups: PREST 1, PREST 2
and VMI/GAPS/Sound Order. Packages were labelled and contained all materials
required: test materials, protocol booklet, pencils, sharpener, stopwatch (if required)
assessment score sheets and reward stickers for children to be given at completion of
each assessment cluster.

3.13 Data Collection Process
Data on each child was collected from three sources: initial consent form, school
enrolment form and assessment results. Preliminary demographic data was collected
from consent forms: parent name, child’s name, address and school. Additional parent
occupation data was collected at this stage on the Parent/Guardian Additional
Information Sheet, as per agreement with the GAPS author.
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On completion of assessments at each school, further demographic data was gathered
from the child’s school enrolment form, as per the consent agreement granted by
parents. Each enrolment form was photocopied for data entry at a later stage. This
process eliminated unnecessary photocopying of enrolment data of children who were
not assessed.

3.13.1 Reduced Data Sets
Of the original 387 children granted permission to participate in the study, 333 were
assessed. Fifty-four children were not assessed, as they were away, refused to be
tested or were unable to participate in the tests (Figure 3.2).

One oversight in the data collection process was to omit the child’s date of birth on the
consent form. This resulted in six children being accepted into the study who were
beyond the age range of the PREST, but within the age range of the other two tests.
These six children were excluded from the PREST data set early in the analysis phase.
In addition, two of the PREST sub-tests, Rapid Naming and Sound Order, had one
child each who were unable to complete the sub-test. Three hundred and twenty-seven
records were therefore available for the majority of PREST sub-test analyses with only
326 available for sub-tests Rapid Naming and Sound Order (Figure 3.3).

During the analysis phase, it became apparent that the scores of the four children who
were five years and older were atypical of the expected performance for this age. Their
results are discussed further in Chapter 4, however these four older children were
excluded from the data for analysis.

Additionally, as seen in Figure 3.3, two children were unable to complete both GAPS
sub-tests; hence there were 327 records in GAPS sub-tests data.
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Preschools and Early Learning Centers in the Darwin, Palmerston and rural area
invited to participate in the study. (n=35 schools)

School
accepts the
invitation.

No

No further action taken.
(n=12 schools)

Yes

Parent Consent and Information
packs delivered.
(n=23 schools)

Yes

Parents invited to
allow their child to participate in
the study.

Parent declines
invitation or does
not respond.
No further action taken.

Parent accepts invitation

Child to be
assessed.
(n=387)

Child away, refused
or unable to
participate.

Yes

Demographic data
gathered, assessments
scored and data entered
into spreadsheet.
(n=333 children)

Figure 3.2: Data collection flowchart
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No further data collected
on child.
(n=54)

Children assessed. (n=333)

VMI

GAPS

PREST

Within test
age range.
(n=327)

Outside
test age
range.
(n=6)

Able to
complete
sub-test.

Unable
to complete
sub-test.
(n=1)

Unable
to complete
sub-tests.
(n=2)

Able to
complete
sub-tests.

Age 5years and older excluded.
(n=4)

VMI
(n=329)

GAPS
(n=327)

PREST (n=327)
• Bead Threading & Paper Cutting
• Digits and Letters
• Repetition
• Shape Copying
• Corsi Frog
• Balance
• Phonological Discrimination
• Digit Span
• Rhyming
• Teddy & Form Matching

PREST (n=326)
• Rapid Naming
• Sound Order

Figure 3.3: Reduced data sets flowchart

3.13.2 Allocation of Student Identification Numbers
Demographic information was recorded on a Microsoft® Excel spreadsheet. Each child
was allocated an identification (ID) number to enable data to be de-identified once all
data had been entered. ID numbers consisted of two components: a school reference
and student number. All invited schools were alphabetically listed with one hundred
sequential numbers allocated to each school, for example, 300 to 399. School
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reference numbers did not alter if a school did not participate. The allocation of schools
into blocks of one hundred was implemented as no preschool had more than 100
enrolments. As consent forms were received, students were allocated sequential
numbers from 00 to 99 with their school prefix code.

3.14 Assessment Process
3.14.1 Preparation
Demographic data from consent forms was entered into a spreadsheet as they were
received. Each record was entered into a separate spreadsheet twice. Both
spreadsheets were compared using an Excel ‘add-in’ titled ‘Compare’ written by Stuart
W Moore. This ‘double entry’ of data was employed throughout the data entry process
to minimise data entry error.

Cover sheets for each child were printed at least the day prior to assessment. Cover
sheets required the following data to be entered: child’s name, child’s date of birth,
child’s age, school, allocated ID and date that each assessment was completed. Cover
sheets were attached to the child’s consent form and Parent/Guardian Additional
Information sheet. All material relating to the child, including completed assessment
forms were placed in a plastic sleeve to keep data on each child in one location.

A Master Sheet was prepared for each preschool prior to commencing assessment.
Information entered on the Master Sheets was: preschool name, address, phone
number, key school contacts (Principal, Assistant Principle, preschool teacher/s),
names of students to be assessed, dates that each assessment was completed and by
which assessor. School contact details were included to assist research assistants
when they visited schools on the occasions when the principal researcher was not
present. Assessment completion dates for each test was essential to ensure that data
sets on each child were complete.
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The principal researcher contacted preschools in advance to negotiate days and times
for the assessment team to visit. There were no consistent session times across
preschools with a variety of times and combination of days offered. Some schools had
morning and afternoon sessions, four mornings a week, with the fifth day shared
alternately with the morning and afternoon groups. Other preschools offered two whole
day programs, and had two different classes during the week. Scheduling of
assessment appointment times was made more difficult because of these variations in
preschool sessions.

To ensure efficient use of research assistant time, schools with the largest number of
students to assess were targeted first. The most children participating in the study in
one school was 41, the smallest was two.

3.14.2 Assessment Implementation
In most preschools, the assessment area, to accommodate all three assessors, was
not in the classroom area. Some assessment areas were distinct from the class and
some were screened or in a separate alcove near the main classroom. In each
situation, assessors provided the most conducive environment for assessment as
possible: minimising visual and auditory distractions and with a suitable desk and chair
for the child.

Children were not assessed in all tests in one continuous session. Each assessor
collected children from the class individually. This provided the child with a break in
between assessments to minimise assessment overload and encourage optimal
performance from each child. Some teachers were flexible in allowing children to be
taken out of their class activity; others were less accommodating and did not let the
child leave an activity until it was completed. In each situation, the assessors adapted
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to the circumstance to ensure that the assessment was a true reflection of the child’s
skills on the day, as well as maintain a positive relationship with the classroom staff.

3.14.3 Children with Consent Who Were Not Assessed
Parental permission was received for 387 students to participate in the study. Three
hundred and thirty-three students were assessed. The remaining 54 students were not
assessed due to the child being away at the time of assessment (47 students), the
child refusing to participate in the assessment process (five students) or the child not
being able to complete the assessments (two students).

To assess as many children as possible, allowances were made to see a child on
another day if they were away on the initial assessment day. This option was available
at schools where assessments occurred on more than one day. If a child had
commenced being assessed and then was not available the next day, assessors did
return to complete the set of assessments. Due to time constraints, it was not possible
to continually return to schools to ensure that every child for whom consent had been
given was assessed.

School staff were very cooperative and helpful in assisting assessors assess children
who were shy or reluctant to be assessed. Five students refused to attempt the
assessment process even with a great deal of encouragement from staff. Each of
these children’s teachers reported that they also had significant difficulty getting these
children to participate in the preschool program. Another two children commenced the
assessment process but became overwhelmed by the challenge of the assessments
and refused to continue. This behaviour was accepted as the child’s withdrawal of
consent to be assessed.

68

3.14.4 Assessor Schedules
Three assessors were scheduled to visit schools each weekday. Research assistants
from the Children’s Development Team (CDT) were available for the first four weeks of
the assessment period. During this time, the assessment team consisted of the primary
researcher and two research assistants four days of the week. The primary researcher
was committed to other employment one day a week, so on this day, two CDT
research assistants and the private occupational therapist assessed students to
maintain the preferred assessment regime of three assessors per day. Two CDT
research assistants worked for the first two weeks, rotating with the other two research
assistants for the following two weeks. During week three and four of the assessments,
only two assessors were available on the one day the primary researcher was not
available. Each other day of the week had three assessors.

After the first four weeks of assessment, the three CDT research assistants were no
longer available. The fourth assistant provided assessment support on 11 days over
the next four weeks. The primary researcher assessed the remaining children.

It is difficult to accurately determine how many children each assessor assessed
because different components of the tests were used daily. The three CDT assistants
assessed for 52, 48 and 43 hours respectively and the private occupational therapist
assessed for 62 hours. The primary researcher completed 128 hours of assessment.

Assessments commenced on Monday 25 February 2008 and were completed by
Monday 19 May. Approximately 333 person hours were spent assessing children over
this 12-week period. Assessments were unable to be conducted on 12 days during this
time due to four public holidays, five days of school term break and three days of
teacher industrial dispute.
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3.15 Scoring and Recording of Assessment Results
The primary researcher scored all assessments for logistical reasons and consistency
in test scoring. Each test score was ‘double entered’ as described above in two
spreadsheets and compared for errors. Discrepancies were corrected as they were
identified.

3.15.1 Demographic Data
As discussed previously, copies of the child’s school enrolment forms were gathered
after testing had been completed at each school. Child and parent information was
similar, although not identical, on DET and CEO enrolment forms. Highest level of
parental schooling, parent post-school qualifications and identified disability of the child
were not available for the 10 children enrolled in CEO facilities. School enrolment
demographic data were entered into two spreadsheets and compared after all
assessments on a child had been completed.

3.15.2 Preparing Data for Analysis
Demographic data and assessment score spreadsheets were combined into one
spreadsheet using the student ID as the common variable. Identifiable data such as
parent and child names and address were removed. Variables were coded with
shortened titles and data was again checked for consistency. This combined
spreadsheet was imported into the statistical analysis software package Stata 10
(StataCorp, Statistical Software: Release 10).

3.15.3 Reporting of Child Assessment Results
Once demographic and assessment data were entered, a letter was composed to
present the results of sub-tests for each individual child. Individualised letters were sent
to the child’s school and parent/s (see Appendix H). The primary researcher was not
available to discuss results of children with low scores with parents as this was beyond
his role in this study. He did discuss specific children with teachers during the
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assessment phase when difficulties were observed. It was recommended that teachers
refer children with low scores to support services for further investigation.

3.15.4 Preschool Teachers Association
Typically, when the assessment team was in schools, teachers were not available to
discuss the project in any depth due to their class commitments. At the completion of
the assessment phase, the primary researcher arranged with the NT Preschool
Teachers Association to meet with preschool teachers to discuss the project, tests
used, data gathered and the relevance of this information to curriculum and class
programs.

3.16 Statistical Analysis of Results
This chapter has presented the process undertaken to prepare for and implement data
collection on 333 preschool children. The following chapter presents statistical analysis
on demographic and assessment data to describe children and parents in the sample.
Analysis identifies associations between demographic data and assessment results
and between sub-test scores. Statistical tests used in this analysis were:
•

t-test: to compare mean values

•

chi-square test: for relationships between categorical variables

•

binomial test: to evaluate differences between expected and observed
distributions

•

Kruskal-Wallis: analysis of variance of non-parametric data between two or
more groups

•

trend analysis

•

Kappa coefficient: to measure agreement between variables

•

Prevalence Adjusted Bias Adjusted Kappa (PABAK) coefficients: an adjusted
Kappa for high degrees of unevenness between variables (Chase & Bown
2000; Cunningham 2009; Landis & Koch 1977; Tabachnick & Fidell 2007).
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Chapter 4: Description and Analysis of Data
This chapter is divided into six main sections to analyse data addressing the research
questions of the thesis. Initially, the characteristics of the children are described to
establish the features of the cohort. Demographic data of parents, guardians and
carers are then presented to describe features that may influence their child’s test
scores. The following two sections investigated relationships between test scores and
child and parent demographic characteristics. The last sections explore associations
between mean scores of sub-tests: above and below sub-test average scores, and
above and below 10th percentile scores.

Over a 12-week period the research team assessed 333 children. As mentioned in
section 3.13.1, the four oldest children were excluded from the data analysis. These
children were five years of age and older and had already been excluded from PREST
testing analysis as they were outside the PREST age range. When individual results of
these four were examined more closely, it was found that they were not representative
of their age in both the VMI and GAPS tests. Additionally, as three of the children had
attended preschool in the latter part of the previous year and had low-test scores, it
was likely that they may have a developmental delay and would not be typical of a fiveyear-old population. The one child who had not previously attended preschool had low
GAPS scores and considered to be ‘at risk’ of language delays. As the sample size
was small and the results were skewed, it was decided to exclude all children greater
than or equal to five years of age from analysis in this chapter.

The results and analysis of a maximum of 329 children (Table 3.2) are presented.
Three hundred and nineteen children (97 per cent) attended NT DET preschools and
the remaining 10 (three per cent) attended Catholic Education Early Learning Centres.
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4.1 Characteristics of Children
Characteristics of participating children are shown in Table 4.1. The mean age of the
sample was 50.5 months (approximately four years three months) with an age range
from 43 to 59 months. Stratification of children into three, six months age bands shows
that the majority of children (54 per cent) were in the four years to four years five
months stratum (see Table 4.1).

There were slightly more females in the study than males with a gender distribution not
significantly different from what would be expected in this age group and regional area
(p=0.917) based on 2006 census data (Australian Bureau of Statistics 2006a).

Ninety per cent of children assessed were reported to be non-Indigenous. The
Indigenous sample of eight per cent was significantly smaller than the expected 16 per
cent (p<0.001) considering the geographic location of the study (Australian Bureau of
Statistics 2006b).

Three hundred and sixteen children (96 per cent) were born in Australia with the
majority of families (95 per cent) speaking English at home.

Most children (74 per cent) were reported as attending preschool for the first time when
they were assessed in 2008. Fifteen per cent were reported as having attended
preschool for part of the previous year, but for less than six months.

Seven children were identified as having a disability by their parents: three with a
hearing loss, three with ‘language and speaking’ difficulties and one with a ‘heart
defect’. The three children with low hearing did not have noticeably lower skills in
testing, nor did the child with a heart defect. However the three children with identified
language difficulties did have a number of low scores across sub-tests.
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Table 4.1: Socio-demographic characteristics of participating children
Socio-demographic characteristic
(n=329)

n

%

Age
3 years 6 months to 3 years 11 months
4 years to 4 years 5 months
4 years 6 months to 4 years 11 months

79
176
74

24
54
22

Sex
Female
Male

171
158

52
48

Indigenous status
Non-Indigenous
Indigenous
Not Stated

295
27
7

90
8
2

Country of birth
Australia
Overseas
Not stated

316
10
3

96
3
1

Main language spoken at home
English
A language other than English
Not stated

312
14
3

95
4
1

Preschool experience
First year of preschool
Attended preschool previously
Not stated

243
50
36

74
15
11

Disability as identified by parent
No disability
Disability

322
7

98
2

4.2 Demographic Characteristics of Parents, Guardians and Carers
Characteristics of parents are presented in Table 4.2. Mothers completed 89 per cent
of school enrolment forms and 10 per cent were completed by fathers. Two guardians
and one carer completed an enrolment form. Three hundred and six children (93 per
cent) had two parents listed on the enrolment form. The remaining 23 enrolments did
not identify a second adult associated with the child.
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Most adults identified on enrolment forms were parents who spoke English as their first
language. A similar percentage of mothers (79 per cent) and fathers (84 per cent)
spoke English as their first language (see Table 4.2).

The demographic data available did not distinguish between adults completing or
partially completing years of high school: the term ‘attended’ is therefore used when
referring to high school. Seventy-one per cent of mothers were reported to have
attended Years 11 or 12 compared to 66 per cent of fathers. The percentage of
mothers reported to have stayed at school to attend Year 12 was slightly higher (57 per
cent) than fathers (50 per cent) with similar numbers of mothers (24 per cent) and
fathers (28 per cent) not continuing school past Years 9 or 10. Five per cent of mothers
and six per cent of fathers did not have their school level recorded.

A higher percentage of mothers (30 per cent) did not state their post-school
qualifications compared to fathers (eight per cent) (see Table 4.2). To remove distortion
of this discrepancy, parents who did not state their qualification were excluded in Table
4.3. There is a slight difference between ratios of mothers and fathers in each
qualification strata in Tables 4.2 and 4.3. Of those reporting their highest qualification,
91 per cent of mothers and 85 per cent of fathers had some post-school qualification
(see Table 4.3). A similar percentage of mothers (38 per cent) and fathers (31 per cent)
had Bachelor degree qualifications. More fathers (43 per cent) had an Advanced
Diploma or Diploma than mothers (16 per cent) with a greater percentage of mothers
(37 per cent) having Certificate I to IV qualifications than fathers (11 per cent). Fifteen
per cent of fathers and nine per cent of mothers recorded they had no qualifications.

Demographic data also shows that six per cent of mothers identified themselves as
being Indigenous and one in five mothers were born overseas. Information on father’s
Indigenous status and country of birth was not requested on the school enrolment form
and thus was not available.
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Table 4.2: Demographic characteristics of parents
Demographic characteristic

Mother*
(n=326)

Father*
(n=306)

n

%

n

%

First language
English
Other than English
Not stated

259
42
25

79
13
8

257
43
6

84
14
2

Educational attainment
Year 12 or equivalent
Year 11 or equivalent
Year 10 or equivalent
Year 9 or below
Not stated

186
48
65
12
15

57
14
20
4
5

154
47
71
15
19

50
16
23
5
6

87
38
86
20
98

26
12
26
6
30

73
131
32
46
24

24
42
11
15
8

Indigenous status of mother
Non-Indigenous
Indigenous
Not stated

304
20
5

92
6
2

na

na

Mother’s country of birth
Australia
Other than Australia
Not stated

251
64
14

76
20
4

na

na

Post-school qualifications
Bachelor degree
Advanced Diploma or Diploma
Certificate I to IV qualification
No formal post-school qualification
Not stated

* excludes guardians and carers

Table 4.3: Post-school qualifications of parents, excluding ‘Not stated’
Post-school Qualifications

Bachelor degree
Advanced Diploma or Diploma
Certificate I to IV
None

Mother
(n=231)

Father
(n=305)

n

%

n

%

87
38
86
20

38
16
37
9

96
131
32
46

31
43
11
15
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4.3 Child Assessment Results
A range of prerequisite reading and writing skills were assessed using three
standardised tests. Each of the assessment batteries consists of sub-tests that can be
used in isolation. A description of individual sub-test results is presented below, as is
the relationships between sub-test scores and demographic characteristics.

Both raw and adjusted sub-test scores are presented to demonstrate different aspects
of the assessment data. Raw scores were used to show skill development, as children
grow older. Adjusted scores were used to compare skills of children within their own
age range. Each assessment used different parameters to convert raw scores to ageadjusted scores: standard scores, percentile scores or ‘At Risk Index’ scores. Age was
also accounted for differently in each assessment with a variety of age bands used to
convert raw scores to adjusted scores. Table 4.4 presents the age range and
stratification used by each test. Table 4.5 presents the adjusted score ranking of each
assessment tool.

Table 4.4: Assessment age range and age intervals
Age range

Age interval

VMI

GAPS

PREST

2yrs 0mths to 18yrs
11mths

3yrs 4mths to 6yrs
8mths

3yrs 6mths to 4yrs
5mths (extended
range 4yrs 9mths)

2 month intervals

3:4–3:11
4:0–4.5
4:6–5:5
5:6–5:11
6:0–6:8

3 month intervals

In the following section, frequency histograms with distribution curve overlay for both
raw and adjusted scores are shown for each sub-test along with mean scores,
standard deviations, minimum and maximum scores, and p-values where appropriate.
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Table 4.5: Adjusted score criteria of each assessment
VMI
Age-adjusted
Measure

Standard
score

Adjusted score
criteria

> 129
120–129
110–119
90–109
80–89
70–79
< 70

GAPS*

Percentile
ranking
>97%
91–97%
75–90%
25–74%
9–24%
2–8%
< 2%

Percentile
ranking
16
11
0

– 100%
– 15%
– 10%

PREST†
‘At
Risk
Index’
5
4
3
2
1

Percentile
ranking
≥ 90%
75–89%
25–74%
10–24%
≤ 9%

* GAPS only presents raw scores and age-adjusted percentile scores.
† The PREST percentile scores as per the manual are not discrete ranges e.g., an
‘At Risk Index’ score of 4 has a percentile ranking of between 75 and 90% and an
‘At Risk Index’ score of 5 has a percentile range of ≥ 90%, thus indicating that
90% could be in either range. For consistency in analysis, the PREST ‘At Risk
Index’ and percentile scores have been clarified as listed in Table 4.5.

4.3.1 Beery-Buktenica Developmental Test of VMI
The VMI is a pencil and paper test providing a measure of the child’s visual perceptual,
and visual-motor abilities that are prerequisite skills related to letter recognition and
learning to write letter shapes. Figure 4.1 shows the distribution of VMI raw and
standard score data (n=329). Raw scores had a slight positive skew with standard
scores being more symmetrical around the mean of 101.6. This standard score mean
was statistically significantly higher (p=0.023) than the expected mean of 100.

Raw score

Standard score

M

Sd

Min

Max

M

Sd

Min

Max

11

2.0

6

17

101.6

12.5

73

137

Figure 4.1: VMI Raw and Standard scores
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4.3.1.1 VMI: Diagonal Cross and Triangle
Functional information is derived from the VMI from two key items in the assessment.
As presented in the literature review, the diagonal cross and triangle are milestones in
perceptual and motor development with regard to readiness to learn to write letter
shapes. Data on these two shapes were extracted from the VMI assessment results.
Most children could not copy a diagonal cross (82 per cent) or a triangle (90 per cent)
(see Table 4.6).

Table 4.6: Ability to copy a diagonal cross or triangle
Visual-motor skill
(n=329)

No

Yes

n

%

n

%

Child can copy a diagonal cross

268

82

61

18

Child can copy a triangle

297

90

32

10

4.3.1.2 Diagonal Cross and Triangle and the influence of Age
Data on the child’s ability to copy a diagonal cross and triangle was binary; children
either could or could not copy the shape. Table 4.7 shows the increase in the
percentage of children able to copy a diagonal cross or triangle as age increases
across three six-month age bands.

Five per cent of children in the youngest age stratum could copy a diagonal cross;
none could copy a triangle. In the oldest age stratum, 40 per cent of children could
copy a diagonal cross and 20 per cent could copy a triangle. Figure 4.2 shows the
increasing proportion of children who could copy one or both shapes as age increased.
A significantly greater percentage of children could copy a cross than a triangle in each
age stratum (p<0.001). These data demonstrate the sequential nature of acquiring
these skills and the expected order of mastery of these two shapes.
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Importantly, 60 per cent of children in the older group could not copy a diagonal cross
and 80 per cent could not copy a triangle, despite the higher than expected VMI
standard score mean. Notably, these data indicate that the majority of children did not
have mastery of motor and perceptual skills required for learning to write letter shapes.

Table 4.7: The influence of age on being able to copy a diagonal cross and
triangle
Age strata

Number of
children
(n=329)

Can copy a
diagonal cross

Can copy a
triangle

n

%

n

%

3yrs 6mths to 3yrs
11mths

79

4

5

0

0

4yrs to 4yrs 5mths

176

27

15

17

10

4yrs 6mths to 4yrs
11mths

74

30

40

15

20

Figure 4.2: Diagonal Cross, Triangle and Age Intervals
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4.3.2 The GAPS Test
As reviewed in Chapters 2 and 3, GAPS is a screening tool developed to identify
children with potential language disorders, consisting of two sub-tests: Sentence
Repetition and Non-Word Repetition (van der Lely et al. 2007). Raw scores are
converted to percentile scores using age-dependent conversion tables. Two children
refused to complete this test, resulting in a sample size for both Sentence Repetition
and Non-Word Repetition of 327.

4.3.2.1 Sentence Repetition
Figure 4.3 presents a summary of GAPS Sentence Repetition sub-test data and
graphic representations of raw and percentile scores distributions. Raw scores had a
negative skew but were moderated to some degree when adjusted for age in percentile
scores. The percentile score mean of 62 was significantly higher than the expected
percentile mean of 50 (p<0.001) with a wide standard deviation.

Raw score

Percentile score

M

Sd

Min

Max

M

Sd

Min

Max

8

3

0

11

62

32

1

100

Figure 4.3: GAPS Sentence Repetition, Raw and Percentile scores

4.3.2.2 Non-Word Repetition
A summary of raw and percentile score data for Non-Word Repetition is shown in
Figure 4.4. Raw scores were skewed to the left. When adjusted for age, the percentile
score mean of 56 was also significantly higher than the expected mean of 50
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(p=0.001). The standard deviation of 31 was large with high frequencies in both lower
and upper scores.

Raw score

Percentile score

M

Sd

Min

Max

M

Sd

Min

Max

5

2

0

8

56

31

4

100

Figure 4.4: GAPS Non-word Repetition, Raw and Percentile scores

4.3.3 The PREST
The PREST was developed from a body of work researching dyslexia (Fawcett,
Nicolson & Lee 2001). This test measures children’s skills in a number of areas
associated with literacy acquisition. The PREST ‘At Risk Index’ scores are ageadjusted scores, which are predominantly used in this analysis. ‘At Risk Index’ scores
are derived from raw scores using a range of age-dependent conversion tables.

Three hundred and twenty-seven children completed this test due to the limited age
range of the test. Additionally, one child was unable to complete the Rapid Naming
sub-test and another unable to complete the Sound Order sub-test. Therefore, the
number of observations for these two sub-tests was 326.

4.3.3.1 Rapid Naming
Rapid Naming raw scores reflect the influence of speed on results, as scores are
adjusted for the time taken to complete the test. There was a physical limit to how fast
a child could perform the test: a score of 0 (0 seconds) was therefore not possible. As
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there was no upper time limit on how long children could take to complete the test, raw
scores have a positive skew presentation (see Figure 4.5). The age-adjusted ‘At Risk
Index’ score was more symmetrical; however, the mean of 3.2 was significantly higher
than the expected mean of 3 (p<0.001).

Raw score*
M

Sd

Min

‘At Risk Index’ score
Max

M

Sd

Min

Max

41
21.0
17
180
3.2
* a low score indicates a better performance

0.9

1

5

Figure 4.5: PREST Rapid Naming, Raw and ‘At Risk Index’ scores

4.3.3.2 Bead Threading and Paper Cutting
Raw scores of this sub-test are the combined scores of two tasks: threading beads and
cutting a sheet of paper along a curved line. Raw scores were symmetrical in
presentation with a mean of 9.4 (see Figure 4.6). The age-adjusted ‘At Risk Index’
score mean of 4 was significantly higher than the expected mean of 3 (p<0.001) and
had a bimodal distribution profile.
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Raw score

‘At Risk Index’ score

M

Sd

Min

Max

M

Sd

Min

Max

9.4

2.8

3

15

4

0.9

1

5

Figure 4.6: PREST Bead Threading and Paper Cutting, Raw and ‘At
Risk Index’ scores

At the time of testing, it appeared to the assessors that children were more capable of
threading beads than cutting with scissors. Data from these two elements were
extracted from the sub-test and analysed separately. These two fine motor tasks rely
on different skills and therefore measure different aspects of fine motor development.
Although both depend on previous experience, cutting with scissors requires children
to be able to operate a tool, whereas threading beads does not.

Mean scores for both tasks are presented in Table 4.8 as a percentage of the
maximum score for each task. In bead threading, an average number of eight beads
were threaded, representing 67 per cent of the test maximum. The Paper Cutting mean
score was 1.5, 50 per cent of the test maximum. A Kruskal-Wallis analysis to test the
equality of mean scores showed that children performed significantly better (p<0.001)
in threading than cutting, as was suspected by assessors during the assessment
period.
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Table 4.8: Comparison of sub-test fine motor skills
Sub-test component

M

Sd

Max.
possible
score

Raw
score
range

Mean as a
percentage of
max. score

Number of beads

7.9

2

12

3–12

67

Paper cutting score

1.5

1

3

0–3

50

4.3.3.3 Digits and Letters
The Digits and Letters sub-test also had two components: one task requiring children
to name letters from a stimulus; the other using numbers. Raw scores (see Figure 4.7)
had positive skew in distribution with a greater frequency of lower scores. The
distribution of ‘At Risk Index’ scores was more symmetrical with the mean of 2.6 being
significantly lower than the expected mean of 3 (p<0.001).

Raw score

‘At Risk Index’ score

M

Sd

Min

Max

M

Sd

Min

Max

4.0

3.2

0

11

2.6

0.9

1

5

Figure 4.7: PREST Digits and Letters, Raw and ‘At Risk Index’ scores

It was observed during testing that children appeared to be more familiar with digits
than letters. When mean scores were converted to a percentage of total test items,
there was a 25 per cent difference between scores (see Table 4.9). A Kruskal-Wallis
test of the mean of each component produced a p-value of <0.001, indicating a
significant difference between mean scores. In this assessment, children could identify
significantly more digits than letters.
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Table 4.9: Comparison of digit and letter knowledge
Sub-test component

M

Sd

Max.
possible
score

Score range

Mean as a
percentage
of max.
score

Digits

2.5

1.9

5

0–5

50

Letters

1.5

1.6

6

0–6

25

4.3.3.4 Repetition
In the Repetition sub-test, children were asked to repeat a spoken sentence as a
measure of auditory working memory. Raw scores had a high frequency of scores
around the mean score of 3 (see Figure 4.8). No child achieved the maximum ‘At Risk
Index’ score of 5 with the resulting mean of 2.5 being significantly less than the
expected mean of 3 (p<0.001).

Raw score

‘At Risk Index’ score

M

Sd

Min

Max

M

Sd

Min

Max

3.0

1.4

0

6

2.5

0.8

1

4

Figure 4.8: PREST Repetition, Raw and ‘At Risk Index’ scores

4.3.3.5 Corsi Frog
Corsi Frog, a test of visual spatial memory, assesses the ability to recall sequences of
visual information. Raw scores had some symmetry in distribution but few children
scored above 3 (see Figure 4.9). The ‘At Risk Index’ score had a similar symmetry to
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raw scores but the mean of 2.9 was significantly lower than the expected test mean of
3 with a p-value of 0.026 from a one-sample t-test.

Raw score

‘At Risk Index’ score
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Sd

Min

Max
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Min

Max

1.9

0.9
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2.9

0.9

1

5

Figure 4.9: PREST Corsi Frog, Raw and ‘At Risk Index’ scores

4.3.3.6 Balance
Balance is a measure of gross motor skills. Raw scores had a negatively skewed
distribution (see Figure 4.10). The ‘At Risk Index’ score distribution was more
symmetrical, but the ‘At Risk Index’ score mean of 2.6 was significantly less than the
expected mean of 3 (p<0.001).

Raw score

‘At Risk Index’ score

M

Sd

Min

Max
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Sd

Min
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7.0

2.0

0
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0.7

1

4

Figure 4.10: PREST Balance, Raw and ‘At Risk Index’ scores
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4.3.3.7 Phonological Discrimination
Being able to discriminate between sounds is important when developing phonological
skills. The Phonological Discrimination sub-test measures this ability. With hearing
ability taken into account, this skill develops with experience and training. Proficiency in
this skill enables the child to decipher complex language sounds.

The distribution of raw scores of this sub-test was more towards mid and upper scores
with scores of fewer than 3 less frequent (see Figure 4.11). The ‘At Risk Index’ score
distribution was positively skewed. The Index score mean of 2.5 was significantly lower
than the expected mean of 3 with a p-value of < 0.001.

Raw score

‘At Risk Index’ score

M

Sd

Min

Max

M

Sd

Min

Max

5.7

1.9

0

9

2.5

1.3

1

5

Figure 4.11: PREST Phonological Discrimination, Raw and ‘At Risk
Index’ scores

4.3.3.8 Digit Span
The Digit Span sub-test records the child’s ability to recall digit sequences. The number
of digits increases in sets of two i.e., two two-number sequences, (for example, 5 1 and
3 9), two three-number sequences (for example, 1 3 6 and 4 9 5), two four-number
sequences (for example, 7 6 4 2 and 5 8 4 7). Raw and ‘At Risk Index’ scores were
obtained from the number of digit sequences recalled. This sub-test is a measure of
working memory.
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The distribution of raw scores was symmetrical, whereas the ‘At Risk Index’ has a
heavier weighting towards higher scores (see Figure 4.12). The ‘At Risk Index’ mean
score of 3.4 was significantly higher than the expected mean of 3 (p<0.001).

Raw score

‘At Risk Index’ score

M

Sd

Min

Max

M

Sd

Min

Max

6.8

1.8

0

12

3.4

0.9

1

5

Figure 4.12: PREST Digit Span, Raw and ‘At Risk Index’ scores

4.3.3.9 Digit Span (Pairs)
Additional data was extracted from the Digit Span sub-test. Two pairs of digit
sequences were presented to each child in the test. The maximum number of paired
sequences correctly answered was recorded as the value for Digit Span (Pairs). For
example, if the child was able to repeat both three-digit number sequences and only
one of the four-digit sequences, a score of 3 was recorded (see Table 4.10).

As a score of 0 was possible and the maximum recall achieved was six-digit pairs, the
expected mid-point was 3.0. The distribution of Digit Span (Pairs) scores (see Figure
4.13) was symmetrical around the achieved mean score of 3 (p=0.471).
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Table 4.10: Digit Span (Pairs) calculation
Sequence

Correct (C)
Incorrect (X)

7

C

9

C

5–1

C

3–9

C

1–3–6

C

4–9–5

C

7–6–4–2

X

Digit Span
score*

Digit Span
(Pairs) score†

3

5–8–4–7
C
* one point for each correct sequence
† one point for each correct pair of sequences

7

Raw score
M

Sd

Min

Max

3

0.9

0

6

Figure 4.13: PREST: Digit Span (Pairs) scores

4.3.3.10 Rhyming
Rhyming is another set of language skills important for literacy development. The
positive skew in distribution of the raw scores is moderated in the age-adjusted ‘At Risk
Index’ score (see Figure 4.14). The ‘At Risk Index’ score mean of 2.7 was significantly
lower than the expected mean of 3 (p<0.001).
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Raw score

‘At Risk Index’ score

M

Sd

Min

Max
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Min
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9
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1

5

Figure 4.14: PREST: Rhyming, Raw and ‘At Risk Index’ scores

4.3.3.11 Sound Order
The Sound Order assessment tests the child’s ability to hear the sequence of two
sounds as they are spaced increasingly closer together. This auditory perception skill is
a factor in decoding language sounds. Sound Order raw score distribution was
weighted towards higher scores, but ‘At Risk Index’ scores had a more symmetrical
presentation with the highest frequency of children achieving a score of 3. The ‘At Risk
Index’ score mean of 3.1 was not significantly different to the expected sub-test mean
of 3 (p=0.065).
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Figure 4.15: PREST: Sound Order, Raw and ‘At Risk Index’ scores
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4.3.3.12 Teddy and Form Matching
Teddy and Form Matching is a test of visual perception and shape recognition: skills
considered relevant for reading and writing. The negative skew of raw score
distribution is moderated with the influence of age adjustment in the ‘At Risk Index’
scores (see Figure 4.16). The ‘At Risk Index’ score of 3.2 was significantly higher than
the expected sub-test mean of 3 (p=0.003).

Raw score

‘At Risk Index’ score
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Sd

Min

Max

M

Sd

Min
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7.1

2.2
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11
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1

5

Figure 4.16: PREST Teddy and Form Matching, Raw and ‘At Risk
Index’ scores

4.4 Relationships between Child Demographic Factors and Sub-Test
Scores
The following section investigates associations of sub-test scores with demographic
data of children. To allow comparison of performance between similar aged children,
demographic data were compared to age-adjusted sub-test scores, with the exception
of analysis of child age, in which raw scores were used.

4.4.1 Child’s Age
Scores in each test reflect different aspects of child development. Some sub-tests
measured the number of items correctly performed, some measured how quickly the
sub-test was completed and some measured the quality of how an item was
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performed. Raw scores are used in this section to highlight the increase in skill (speed,
accuracy or quality of performance), as children grow older. Children were categorised
into three six-month age bands and sub-test score means were compared for trend
across the three age bands (see Table 4.11). There was a trend of significantly higher
scores associated with older age in all sub-tests.

4.4.2 Child’s Gender
Gender was considered a possible factor that could influence test results. Data
indicated that girls performed better than boys did in all sub-tests with significantly
higher adjusted scores in 11 of 17 sub-tests (65 per cent). Gender was not significantly
associated with scores in six sub-tests: copying a diagonal cross or triangle, Digits and
Letters, Corsi Frog, Rhyming or Sound Order (see Table 4.12).

4.4.3 Hand Dominance
Hand preference was recorded during the VMI (pencil and paper test) and Bead
Threading and Paper Cutting (use of scissors) tests. The majority of children (84 per
cent) were right handed (see Table 4.13). Children changing hands in a sub-test or
using a different hand in either test were recorded as having a mixed or nonestablished hand preference. Mixed handedness was slightly more prevalent (nine per
cent) than left-handedness (seven per cent).
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Table 4.11: Six-month age intervals and trend of sub-test raw score means
Sub-test

Age interval
Trend
p-value

≥3yrs 6mths
to <4yrs
0mths
M (Sd)

≥4yrs 0mths
to <4yrs
6mths
M (Sd)

≥4yrs 6mths
to <5yrs
0mths
M (Sd)

n=79

n=176

n=74

9.7 (1.7)

11.2 (1.8)

12.2 (2.1)

<0.001

Can copy a
diagonal
cross*

5

15

40

<0.001†

Can copy a
triangle*

0

10

20

<0.001†

GAPS (n=327)

n=79

n=174

n=74

VMI (n=329)
VMI Raw Score

	
  

Sentence
Repetition

6.8 (3.7)

8.1 (2.8)

9.4 (2.1)

<0.001

Non-Word
Repetition

4.5 (2.5)

5.2 (2.2)

5.6 (1.9)

0.018

n=176

n=72

48.3 (29.9)

39.6 (18.4)

34.7 (10.3)

<0.001

Bead Thread &
Paper Cutting

7.6 (2.1)

9.6 (2.7)

10.9 (2.8)

<0.001

Digits & Letters

2.4 (2.6)

4.4 (3.3)

4.8 (3.0)

<0.001

Repetition

2.4 (1.6)

3.1 (1.3)

3.4 (1.4)

<0.001

Corsi Frog

1.6 (1.0)

1.9 (0.8)

2.2 (0.8)

<0.001

Balance

6.2 (2.0)

7.0 (2.0)

7.5 (1.7)

<0.001

Phonological
Discrimination

5.1 (1.9)

5.8 (1.9)

6.1 (1.8)

0.001

Digit Span
(Pairs)

2.8 (0.8)

3.1 (1.0)

3.1 (0.9)

0.035

Digit Span

6.3 (1.7)

6.8 (1.8)

7.1 (1.6)

0.007

Rhyming

1.8 (1.7)

2.4 (2.0)

3.2 (2.2)

<0.001

Sound Order§

5.0 (2.1)

6.0 (2.1)

6.7 (1.7)

<0.001

Teddy & Form
Matching

5.9 (2.4)

7.2 (2.1)

8.1 (1.6)

<0.001

PREST (n=327)
Rapid
Naming‡§

n=79

* percentage of children in each category that can copy shape
† from a chi-square test
‡ a higher score indicates a lower ability
§ one child could not complete this sub-test
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Table 4.12: Gender and means of adjusted sub-test scores
Sub-test

VMI (n=329)
VMI

Gender
Female
M (Sd)

Male
M (Sd)

n=171

n=158

103 (13.1)

p-value*
	
  

100 (11.7)

0.024

Can copy a diagonal cross†

23

14

0.075‡

Can copy a triangle†

12

7

0.378‡

n=171

n=156

Sentence Repetition

68 (30.4)

54 (32.6)

< 0.001

Non-Word Repetition

62 (30.9)

49 (30.4)

< 0.001

n=169

n=158

Rapid Naming§

3.3 (0.9)

3.0 (1.0)

0.013

Bead Threading & Paper Cutting

4.2 (0.9)

3.8 (0.9)

< 0.001

Digits and Letters

2.6 (0.1)

2.5 (0.1)

0.234

Repetition

2.6 (0.7)

2.3 (0.8)

0.004

Corsi Frog

3.0 (0.9)

2.8 (0.9)

0.092

Balance

2.8 (0.6)

2.5 (0.7)

<0.001

Phonological Discrimination

2.7 (1.2)

2.3 (1.3)

0.006

Digit Span (Pairs)

3.2 (0.9)

2.9 (0.9)

0.006

Digit Span

3.5 (0.9)

3.2 (0.9)

0.009

Rhyming

2.8 (1.1)

2.7 (1.0)

0.309

Sound Order§

3.2 (1.1)

3.0 (1.0)

0.298

Teddy and Form Matching

3.3 (0.9)

3.0 (1.1)

0.010

GAPS (n=327)

PREST (n=327)

* from a 2-sided t-test
† percentage of children in each category that can copy shape
‡ from a chi-square test
§ one child could not complete this sub-test

Establishing a dominant hand is an important milestone in a child’s development.
Failure to do so is seen as an indicator of potential learning difficulty in older children.
As it is a display of neurological maturity and organisation, development of hand
dominance in relation to sub-test scores warranted further investigation. Using a
Kruskal-Wallis test, each sub-test was analysed for variance between scores of
children being right handed, left handed or not having established hand dominance.
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None of these factors had a significant influence on any sub-test mean score (see
Table 4.14).

Table 4.13: Hand dominance
Gender
(n=329)

Right handed
n (%)

Left handed
n (%)

Mixed dominance
n (%)

Female

149 (54)

9 (5)

13 (8)

Male

126 (46)

15 (10)

17 (11)

Combined

275 (84)

24 (7)

30 (9)

4.4.4 Mixed Hand Dominance and Age
As was observed in Table 4.14, not having established hand dominance was not a
significant factor in performance in any sub-test. Within this age range, the
phenomenon of having mixed hand dominance is part of the developmental and
maturing process. The percentage of children having mixed hand dominance was
compared across the three six-month age bands (see Table 4.15). This percentage
dropped substantially beyond the age of four and a half years with a significant trend
towards fewer children having mixed hand dominance as age increased (p<0.001).

4.4.5 Mixed Hand Dominance and Gender
More boys (57 per cent) than girls had mixed or non-established hand dominance (see
Table 4.16). A Kruskal-Wallis test of distribution equality shows that boys were not
significantly more likely to have mixed dominance than girls (p=0.321).

4.4.6 Indigenous Status of the Child
Sub-test scores were compared with children’s nominated Indigenous status. In this
analysis, Indigenous children recorded lower adjusted mean scores in most sub-tests.
However, adjusted mean scores in the VMI, copying a diagonal cross and triangle,
Balance and Digit Span (Pairs) were higher for Indigenous children. Only GAPS
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Sentence Repetition and PREST Digits and Letters mean scores were significantly
lower for Indigenous children (see Table 4.17).

Table 4.14: Hand dominance and sub-test adjusted score means
Sub-test

	
  
	
  

Handedness
Right
M (Sd)

Left
M (Sd)

Mixed
M (Sd)

n=275

n=24

n=30

102.1 (12.4)

99.8 (12.4)

98.5 (13.0)

0.337

Can copy a diagonal
cross†

21

4

10

0.061‡

Can copy a triangle†

10

8

3

0.437‡

n=273

n=24

n=30

Sentence Repetition

62.9 (32.1)

54.5 (34.4)

56.3 (30.8)

0.274

Non-Word Repetition

55.8 (31.5)

48.5 (31.8)

62.8 (29.5)

0.276

n=273

n=24

n=30

Rapid Naming§

3.2 (0.9)

3.2 (0.9)

3.3 (1.1)

0.864

Bead Threading &
Paper Cutting

4.0 (0.9)

3.8 (0.9)

3.7 (1.2)

0.270

Digits and Letters

2.5 (0.9)

2.8 (1.0)

2.7 (0.7)

0.226

Repetition

2.5 (0.8)

2.5 (0.8)

2.4 (0.7)

0.588

Corsi Frog

2.9 (0.8)

2.9 (0.6)

2.8 (0.8)

0.848

Balance

2.6 (0.7)

2.7 (0.9)

2.5 (0.7)

0.668

Phonological
Discrimination

2.5 (1.3)

2.4 (1.2)

2.4 (1.2)

0.936

Digit Span (Pairs)

3.0 (0.9)

3.0 (0.9)

3.1 (0.8)

0.844

Digit Span

3.4 (0.9)

3.3 (1.0)

3.4 (0.8)

0.800

Rhyming

2.7 (1.1)

2.6 (1.0)

2.9 (1.1)

0.857

Sound Order§

3.2 (1.0)

2.8 (0.9)

2.8 (1.1)

0.053

Teddy & Form Matching

3.2 (0.8)

3.0 (0.9)

3.2 (0.8)

0.348

	
  

VMI (n=329)
VMI

GAPS (n=327)

PREST (n=327)

* from a Kruskal-Wallis test with ties
† percentage of children in each category that can copy shape
‡ from a chi-square test
§ one child could not complete this sub-test
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p-value*

Table 4.15: Age and percentage of children with mixed hand dominance
Age group (n=329)

n

Number of children
with mixed hand
dominance

Percentage of children
with mixed dominance

> 3.5yrs and < 4yrs

79

8

10

≥ 4yrs and < 4.5yrs

176

19

11

≥ 4.5yr and < 5yrs

74

3

4

Table 4.16: Gender and percentage of children with mixed hand dominance
Gender
(n=30)

n

Percentage of number of children with mixed
dominance

Female

13

43

Male

17

57

4.4.7 Child’s First Language
As language is an important factor in academic readiness, having English as the first
language may have an impact on aspects of pre-literacy skills. Children with English as
their first language scored significantly higher in only two sub-tests: PREST Rapid
Naming and Sound Order (see Table 4.18). No other sub-test was significantly
associated with the child’s first language.

4.5 Relationships between Parental Demographic Factors and Sub-Test
Scores
A number of demographic features of parents were considered factors that could
influence child development and thus sub-test scores. Limited demographic data was
available from the school enrolment forms; however, education and post-school
qualification were available for both parents and language background, Indigenous
status and birth countries were available for mothers. Adjusted scores were used in
these analyses.
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4.5.1 Parent High School Education
The level of parent high school education ranged from Year 9 through to Year 12.
There were a number of enrolment forms where parent level of education was not
recorded. These records have not been included in the following parent education level
analyses.

Table 4.17: Indigenous status and sub-test adjusted score means
Sub-test

VMI (n=322)
VMI

Indigenous status of child*
Indigenous
M (Sd)

Non-Indigenous
M (Sd)

n=27

n=295

103.1 (11.8)

101.5

(12.6)

p-value†

0.670

Can copy a diagonal cross‡

26

18

0.309§

Can copy a triangle‡

11

10

0.831§

n=27

n=293

Sentence Repetition

47.1 (37.2)

62.6 (31.5)

0.024

Non-Word Repetition

46.8 (34.5)

56.4 (31.2)

0.123

n=27

n=293

Rapid Naming||

2.9 (0.9)

3.2 (0.9)

0.104

Bead Threading & Paper Cutting

3.8 (0.9)

4.0 (0.9)

0.367

Digits and Letters

2.2 (1.0)

2.6 (0.8)

0.032

Repetition

2.3 (0.8)

2.5 (0.8)

0.240

Corsi Frog

2.8 (1.0)

2.9 (0.8)

0.619

Balance

2.7 (0.5)

2.6 (0.7)

0.981

Phonological Discrimination

2.3 (1.2)

2.5 (1.3)

0.432

Digit Span (Pairs)

3.1 (0.9)

3.0 (0.9)

0.946

Digit Span

3.2 (0.9)

3.4 (0.9)

0.454

Rhyming

2.7 (1.1)

2.7 (1.1)

0.926

Sound Order||

2.8 (1.2)

3.1 (1.0)

0.121

Teddy and Form Matching

2.9 (1.0)

3.2 (1.0)

0.380

GAPS (n=320)

PREST (n=320)

* children with their Indigenous status not stated have been excluded
† from a 2-sided t-test
‡ percentage of children in each category that can copy shape
§ from a chi-square test
|| one child could not complete this sub-test
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Table 4.18: Child’s first language and sub-test score mean
Sub-test

English is the child’s first language*
No
M (Sd)	
  

Yes
M (Sd)

n=17

n=308

101.4 (12.4)

104.5 (14.5)

0.166

Can copy a diagonal cross‡

29

18

0.422§

Can copy a triangle‡

24

9

0.052§

n=17

n=306

Sentence Repetition

46.0 (35.5)

62.3 (32.0)

0.054

Non-Word Repetition

53.9 (35.9)

55.9 (31.2)

0.830

n=17

n=306

Rapid Naming||

2.7 (0.8)

3.2 (0.9)

0.040

Bead Threading & Paper Cutting

4.3 (1.0)

4.0 (0.9)

0.154

Digits and Letters

2.2 (1.1)

2.6 (0.8)

0.163

Repetition

2.2 (0.7)

2.5 (0.8)

0.079

Corsi Frog

2.8 (1.1)

2.9 (0.9)

0.899

Balance

2.7 (0.7)

2.6 (0.7)

0.666

Phonological Discrimination

2.2 (1.2)

2.5 (1.3)

0.388

Digit Span (Pairs)

3.0 (1.0)

3.0 (0.9)

0.902

Digit Span

3.4 (1.2)

3.4 (0.9)

0.977

Rhyming

2.2 (0.8)

2.8 (1.1)

0.056

Sound Order||

2.6 (1.0)

3.1 (1.0)

0.026

Teddy and Form Matching

3.0 (1.2)

3.2 (1.0)

0.642

VMI (n=325)
VMI

GAPS (n=323)

PREST (n=323)

p-value†
	
  

* Four children did not have their first language stated and have been excluded.
† from a 2-sided t-test
‡ percentage of children in each category that can copy shape
§ from a chi-square test
|| one child could not complete this sub-test

4.5.1.1 Mothers’ Level of Education
Trends in adjusted mean scores of sub-tests based on mothers’ high school
attendance were investigated. The majority of sub-tests (76 per cent) had a trend
towards better sub-test performance as mothers attended more years of high school.
This trend was significant in all but four sub-tests, namely: GAPS Non-Word Repetition
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and PREST Rapid Naming, Corsi Frog and Teddy and Form Matching (see Table
4.19).

In further analysis of this data, the four categories of high school education (Years 9,
10, 11 and 12) were divided into two (attended Year 10 or lower versus completed
Years 11 and/or 12). Thirteen of the 17 sub-test score means were significantly higher
for children of mothers in the Year 11/12 category (table not shown). Therefore,
children whose mother attended Year 11 and/or Year 12 of high school had higher
levels of skill in most pre-literacy areas at the beginning of their school life.

4.5.1.2 Fathers’ Level of Education
The level of fathers’ high school education was not as strongly associated with sub-test
mean scores as mothers’ level of education. Only three sub-tests showed a significant
positive trend towards higher mean scores for children whose father attended more
years of high school, namely: the percentage of children able to copy a triangle, Digits
and Letters and Digit Span (see Table 4.20). Analysis of trend of sub-test score means
indicated there was a slight positive trend towards higher mean scores when fathers
had attended Years 11 and 12 compared to fathers who attended Year 10 or lower;
however, the trends were not statistically significant (table not shown).

4.5.2 Parent Post-School Qualifications
Post-school qualifications of parents were divided into four categories: No post-school
qualifications, Certificate I to IV, Diploma or advanced Diploma, and Bachelor degree
or above. Results of a Kruskal-Wallis test are reported in Tables 4.21 and 4.22 rather
than a test of trend, as the ranking of post-school qualifications is not considered linear.
The Kruskal-Wallis test provides a measure of the probability of means being equal
across groups.
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Table 4.19: Influence of mothers’ level of education on adjusted mean score
Sub-test

Mothers’ level of education*
Year 9 or
less
M (Sd)

Year 10
M (Sd)

Year 11
M (Sd)

Year 12
M (Sd)

n=12

n=65

n=48

n=186

98.5 (15.7)

98.3 (11.4)

Diagonal cross ‡

17

11

10

23

0.032§

Triangle ‡

0

3

10

12

0.022§

GAPS (n=309)

n=12

n=64

n=47

n=186

Sentence
Repetition

36.3 (26.8)

53.4 (35.6)

67.0 (29.1)

63.6 (31.2)

0.005

Non-Word
Repetition

40.1 (29.2)

50.8 (32.2)

63.0 (31.9)

57.2 (30.5)

0.073

n=12

n=65

n=48

n=184

Rapid Naming||

2.8 (1.2)

3.0 (1.0)

3.4 (1.0)

3.2 (0.9)

0.118

Bead Threading
& Paper Cut

4.0 (1.0)

3.7 (0.9)

4.1 (0.9)

4.1 (0.9)

0.010

Digits & Letters

1.9 (1.1)

2.3 (0.9)

2.7 (0.8)

2.7 (0.8)

<0.001

Repetition

1.8 (0.7)

2.4 (0.8)

2.6 (0.8)

2.5 (0.7)

0.031

Corsi Frog

2.9 (1.2)

2.8 (1.0)

2.8 (0.9)

2.9 (0.8)

0.442

Balance

2.6 (0.5)

2.3 (0.7)

2.8 (0.6)

2.7 (0.6)

0.001

Phonological
Discrimination

2.0 (1.0)

2.1 (1.1)

2.7 (1.2)

2.6 (1.3)

0.013

Digit Span
(Pairs)

2.7 (1.0)

3.0 (1.0)

3.0 (0.8)

3.1 (0.9)

0.045

Digit Span

3.0 (1.2)

3.2 (1.0)

3.6 (0.8)

3.4 (0.9)

0.017

Rhyming

2.2 (1.1)

2.6 (0.9)

2.6 (1.0)

2.9 (1.1)

0.024

Sound Order||

2.8 (0.8)

2.7 (0.9)

3.3 (1.1)

3.2 (1.0)

0.007

2.7 (1.2)
3.0 (1.1)
3.4 (0.9)
3.2 (0.9)
Teddy & Form
Matching
* children with mother’s education level not stated have been excluded
† from a test for trend across groups
‡ percentage of children in each category that can copy shape
§ from a chi-square test
|| one child could not complete this sub-test

0.102

VMI (n=311)
VMI

PREST (n=309)

101.5 (12.2)

102.4 (12.8)

Trend
pvalue†
	
  
0.013
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Table 4.20: Influence of fathers’ level of education on adjusted mean score
Fathers’ level of education*

Sub-test

VMI (n=287)
VMI

Year 9 or less
M (Sd)

Year 10
M (Sd)

Year 11
M (Sd)

Year 12
M (Sd)

n=15

n=71

n=47

n=154

97.6 (9.8)

101.7 (12.0)

102.5 (13.2)

Trend
p-value†

100.7 (12.9)

0.850

Diagonal
Cross ‡

7

17

19

19

0.380§

Triangle ‡

0

4

11

12

0.033§

GAPS (n=285)

n=15

n=70

n=47

n=153

Sentence
Repetition

54.3 (35.4)

60.6 (31.3)

56.8 (31.6)

64.0 (31.8)

0.220

Non-Word
Repetition

44.9 (22.7)

57.2 (32.8)

56.2 (29.9)

59.0 (31.5)

0.222

n=71

n=47

n=152

PREST
(n=285)

n=15

Rapid
Naming§

2.9 (1.4)

3.1 (0.9)

3.3 (0.9)

3.2 (0.9)

0.552

Bead
Threading

3.6 (0.9)

4.0 (0.9)

4.1 (1.0)

4.0 (1.0)

0.563

Digits &
Letters

2.1 (0.9)

2.5 (0.9)

2.6 (0.9)

2.7 (0.8)

0.006

Repetition

2.2 (0.8)

2.5 (0.7)

2.4 (0.8)

2.5 (0.7)

0.279

Corsi Frog

2.5 (1.1)

2.9 (0.9)

3.0 (0.8)

2.8 (0.9)

0.999

Balance

2.4 (0.8)

2.6 (0.7)

2.7 (0.6)

2.7 (0.7)

0.159

Phonological
Discrimination

1.9 (1.3)

2.5 (1.2)

2.8 (1.3)

2.5 (1.3)

0.275

Digit Span
(Pairs)

2.9 (1.0)

2.9 (0.8)

3.0 (1.1)

3.1 (0.9)

0.258

Digit Span

3.1 (1.0)

3.2 (0.8)

3.4 (1.0)

3.4 (0.9)

0.037

Rhyming

2.3 (1.0)

2.7 (0.9)

2.8 (1.0)

2.9 (1.2)

0.078

Sound Order§

2.8 (1.0)

2.9 (0.9)

3.2 (1.1)

3.1 (1.1)

0.082

Teddy & Form
Matching

2.7 (1.1)

3.0 (1.0)

3.5 (0.8)

3.1 (1.0)

0.260

& Paper Cut

* children with father’s education level not stated have been excluded
† from a test for trend across groups
‡ percentage of children in each category that can copy the shape
§ from a chi-square test
|| one child could not complete this sub-test
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4.5.2.1 Mothers’ Post-School Qualification
Mothers’ post-school qualifications had a significant association with only one sub-test
(see Table 4.21). The PREST Digits and Letters sub-test had significant differences in
mean scores across qualifications with the highest mean score seen in children whose
mother had attained Certificate I to IV qualifications.

Mothers having no post-school qualification did not reflect lower sub-test mean scores
in their children. Although not significant, many sub-tests in this smaller group of
mothers with no qualification (n=20) had higher mean scores than other post-school
qualification categories.

4.5.2.2 Fathers’ Post-School Qualification
Post-school qualifications of fathers had a significant influence on only two sub-tests
(see Table 4.22). Interestingly, both these sub-tests, GAPS Non-Word Repetition and
PREST Digits and Letters, had mean scores that were significantly higher for children
whose father had no qualifications.

4.5.3 Mothers’ First Language
The influence of language used at home is a factor influencing readiness for school, as
adequate vocabulary and knowledge of language grammar are skills required for
literacy acquisition (Gardner et al. 2006). The influence of mothers’ first language was
therefore investigated and presented in Table 4.23. Two categories were compared:
English was the first language and English was not the first language of the child’s
mother. The interpretation of this data is limited because other potentially relevant
factors such as the frequency of non-English language spoken at home and first
language of fathers could not be considered. Twenty-five mothers did not state their
first language and their children were excluded from the analysis.
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Table 4.21: Sub-test mean score by mothers’ post-school qualification
Sub-test

Mothers’ post-school qualification*
None†
M (Sd)

Cert†
M (Sd)

Dip†
M (Sd)

Bach†
M (Sd)

n=20

n=86

n=38

n=87

108.5 (12.0)

101.7 (12.4)

102.6 (11.6)

100.8 (13.5)

0.159

Diagonal
cross§

30

24

13

22

0.432||

Triangle§

25

15

5

8

0.071||

n=20

n=86

n=38

n=86

Sentence
Repetition

67.9 (31.7)

68.8 (29.3)

58.2 (32.1)

58.5 (33.8)

0.183

Non-Word
Repetition

53.4 (34.4)

60.3 (31.3)

55.6 (28.3)

53.8 (31.6)

0.530

n=20

n=84

n=38

n=87

Rapid Nam.

3.2 (0.5)

3.2 (0.9)

3.2 (0.8)

3.2 (1.0)

0.985

Bead & Paper
Cutting

4.1 (0.8)

4.1 (1.0)

4.0 (0.9)

4.0 (0.9)

0.808

Dig & Letters

2.4 (0.9)

2.9 (0.8)

2.4 (0.8)

2.4 (0.9)

<0.001

Repetition

2.6 (0.6)

2.6 (0.7)

2.4 (0.8)

2.4 (0.8)

0.440

Corsi Frog

3.0 (1.0)

2.9 (0.8)

3.0 (0.9)

2.9 (1.0)

0.749

Balance

2.8 (0.8)

2.7 (0.7)

2.6 (0.6)

2.6 (0.6)

0.458

Phono Disc.

2.6 (1.3)

2.6 (1.2)

2.6 (1.3)

2.4 (1.2)

0.648

Digit Span
(Pairs)

3.2 (0.8)

3.1 (0.9)

2.8 (1.0)

3.1 (0.9)

0.626

Digit Span

3.4 (1.0)

3.4 (0.9)

3.2 (1.0)

3.4 (1.0)

0.825

Rhyming

2.7 (1.2)

2.9 (1.1)

2.7 (1.0)

2.6 (1.0)

0.273

Sound

3.4 (1.0)

3.2 (1.1)

3.1 (1.0)

3.0 (1.0)

0.332

Teddy&Form
Matching

3.6 (1.0)

3.1 (1.0)

3.0 (0.9)

3.3 (0.9)

0.232

VMI (n=231)
VMI

GAPS
(n=230)

PREST
(n=229)

* children of mothers with qualifications not stated have been excluded
† heading titles:
None: No post-school qualifications
Cert – Certificate I to IV
Dip – Diploma or advanced Diploma
Bach – Bachelor degree or above
‡ from a Kruskal-Wallis test with ties
§ percentage of children in each category that can copy the shape
|| from a chi-square test
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pvalue‡
	
  

Table 4.22: Sub-test mean score by fathers’ post-school qualification
Sub-test

Fathers’ post-school qualification*
None†
M (Sd)

Cert†
M (Sd)

Dip†
M (Sd)

Bach†
M (Sd)

n=46

n=32

n=131

n=96

100.2 (11.4)

103.1 (11.4)

101.4 (12.6)

101.2 (13.2)

0.648

Diagonal
cross§

20

22

17

19

0.912||

Triangle§

9

12

8

11

0.724||

n=46

n=32

n=129

n=96

Sentence
Repetition

71.6 (28.6)

67.1 (32.5)

58.6 (31.3)

59.1 (34.3)

0.125

Non-Word
Repetition

69.0 (30.4)

60.6 (28.8)

53.6 (30.1)

51.3 (32.7)

0.008

n=44

n=32

n=131

n=96

Rapid Name¶

3.2 (0.9)

3.1 (0.7)

3.2 (0.9)

3.2 (1.0)

0.872

Bead & Paper
Cutting

4.0 (1.1)

3.7 (0.9)

4.1 (0.9)

4.0 (0.9)

0.229

Dig & Letters

2.9 (0.7)

2.7 (0.8)

2.5 (0.9)

2.5 (0.9)

0.005

Repetition

2.6 (0.7)

2.4 (0.7)

2.4 (0.7)

2.5 (0.8)

0.812

Corsi Frog

2.8 (0.8)

2.8 (0.9)

2.9 (0.9)

2.9 (0.9)

0.907

Balance

2.7 (0.7)

2.7 (0.7)

2.6 (0.7)

2.7 (0.7)

0.392

Phono Disc.

2.8 (1.3)

2.7 (1.3)

2.3 (1.2)

2.6 (1.3)

0.051

Digit Span
(Pairs)

3.0 (1.0)

3.0 (0.9)

3.0 (0.8)

3.1 (0.9)

0.724

Digit Span

3.4 (0.8)

3.4 (1.0)

3.3 (0.8)

3.4 (0.9)

0.499

Rhyming

3.1 (1.1)

3.0 (1.4)

2.6 (1.0)

2.8 (1.0)

0.062

Sound
Order¶

3.2 (1.0)

3.3 (1.2)

3.0 (0.9)

3.1 (1.1)

0.503

Teddy & Form
Matching

3.1 (1.0)

3.5 (1.0)

3.1 (1.0)

3.1 (1.0)

0.288

VMI (n=305)
VMI

GAPS
(n=303)

PREST
(n=303)

pvalue‡
	
  

* children of fathers with qualifications not stated have been excluded
† heading titles:
None – No post-school qualifications
Cert – Certificate I to IV
Dip – Diploma or advanced Diploma
Bach – Bachelor degree or above
‡ from a Kruskal-Wallis test with ties
§ percentage of children in each category that can copy the shape
|| from a chi-square test
¶ one child could not complete this sub-test
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Only three sub-tests had score means significantly higher for children whose mother
had English as her first language. These three sub-tests were language related: GAPS
Sentence Repetition, and PREST Rapid Naming and Sound Order. Children with
mothers who did not have English as their first language had lower mean scores in four
of the five other language-based sub-tests (GAPS Non-Word Repetition and PREST
Digits and Letters, Repetition, Rhyming) but their statistical difference was not
significant. For the remaining language related sub-test, Phonological Discrimination,
the mean score was higher for children whose mother did not have English as their first
language, but this was not significantly different to the other category of children.

4.5.4 Mothers’ Country of Birth
The child’s mother being born overseas was not a significant factor affecting preliteracy development in this cohort. Children whose mother was born in Australia
performed significantly better in only one sub-test, the PREST Sound Order (see Table
4.24). Children whose mother was born in Australia had higher mean scores in more
than half of the sub-tests and less than or equal mean scores in over one third of subtests.

4.6 Associations between Above and Below Average Sub-Test Scores
Investigation of associations between sub-tests was conducted in two phases. The first
phase examined associations between above and below average score criteria as
determined by each test battery (see Table 4.25). The second investigation of low
scores was between ≤10th percentile performance and other sub-test ≤10th percentile
scores. This more restrictive classification of scores resulted in fewer items in the ≤10th
percentile category. Associations between sub-tests with such low scores were of
clinical interest, as these scores reflect very poor performance.
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Table 4.23: Mothers’ first language by sub-test mean score
Sub-test

Mothers’ first language is English*
No
M (Sd)	
  

VMI (n=301)
VMI

n=42
101.3

(1.7)

Yes
M (Sd)

p-value†

n=259
101.3

(0.8)

	
  
0.984

Can copy a diagonal cross‡

19

17

0.793§

Can copy a triangle‡

14

8

0.195§

GAPS (n=299)

n=41

n=258

Sentence Repetition

50.2

(35.9)

63.5

(31.0)

0.013

Non-Word Repetition

50.7

(34.4)

57.8

(30.7)

0.180

PREST (n=299)

n=42

n=257

Rapid Naming||

2.8

(0.9)

3.2

(0.9)

0.008

Bead Threading & Paper Cutting

3.9

(0.9)

4.0

(0.9)

0.544

Digits and Letters

2.4

(0.9)

2.6

(0.8)

0.115

Repetition

2.3

(0.7)

2.5

(0.8)

0.105

Corsi Frog

2.9

(1.0)

2.9

(0.9)

0.589

Balance

2.6

(0.6)

2.6

(0.7)

0.913

Phonological Discrimination

3.1

(1.0)

3.0

(0.9)

0.081

Digit Span (Pairs)

3.1

(1.0)

3.0

(0.9)

0.658

Digit Span

3.5

(1.0)

3.3

(0.9)

0.315

Rhyming

2.5

(0.8)

2.8

(1.1)

0.070

Sound Order||

2.5

(1.1)

3.2

(1.0)

< 0.001

Teddy and Form Matching

2.9

(1.0)

3.2

(1.0)

0.113

* children of mothers with first language not stated have been excluded
† from a 2-sided t-test
‡ percentage of children in each category that can copy the shape
§ from a chi-square test
|| one child could not complete this sub-test.
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Table 4.24: Mothers’ birthplace by sub-test mean scores
Child’s mother was born in Australia*

Sub-test

No
M (Sd)

Yes
M (Sd)

n=64

n=252

102.1 (12.0)

101.5 (12.7)

0.763

Can copy a diagonal cross‡

23

18

0.318§

Can copy a triangle‡

14

9

0.205§

n=64

n=249

Sentence Repetition

54.5 (33.2)

63.0 (31.9)

0.060

Non-Word Repetition

55.5 (34.3)

56.1 (30.9)

0.894

n=64

n=249

Rapid Naming||

3.0 (1.0)

3.2 (0.9)

0.112

Bead Threading & Paper Cutting

4.0 (1.0)

4.0 (0.9)

0.659

Digits and Letters

2.5 (0.9)

2.6 (0.9)

0.482

Repetition

2.3 (0.8)

2.5 (0.8)

0.089

Corsi Frog

2.8 (1.0)

2.9 (0.9)

0.776

Balance

2.6 (0.6)

2.6 (0.7)

0.889

Phonological Discrimination

2.3 (1.2)

2.6 (1.3)

0.196

Digit Span (Pairs)

3.0 (1.0)

3.0 (0.9)

0.970

Digit Span

3.4 (1.0)

3.3 (0.9)

0.843

Rhyming

2.6 (1.0)

2.8 (1.1)

0.130

Sound Order||

2.8 (1.0)

3.2 (1.0)

0.006

Teddy and Form Matching

3.0 (1.1)

3.2 (1.0)

0.095

VMI (n=315)
VMI

GAPS (n=313)

PREST (n=313)

p-value†
	
  

* children whose mother did not have with their place of birth not stated have been
excluded
† from a 2-sided t-test
‡ percentage of children in each category that can copy the shape
§ from a chi-square test
|| one child could not complete this sub-test

Table 4.25: Test criteria for below average scores
Test criteria of below average

Expected % of sample

VMI

Below Average, Low & Very Low
(Standard score < 90)

≤ 24%

GAPS

≤ 15th percentile

≤ 15%

PREST

‘At Risk Index’ score 1 & 2*

≤ 24%

* ‘At Risk Index’ score is the term used by the PREST author for age-adjusted
scores
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4.6.1 Below Average Sub-Test Scores
Expected and actual percentages of scores in the ‘below average’ range varied
significantly in most of the sub-tests. Five sub-tests had a higher percentage and six
had a lower percentage compared to expected values. Three sub-tests (GAPS NonWord Repetition and PREST Corsi Frog and Sound Order) had percentages within the
expected range (see Table 4.26).

The sub-test with the greatest percentage of children (53 per cent) achieving a below
average score was Phonological Discrimination. The sub-test with the lowest
percentage of children scoring less than average was Bead Threading and Cutting with
four per cent.

Table 4.26: Expected and actual percentage of children with below averageadjusted scores
Sub-test

Expected
percentage below
average scores

Actual percentage
below average
scores

p-value*

Phonological Discrimination

24

53

<0.001

Repetition

24

44

<0.001

Rhyming

24

39

<0.001

Digits & Letters

24

38

<0.001

Balance

24

34

<0.001

Corsi Frog

24

24

0.846

Sound Order†

24

21

0.154

Rapid Naming†

24

17

0.002

VMI

24

16

<0.001

Teddy & Form Matching

24

16

<0.001

GAPS Non-Word Repetition

15

12

0.164

GAPS Sentence Repetition

15

11

0.037

Digit Span

24

10

<0.001

4

<0.001

Bead Thread & Paper Cutting
24
* from a binomial test
† one child could not complete this sub-test
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4.6.2 Below Average Sub-Test Scores across Multiple sub-tests
Over 90 per cent of children achieved below average scores in one or more sub-test.
Only about one in five children (20.3 per cent) however scored below average in more
than five sub-tests and only one child achieved a below average score across all subtests. Twenty-seven children did not score below average in any sub-test (see Table
4.27).

Table 4.27: Number of below average scores across all sub-tests
Number of sub-tests

Children with below average scores on this
number of sub-tests (n=325)
n

%*

0

27

8.3

1

46

14.2

2

69

21.2

3

47

14.5

4

37

11.4

5

33

10.1

6

18

5.6

7

19

5.9

8

8

2.5

9

5

1.5

10

1

0.3

11

4

1.2

12

6

1.8

13

3

0.9

14

1

0.3

15

1

0.3

All combinations of sub-test were investigated, however not all are presented below.
VMI, GAPS and four PREST sub-tests provide examples of the sub-tests relationships.
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4.6.3 Association between VMI Below Average Score and Sub-Test Mean Scores
The VMI is a clinically relevant test that provides information on a child’s visual and
motor skills particularly relating to writing. The VMI is used widely in the field of Special
Education in Australia therefore associations between low VMI scores with other subtest mean scores was of interest.

VMI standard scores were categorised into two groups: below average standard score
(< 90) and average and above standard score (≥ 90). These two groups were
compared to the mean score of the other sub-tests.

With the exception of the PREST Balance sub-test, all GAPS and PREST sub-test
mean scores were significantly lower for children with below average VMI standard
scores (see Table 4.28). The Balance mean score was lower, but not significantly so.
No child with a below average VMI standard score could copy either a diagonal cross
or triangle.

4.6.4 Association between Being Able to Copy a Diagonal Cross and/or Triangle and
Sub-Test Mean Scores
When the child’s ability to copy a diagonal cross and/or triangle was compared with
sub-tests, similar relationships were found as were observed with the VMI. Mean
scores were higher in all sub-tests for children who could copy either a diagonal cross
or triangle. Sub-test mean scores were significantly higher for those who could copy a
diagonal cross on 12 of the 14 sub-tests and significantly higher in 11 sub-tests for
those who could copy a triangle (table not shown).

4.6.5 Association between Below Average GAPS Scores and Sub-Test Mean Scores
GAPS is a language screening test that is not restricted to specialist qualifications such
as Speech Pathology and is therefore available to teachers to screen preschool
children. An association between low GAPS sub-test scores and other assessment
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score means could broaden the implications of low GAPS scores when it is used as a
preschool screening test, as low scores may identify more than a singular language
delay. Both GAPS sub-tests were analysed individually.

Table 4.28: Below average VMI score and sub-test mean scores
VMI Standard Score

Sub-test

Below average
(St Sc <90)
M (Sd)	
  

At or above
average
(St. Sc ≥ 90)
M (Sd)

n=53

n=276

Can copy a diagonal cross†

0

22

<0.001‡

Can copy a triangle†

0

12

0.009‡

n=52

n=275

VMI (n=329)

GAPS (n=327)

p-value*

	
  

Sentence Repetition

45.7

(34.4)

64.7

(30.9)

<0.001

Non-Word Repetition

45.3

(32.8)

57.9

(30.8)

0.008

n=53

PREST (n=327)

n=274

Rapid Naming§

2.7

(1.0)

3.3

(0.9)

<0.001

Bead Threading & Paper Cutting

3.6

(1.0)

4.1

(0.9)

<0.001

Digits and Letters

2.1

(0.8)

2.6

(0.8)

<0.001

Repetition

2.1

(0.9)

2.5

(0.7)

<0.001

Corsi Frog

2.5

(1.0)

3.0

(0.9)

0.002

Balance

2.5

(0.7)

2.7

(0.7)

0.085

Phonological Discrimination

2.0

(1.0)

2.6

(1.3)

0.002

Digit Span (Pairs)

2.5

(1.0)

3.1

(0.9)

<0.001

Digit Span

3.0

(1.0)

3.4

(0.9)

<0.001

Rhyming

2.4

(0.9)

2.8

(1.1)

0.014

Sound Order§

2.7

(1.1)

3.2

(1.0)

<0.001

2.7 (1.1)
3.2 (1.0)
Teddy and Form Matching
* from a 2-sided t-test
† percentage of children in each category that can copy the shape
‡ from a chi-square test
§ one child could not complete this sub-test

<0.001

4.6.5.1 GAPS Sentence Repetition Percentile Scores
Two categories were created from the Sentence Repetition data: children at or below
the 15th percentile and those above this score. A low GAPS Sentence Repetition
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percentile score was associated with significantly lower mean scores in all PREST subtests, GAPS Non-Word Repetition and VMI (see Table 4.29). The only sub-tests not
significantly associated with below average scores were the child’s ability to copy a
diagonal cross and triangle. Fewer children with below average Sentence Repetition
scores could copy these shapes than those with average and above average scores.

4.6.5.2 GAPS Non-Word Repetition Percentile Scores
Two categories were created for Non-Word Repetition scores as were created for
Sentence Repetition. A below average GAPS Non-Word Repetition percentile score
was associated with significantly lower mean scores in GAPS Sentence Repetition and
all but one PREST sub-test. The PREST Corsi Frog sub-test had a lower mean score,
but it was not significantly lower (see Table 4.30). The VMI mean score and ability to
copy either a diagonal cross of triangle were not significantly associated with a below
average GAPS Non-Word Repetition score.

4.6.6 Association between Below Average PREST Scores and Sub-Test Mean Scores
As discussed in Chapter 2, a number of measures are identified in the literature as
predictors of ease of literacy skill acquisition. All sub-tests were examined however
only four sub-tests from the PREST battery are presented because of their predictive
association with literacy acquisition, namely: Digit Span, Digits and Letters, Rhyming
and Rapid Naming.

4.6.6.1 PREST Digit Span and Digit Span (Pairs)
Digit span testing is an easily accessible test for screening children in preschool. Below
average digit span scores, if associated with other below average sub-test mean
scores, could support a case for being an indicator of potential literacy delay. Both Digit
Span and Digit Span (Pairs) scores were investigated. Only Digit Span (Pairs) data are
presented because results were similar in both cases.
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As noted in section 4.3.3.9, Digit Span (Pairs) is the number of paired digit sequences
recalled. Two categories were created from the Digit Span (Pairs) data: at and above
the mean of 3 and less than 3. Children with a below average Digit Span (Pairs) score
of less than 3 had significantly lower score means in all sub-tests compared with
children who had a recall of three digits or greater (see Table 4.31).

Table 4.29: GAPS Sentence Repetition percentile scores and sub-test score
means
Sub-test

GAPS Sentence Repetition percentile score
th

> 15 percentile
M (Sd)

n=36

n=291

VMI (n=327)
VMI

th

≤ 15 percentile
M (Sd)	
  

94.0

(13.2)

p-value*

102.5 (12.1)

<0.001

Can copy a diagonal cross†

8

20

0.095‡

Can copy a triangle†

6

10

0.371‡

n=36

n=291

GAPS (n=327)
Non-Word Repetition

22.3

(18.6)
n=36

PREST (n=327)

60.0 (30.1)

<0.001

n=291

Rapid Naming§

2.3

(1.0)

3.3 (0.9)

<0.001

Bead Threading & Paper Cutting

3.5

(0.9)

4.1 (0.9)

<0.001

Digits and Letters

1.7

(0.8)

2.7 (0.8)

<0.001

Repetition

1.6

(0.8)

2.6 (0.7)

<0.001

Corsi Frog

2.5

(1.1)

2.9 (0.8)

0.005

Balance

2.3

(0.7)

2.7 (0.7)

0.004

Phonological Discrimination

1.6

(0.7)

2.6 (1.3)

<0.001

Digit Span (Pairs)

2.0

(0.8)

3.2 (0.8)

<0.001

Digit Span

2.3

(0.8)

3.5 (0.8)

<0.001

Rhyming

2.0

(0.8)

2.8 (1.1)

<0.001

Sound Order§

2.2

(1.0)

3.2 (1.0)

<0.001

2.5 (1.2)
3.2 (0.9)
Teddy and Form Matching
* from a 2-sided t-test
† percentage of children in each category that can copy the shape
‡ from a chi-square test
§ one child could not complete this sub-test

<0.001

116

Table 4.30: GAPS Non-Word Repetition percentile scores and sub-test score
means
Sub-Test

GAPS Non-Word Repetition percentile score
th

VMI (n=327)
VMI

th

≤ 15 percentile
M (Sd)	
  

> 15 percentile
M (Sd)

n=40

n=287

98.2

(14.4)

102.2

p-value*
	
  

(12.2)

0.070

Can copy a diagonal cross†

20

18

0.800‡

Can copy a triangle†

12

9

0.528‡

n=40

n=287

GAPS (n=327)
Sentence Repetition
PREST (n=327)

30.5

(27.7)

n=39

66.0

(30.4)

<0.001

n=288

Rapid Naming§

2.6

(1.0)

3.2

(0.9)

<0.001

Bead Threading & Paper Cutting

3.7

(0.9)

4.0

(0.9)

0.028

Digits and Letters

2.0

(0.8)

2.6

(0.8)

<0.001

Repetition

2.0

(0.9)

2.5

(0.7)

<0.001

Corsi Frog

2.7

(1.1)

2.9

(0.9)

0.276

Balance

2.4

(0.8)

2.7

(0.7)

0.048

Phonological Discrimination

2.1

(1.2)

2.6

(1.3)

0.036

Digit Span (Pairs)

2.4

(1.1)

3.1

(0.9)

<0.001

Digit Span

2.7

(1.0)

3.4

(0.9)

<0.001

Rhyming

2.3

(0.8)

2.8

(1.1)

0.004

Sound Order§

2.6

(1.3)

3.2

(1.0)

0.002

Teddy and Form Matching

2.5

(1.2)

3.2

(0.9)

<0.001

* from a 2-sided t-test
† percentage of children in each category that can copy the shape
‡ from a chi-square test
§ one child could not complete this sub-test

4.6.6.2 Digit Span (Pairs) Below Average Score Trend
The significance of increases in digit span capability was further investigated by
grouping data into three categories: a score of 0 or 1, a score of 2 and a score of 3 or
more. There was a significant positive increase in mean scores in all sub-tests as Digit
Span (Pairs) scores increased from zero or one pair to three or more (see Table 4.32).
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Table 4.31: PREST Digit Span (Pairs) scores and sub-test mean scores
Sub-test

VMI (n=327)
VMI

Digit Recall (Pairs) score
<3
M (Sd)	
  

≥3
M (Sd)

p-value*

n=83

n=244

	
  

97.6

(12.8)

103.0

(12.1)

<0.001

Can copy a diagonal cross†

8

21

0.008‡

Can copy a triangle†

4

12

0.028‡

n=83

n=242

GAPS (n=325)
Sentence Repetition

37.9

(28.9)

70.0

(29.2)

<0.001

Non-Word Repetition

42.4

(30.7)

60.6

(30.3)

<0.001

PREST (n=327)

n=83

n=244

Rapid Naming§

2.8

(1.0)

3.3

(0.9)

<0.001

Bead Threading & Paper Cutting

3.7

(1.0)

4.1

(0.9)

<0.001

Digits and Letters

2.2

(0.9)

2.7

(0.8)

<0.001

Repetition

2.0

(0.9)

2.6

(0.7)

<0.001

Corsi Frog

2.5

(1.0)

3.0

(0.8)

<0.001

Balance

2.4

(0.8)

2.7

(0.6)

<0.001

Phonological Discrimination

2.0

(1.1)

2.7

(1.3)

<0.001

Digit Span

2.5

(0.7)

3.6

(0.8)

<0.001

Rhyming

2.4

(0.9)

2.9

(1.1)

<0.001

Sound Order§

2.8

(1.1)

3.2

(1.0)

0.002

Teddy and Form Matching

2.7

(1.2)

3.3

(0.9)

<0.001

* from a 2-sided t-test
† percentage of children in each category that can copy the shape
‡ from a chi-square test
§ one child could not complete this sub-test
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Table 4.32: PREST Digit Span (Pairs) score and sub-test mean score trend
Sub-test

Digit Span (Pairs) score
Number of digits that can be recalled
≤1
M (Sd)

2
M (Sd)

≥3
M (Sd)

n=13

n=70

n=244

88.9 (11.8)

99.1 (12.5)

103.0 (12.1)

<0.001

Can copy a diagonal cross†

0

10

21

0.006‡

Can copy a triangle†

0

4

12

0.027‡

n=13

n=70

n=242

Sentence Repetition

14.9 (13.0)

42.1 (29.1)

70.0 (29.2)

<0.001

Non-Word Repetition

25.2 (28.7)

45.6 (30.2)

60.6 (30.3)

<0.001

n=13

n=70

n=244

Rapid Naming§

1.9 (0.9)

3.0 (0.9)

3.3 (0.9)

<0.001

Bead Threading & Paper
Cutting

3.5 (1.0)

3.7 (1.0)

4.1 (0.9)

0.001

Digits and Letters

1.7 (0.8)

2.2 (0.9)

2.7 (0.8)

<0.001

Repetition

1.5 (0.8)

2.1 (0.8)

2.6 (0.7)

<0.001

Corsi Frog

2.1 (1.0)

2.6 (1.0)

3.0 (0.8)

<0.001

Balance

1.9 (0.9)

2.5 (0.7)

2.7 (0.6)

<0.001

Phonological Discrimination

1.5 (0.7)

2.1 (1.1)

2.7 (1.3)

<0.001

Digit Span

1.4 (0.6)

2.7 (0.5)

3.6 (0.8)

<0.001

Rhyming

2.0 (1.0)

2.4 (0.8)

2.9 (1.1)

<0.001

Sound Order§

2.2 (1.1)

2.9 (1.1)

3.2 (1.0)

0.001

Teddy & Form Matching

2.0 (1.3)

2.8 (1.1)

3.3 (0.9)

<0.001

VMI (n=327)
VMI

GAPS (n=325)

PREST (n = 327)

Trend
p-value*

* From a test for trend across groups.
† percentage of children in each category that can copy the shape
‡ from a chi-square test
§ one child could not complete this sub-test

4.6.6.3 PREST Digits and Letters
Two categories were created consisting of below, and at and above the Digits and
Letters mean score of 3. This data was compared with mean scores of each sub-test.
All sub-tests had significantly lower mean scores for children with Digit and Letters
scores of less than 3 (see Table 4.33).
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Table 4.33: PREST Digit and Letters below average scores and sub-test mean
scores
Sub-test

VMI (n=327)
VMI

Digit and Letter ‘At Risk Index’ score
<3
M (Sd)	
  

≥3
M (Sd)

n=125

n=202

98.0

(12.5)

103.8

(12.1)

p-value*
	
  
<0.001

Can copy a diagonal cross†

9

24

<0.001‡

Can copy a triangle†

2

14

<0.001‡

n=124

n=201

GAPS (n=325)
Sentence Repetition

51.0

(34.4)

68.4

(29.0)

<0.001

Non-Word Repetition

48.1

(33.1)

60.8

(29.3)

<0.001

PREST (n=327)

n=125

n=202

Rapid Naming§

2.8

(0.9)

3.4

(0.9)

<0.001

Bead Threading & Paper Cutting

3.8

(0.9)

4.1

(0.9)

0.005

Repetition

2.3

(0.9)

2.6

(0.7)

<0.001

Corsi Frog

2.6

(1.0)

3.0

(0.8)

<0.001

Balance

2.5

(0.7)

2.7

(0.6)

0.002

Phonological Discrimination

2.1

(1.1)

2.8

(1.3)

<0.001

Digit Span (Pairs)

2.7

(1.0)

3.2

(0.8)

<0.001

Digit Span

3.0

(1.0)

3.5

(0.8)

<0.001

Rhyming

2.4

(0.9)

3.0

(1.1)

<0.001

Sound Order§

2.8

(1.0)

3.3

(1.0)

<0.001

Teddy and Form Matching

2.9

(1.1)

3.3

(0.9)

<0.001

* from a 2-sided t-test
† percentage of children in each category that can copy the shape
‡ from a chi-square test
§ one child could not complete this sub-test

4.6.6.4 PREST Rhyming
Rhyming scores were categorised into two groups: below the mean of 3 and at and
above the mean. Analysis of this data showed that a score below 3 was associated
with low mean scores in all sub-tests. All but three of the 16 sub-tests were significantly
lower (see Table 4.34).
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Table 4.34: PREST Rhyming below average scores and sub-test mean scores
Sub-test

VMI (n=327)
VMI

Rhyme ‘At Risk Index’ score
<3
M (Sd)

≥3
M (Sd)

n=128

n=199

99.4

(11.7)

103.0

(12.9)

p-value*

0.009

Can copy a diagonal cross†

9

24

0.003‡

Can copy a triangle†

5

13

0.013‡

n=127

n=198

GAPS (n=325)
Sentence Repetition

53.6

(32.8)

67.0

(30.9)

<0.001

Non-Word Repetition

49.9

(31.5)

59.8

(30.7)

0.005

PREST (n=327)

n=128

n=199

Rapid Naming§

3.0

(1.0)

3.3

(0.9)

0.006

Bead Threading & Paper Cutting

3.8

(1.0)

4.1

(0.9)

0.005

Digits and Letters

2.3

(0.9)

2.7

(0.8)

<0.001

Repetition

2.4

(0.8)

2.5

(0.7)

0.403

Corsi Frog

2.8

(0.9)

3.0

(0.9)

0.058

Balance

2.6

(0.7)

2.7

(0.7)

0.338

Phonological Discrimination

2.1

(1.1)

2.7

(1.3)

<0.001

Digit Span (Pairs)

2.8

(1.0)

3.2

(0.9)

0.003

Digit Span

3.1

(1.0)

3.5

(0.8)

<0.001

Sound Order§

2.9

(0.9)

3.2

(1.1)

0.005

Teddy and Form Matching

3.0

(1.0)

3.3

(0.9)

0.008

* from a 2-sided t-test
† percentage of children in each category that can copy the shape
‡ from a chi-square test
§ one child could not complete this sub-test

4.6.6.5 PREST Rapid Naming
Processing speed is also a potential predictor of future reading ability. Rapid Naming is
the PREST sub-test measuring this skill. Rapid Naming ‘At Risk Index’ scores were
grouped into two categories: below average (<3) and average and above (≥3). When
compared with other sub-test mean scores, all except the ability to copy a triangle was
significantly lower for children with below average Rapid Naming scores (see Table
4.35).
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Table 4.35: Rapid Naming below average scores and sub-test mean scores
Sub-test

VMI (n=326)
VMI

Rapid Naming ‘At Risk Index’ score
<3
M (Sd)

≥3
M (Sd)

n=54

n=272

94.7

(12.2)

103.0

(12.2)

p-value*

<0.001

Can copy a diagonal cross†

7

20

0.026‡

Can copy a triangle†

7

10

0.516‡

n=53

n=271

GAPS (n=324)
Sentence Repetition

38.2

(30.4)

66.2

(30.6)

<0.001

Non-Word Repetition

38.9

(31.1)

59.3

(30.4)

<0.001

PREST (n=327)

n=55

n=272

Bead Threading & Paper Cutting

3.4

(1.0)

4.1

(0.9)

<0.001

Digits and Letters

2.0

(0.8)

2.7

(0.8)

<0.001

Repetition

1.9

(0.8)

2.6

(0.7)

<0.001

Corsi Frog

2.5

(0.9)

3.0

(0.9)

<0.001

Balance

2.3

(0.7)

2.7

(0.6)

<0.001

Phonological Discrimination

1.9

(1.0)

2.6

(1.3)

<0.001

Digit Span (Pairs)

2.6

(1.1)

3.1

(0.9)

<0.001

Digit Span

2.9

(1.1)

3.4

(0.9)

<0.001

Rhyming

2.4

(1.0)

2.8

(1.1)

0.011

Sound Order§

2.5

(1.2)

3.2

(1.0)

<0.001

Teddy and Form Matching

2.5

(1.1)

3.3

(0.9)

<0.001

* from a 2-sided t-test
† percentage of children in each category that can copy the shape
‡ from a chi-square test
§ one child could not complete this sub-test

4.6.7 Summary of Associations between Below Average Sub-Test Scores and SubTest Mean Scores
Significant associations were found between sub-tests when above and below average
scores were compared to sub-test mean scores. Figure 4.17 displays the percentages
of sub-tests having significantly lower mean scores when below average sub-test
scores were compared to other sub-test score means. For example, a child scoring a
below average score in Digits and Letters would statistically be expected to achieve
scores below the mean in all other sub-tests. Excluding drawing a diagonal cross and
triangle, all sub-tests has a similar relationship with 75% or more of the other sub-tests.
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Figure 4.17: Percentage of sub-tests with significantly lower mean
scores when compared to below average scores

4.7 Associations between Sub-Test Scores Below the 10th Percentile
Associations between below average scores and low mean scores were demonstrated
in the previous section. Low score associations were examined further with sub-test
scores categorised into above and below the 10th percentile. Both GAPS and PREST
used this low score to identify children at risk of academic failure (Fawcett, Nicolson &
Lee 2001; van der Lely et al. 2007). It was therefore of interest to examine associations
between extreme low scores across sub-tests.

While over half the children achieved scores ≤10th percentile in one or more sub-test,
only four per cent of children gained these scores in more than five sub-tests. No child
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achieved such low scores in all sub-tests. One hundred and forty seven children had
no scores ≤10th percentile (see Table 4.36).

Phonological Discrimination had the highest proportion of children with scores ≤10th
percentile (27 per cent), and only two children achieved this score in the Bead
Threading and Paper Cutting sub-test (See Table 4.37).

Table 4.36: Number of ≤10th percentile scores across all sub-tests
Number of sub-tests
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Children with ≤10th percentile scores on this
number of sub-tests (n=325)
n

%

0

147

45.2

1

76

23.4

2

47

14.5

3

23

7.0

4

11

3.4

5

8

2.6

6

3

0.9

7

2

0.6

8

2

0.6

9

1

0.3

10

1

0.3

11

0

0

12

2

0.6

13

1

0.3

14

1

0.3

15

0

0

Table 4.37: Number of children achieving sub-test scores ≤ 10th percentile
Sub-test

Number of children ≤ 10th percentile
scores (n=327)
n

%

Phonological Discrimination

90

27

Digits and Letters

48

15

Rhyming

42

13

Repetition

41

12

Corsi Frog

33

10

Sound Order*

31

9

Non-Word Repetition

27

8

Sentence Repetition

26

8

Teddy and Form Matching

25

8

Balance

23

7

Rapid Naming*

18

6

VMI

16

5

Digit Span

9

3

Bead Thread & Paper Cutting

2

1

* one child could not do this test

Only a few combinations of sub-test comparisons are presented in this section, as
when examined, patterns of association were similar across combinations of sub-tests.
Sub-tests selected for presentation are VMI, GAPS Sentence Repetition and NonWord Repetition and PREST Digits Span (Pairs). Each of these sub-tests had
significant low score associations with other sub-tests in the previous section of this
chapter. In this analysis, two categories were created in each sub-test: ≤10th percentile
and above the 10th percentile.

4.7.1 Adjusted Kappa Coefficient
Following discussions with a Menzies School of Health Research biostatistician, it was
determined that T-tests were inadequate to examine associations between sub-tests
with low frequency of data as in the ≤10th percentile category. Consideration was given
to Kappa coefficients to compare percentage agreements between scores. Kappa
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coefficients are chance-adjusted measures of agreement between variables (Bland
2008; Byrt, Bishop & Carlin 1993). When distributions are unequal, as was the case in
the data being examined, Kappa coefficients can be low even though there is a high
level of agreement (Bland 2008; Cunningham 2009). Therefore an adjusted Kappa
coefficient was applied to adjust for the high degree of unevenness in the row/column
distribution. Adjusted Kappa or PABAK are calculated as follows:
PABAK = 2*p0 – 1, where p0 is the observed proportion of a Kappa calculation.

Landis and Koch (1977, cited in Cunningham 2009) provide guidelines for Kappa
coefficient strength of agreement. Cunningham indicates that PABAK coefficient
significance uses the same scale of agreement as Kappa coefficients (see Table 4.38).

Table 4.38: Kappa and PABAK scale of agreement
Kappa/PABAK statistic*

Strength of agreement

1.00–0.81

Almost perfect

0.80–0.61

Substantial

0.60–0.41

Moderate

0.40–0.21

Fair

0.20–0.00

Slight

< 0.00

Poor

* Landis and Koch (1977, cited in Cunningham 2009)

Analysis of data found Kappa coefficients to be less than 0.40 in all sub-tests
examined, indicating weak agreement between sub-tests. PABAK coefficients indicate
a different strength of agreement and are displayed in the tables below to reflect a
more accurate interpretation of the data (Cunningham 2009).
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4.7.2 Association between VMI Scores ≤10th Percentile with Sub-Test Scores ≤10th
Percentile
Two categories were constructed to group VMI standard score test results into ≤10th
percentile and >10th percentile. A standard score of 81, the 10th percentile equivalent,
(Beery & Beery 2006) was used to categorise the data. Table 4.39 displays the
substantial PABAK coefficient agreement between VMI 10th percentile scores and 10th
percentile scores in 13 sub-tests.

The percentage of children with VMI scores ≤10th percentile (n=16) who also had a
GAPS Sentence Repetition score ≤10th percentile (n=7) was 44 per cent. Strong
associations between low scores did not necessarily have strong reciprocal
associations. An example is the complementary result of the example above; the
percentage of children with scores ≤10th percentile in GAPS Sentence Repetition
(n=26) that also had ≤10th percentile VMI scores (n=7) was only 27 per cent.

4.7.3 Association between GAPS Sentence Repetition ≤10th Percentile with Sub-Test
Scores ≤10th Percentile
Both Sentence Repetition and Non-Word Repetition were examined with other subtests when divided into two categories: ≤10th percentile and >10th percentile. When
compared to the GAPS Sentence Repetition sub-test, 13 of the 14 sub-tests had
PABAK coefficients greater than 0.60, showing a substantial statistical agreement
between categories (see Table 4.40). The percentage of children having low scores
across pairs of sub-tests indicates that this information has limited application.

4.7.4 Association of GAPS Non-Word Repetition ≤10th Percentile with Sub-Test Scores
≤10th Percentile
As with the Sentence Repetition results, there was an association between sub-test
scores at and below the 10th percentile. Table 4.41 shows 13 of the sub-tests have
PABAK coefficients above 0.60. Again, even though there is a substantial level of
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statistical agreement between categories, the small number of children with common
low scores in sub-tests suggests that, although of interest, there is limited application of
this information to classroom or clinical practice.

4.7.5 Association of Digit Span (Pairs) ≤10th Percentile Scores with Sub-Test Scores
≤10th Percentile
Table 4.42 presents PABAK coefficients and percentages for each sub-test in relation
to the child’s ability to recall digits. Two categories were created from the Digit Span
(Pairs) results: recall of ≤1 digit and recall of >1 digit. Thirteen of the 14 sub-tests had
PABAK coefficients greater than 0.60. Phonological Discrimination was the only subtest with a low PABAK coefficient, which was the same sub-test with a PABAK
coefficient less than 0.60 in each of the other analyses presented.

4.8 Overview
The process of acquiring literacy skills, both reading and writing, is complex, with many
internal and external factors influencing individual student success or difficulty. This
chapter has presented child and parent demographic data gathered from student
enrolment forms and sub-test scores from assessments to investigate associations
between demographic features and sub-test scores. The association of sub-test scores
with demographic features was varied and highlights the diversity of skills each child
brings to the preschool classroom. The significance of these associations will be
discussed in the following chapter in conjunction with information from the literature
review.
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Table 4.39: Association between VMI scores ≤10th percentile with sub-test
scores ≤10th percentile
VMI Standard Score

Sub-test

GAPS (n=327)

≤ 81

> 81

(n=16)

(n=311)

th

7

19

th

9

292

th

5

22

th

11

289

(n=16)

(n=311)

Sentence Rep ≤ 10 percentile
Sentence Rep > 10 percentile
Non-Word Rep ≤ 10 percentile
Non-Word Rep > 10 percentile
PREST (n=327)
th

6

12

th

10

298

th

1

1

th

15

310

th

9

39

th

Digits & Letters > 10 percentile

7

272

th

6

35

th

10

276

th

6

27

th

10

284

th

3

20

th

13

291

th

9

81

th

Phono Discrim > 10 percentile

7

230

Digit Span (Pairs) ≤ 1 digit

4

9

Digit Span (Pairs) > 1 digit

12

302

th

3

6

th

13

305

th

4

38

th

12

273

th

6

25

th

10

285

th

6

19

th

10

292

Rapid Naming ≤ 10 percentile†
Rapid Naming > 10 percentile†
Bead & Paper Cut ≤ 10 percentile
Bead & Paper Cut > 10 percentile
Digits & Letters ≤ 10 percentile

Repetition ≤ 10 percentile
Repetition > 10 percentile
Corsi Frog ≤ 10 percentile
Corsi Frog > 10 percentile
Balance ≤ 10 percentile
Balance > 10 percentile
Phono Discrim ≤ 10 percentile

Digit Span ≤ 10 percentile
Digit Span > 10 percentile
Rhyming ≤ 10 percentile
Rhyming > 10 percentile
Sound Order ≤ 10 percentile†
Sound Order > 10 percentile†
Teddy & Matching ≤ 10 percentile
Teddy & Matching > 10 percentile

PABAK

%*

0.829

44

0.798

31

0.865

38

0.902

6

0.719

56

0.725

38

0.774

38

0.798

19

0.462

56

0.872

25

0.884

19

0.694

25

0.785

38

0.823

38

* percentage of VMI scores ≤10th percentile with sub-test scores ≤10th percentile
† one child could not do this test
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Table 4.40: Association between GAPS Sentence Repetition 10th percentile
scores with sub-test scores ≤10th percentile
GAPS Sentence Repetition

Sub-test
th

VMI (n=327)

th

≤10
perc.

>10
perc

(n=26)

(n=301)

(n=26)
7

9

th

19

292

(n=26)

(n=301)

th

10

17

th

16

284

(n=26)

(n=299)

VMI > 10 percentile
GAPS (n=327)
Non-Word Rep ≤ 10 percentile
Non-Word Rep > 10 percentile
PREST (n=325)
th

10

8

th

16

290

th

0

2

th

26

297

th

16

32

th

Digits & Letters > 10 percentile

10

267

th

15

25

th

11

274

th

8

25

th

18

274

th

3

20

th

23

279

th

15

74

th

11

225

Digit Span (Pairs) ≤ 1 digit

7

19

Digit Span (Pairs) > 1 digit

6

293

th

7

2

th

19

297

th

7

35

th

19

264

th

10

20

th

16

279

th

8

17

th

18

282

Rapid Naming ≤ 10 percentile†
Rapid Naming > 10 percentile†
Bead & Paper Cut ≤ 10 percentile
Bead & Paper Cut > 10 percentile
Digits & Letters ≤ 10 percentile

Repetition ≤ 10 percentile
Repetition > 10 percentile
Corsi Frog ≤ 10 percentile
Corsi Frog > 10 percentile
Balance ≤ 10 percentile
Balance > 10 percentile
Phono Discrim ≤ 10 percentile
Phono Discrim > 10 percentile

Digit Span ≤ 10 percentile
Digit Span > 10 percentile
Rhyming ≤ 10 percentile
Rhyming > 10 percentile
Sound Order ≤ 10 percentile
Sound Order > 10 percentile
Teddy & Matching ≤ 10 percentile
Teddy & Matching > 10 percentile

%*

0.829

27

0.798

38

0.846

38

0.828

0

0.742

62

0.778

58

0.735

31

0.735

12

0.477

58

0.846

27

0.871

27

0.668

27

0.778

38

0.785

31

(n=301)

th

VMI ≤ 10 percentile

PABAK

* percentage of children with GAPS Sentence Repetition scores ≤10th percentile
also with sub-test scores ≤10th percentile
† one child could not do this test
130

Table 4.41: Association of GAPS Non-Word Repetition 10th percentile scores
with sub-test scores ≤10th percentile
Sub-test

GAPS Non-Word Repetition
th

VMI (n=327)

th

≤10
perc.

>10
perc.

(n=27)

(n=300)

th

5

11

th

22

289

VMI ≤ 10 percentile
VMI > 10 percentile
GAPS (n=327)

(n=27)
10

16

th

17

284

Sentence Repetition > 10 percentile
PREST (n=325)

(n=26)
6

12

th

20

286

th

0

2

th

26

297

th

10

38

th

Digits & Letters > 10 percentile

16

261

th

11

29

th

15

270

th

4

29

th

22

270

th

5

18

th

21

281

th

14

75

th

12

224

Digit Span (Pairs) ≤ 1 digit

6

7

Digit Span (Pairs) > 1 digit

20

292

th

6

3

th

20

296

th

6

36

th

20

263

th

10

20

th

16

279

th

6

19

th

20

280

Rapid Naming > 10 percentile†
Bead & Paper Cut ≤ 10 percentile
Bead & Paper Cut > 10 percentile
Digits & Letters ≤ 10 percentile

Repetition ≤ 10 percentile
Repetition > 10 percentile
Corsi Frog ≤ 10 percentile
Corsi Frog > 10 percentile
Balance ≤ 10 percentile
Balance > 10 percentile
Phono Discrim ≤ 10 percentile
Phono Discrim > 10 percentile

Digit Span ≤ 10 percentile
Digit Span > 10 percentile
Rhyming ≤ 10 percentile
Rhyming > 10 percentile
Sound Order ≤ 10 percentile†
Sound Order > 10 percentile†
Teddy & Matching ≤ 10 percentile
Teddy & Matching > 10 percentile

0.798

18

0.798

37

0.802

23

0.828

0

0.668

38

0.729

42

0.686

15

0.760

19

0.465

54

0.834

23

0.858

23

0.655

23

0.778

38

0.760

23

(n=299)

th

Rapid Naming ≤ 10 percentile†

%*

(n=300)

th

Sentence Repetition ≤ 10 percentile

PABAK

* percentage of children with GAPS Non-Word Repetition scores ≤10th percentile
also with sub-test scores ≤10th percentile
† one child could not do this test
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Table 4.42: Association of Digit Span (Pairs) score ≤ 1 with sub-test scores
≤10th percentile
Sub-test

PREST Digit Span (Pairs)
≤1
digit

> 1 digit
(n)

PABAK

%*

(n)
VMI (n=327)

(n=16)

(n=311)

th

4

9

th

12

302

VMI ≤ 10 percentile
VMI > 10 percentile
GAPS (n=325)

(n=13)
7

19

th

6

293

th

6

20

th

7

292

Sentence Rep > 10 percentile
Non-Word Rep ≤ 10 percentile
Non-Word Rep > 10 percentile
PREST (n=327)

(n=13)
6

12

th

7

301

th

0

2

th

13

312

th

6

42

th

Digits & Letters > 10 percentile

7

272

th

8

33

th

5

281

th

5

28

th

Corsi Frog > 10 percentile

8

286

th

5

18

th

Balance > 10 percentile

8

296

Phono Discrim ≤ 10th percentile

8

82

Phono Discrim > 10th percentile

5

232

Digit Span ≤ 10th percentile

9

0

4

314

th

5

37

th

8

277

th

5

26

th

8

287

th

7

18

th

6

296

Rapid Naming > 10 percentile†
Bead & Paper Cut ≤ 10 percentile
Bead & Paper Cut > 10 percentile
Digits & Letters ≤ 10 percentile

Repetition ≤ 10 percentile
Repetition > 10 percentile
Corsi Frog ≤ 10 percentile

Balance ≤ 10 percentile

th

Digit Span > 10 percentile
Rhyming ≤ 10 percentile
Rhyming > 10 percentile
Sound Order ≤ 10 percentile†
Sound Order > 10 percentile†
Teddy & Matching ≤ 10 percentile
Teddy & Matching > 10 percentile

0.846

54

0.834

46

0.883

46

0.908

0

0.700

46

0.768

62

0.780

38

0.841

38

0.468

61

0.976

69

0.725

38

0.791

38

0.853

54

(n=314)

th

Rapid Naming ≤ 10 percentile†

25

(n=312)

th

Sentence Rep ≤ 10 percentile

0.872

* percentage of children with a Digit Span (Pairs) ≤ 1 digit also with sub-test scores
≤10th percentile
† one child could not do this test
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Chapter 5: Discussion and Conclusion
This study of preschool children measured a range of prerequisite skills considered to
be foundations for successful literacy acquisition. A review of the literature highlighted
the complexity of the human brain and presented the many layers of skill that underpin
the process of learning to read and write. Writing, the process of recording oral
language, and reading, the process of decoding the written form of language, engages
a wide range of neurological structures beyond only the language centres of the brain.

As neurological development is sequential, each newly acquired skill is a progression
or extension of the last (Kandel, Schwartz & Jessell 2000). To become literate, oral
skills, cognitive skills, perceptual abilities and specific knowledge are required. Some of
these skills are acquired through neurological maturity, some from experience and
some from explicit teaching (Fischer & Bidell 2007; Neuman, Copple & Bredekamp
2008).

The aim of this study was to assess a range of pre-literacy skills to measure the level of
maturity of these skills in preschool children. It was hypothesised that most children
would have typical skills for their age but would require continued development before
they would be most receptive to formal literacy instruction. It was hypothesised that
factors influencing this diversity of scores would include socio-demographic and
individual characteristics of children.

Three hundred and thirty-three preschool children were assessed using three
standardised assessments, however the results of 329 children were used in data
analysis due to four being excluded because of age. Raw and adjusted scores were
used to analyse associations between demographic data and sub-test results. A wide
variation in pre-literacy skills was observed in this sample of children. This lack of
homogeneity of skill was marked and anticipated considering the diversity of the
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sample. Although associations between many sub-tests were observed, no one skill or
demographic feature was identified as a single indicator of potential literacy difficulties.

Results of this study can be grouped into three categories: the influence of child
demographic data on sub-test scores, influence of parent demographic data on subtest scores, and associations between sub-tests.

5.1 Association of Child Demographic Data with Sub-Test Scores
The most significant demographic factor influencing sub-test scores was the age of
children (see Figure 5.1). The other important demographic feature in this sample of
children was gender: with girls obtaining significantly higher sub-test scores than boys
in 65 per cent of sub-tests.

Figure 5.1: Percentage of sub-tests (n=17) significantly associated
with demographic characteristics of child above and below sub-test
mean.

5.1.1 Age
As expected, age was a factor in raw score results. All sub-test raw scores were
significantly influenced by age (see Table 4.11 and Figure 5.1). Across all age
categories, older children achieved better raw scores than younger children. It is
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proposed that older children are more skilled because of advanced neurological
maturity and a greater range of experiences. Even though there were individual young
children who achieved high scores and older children who scored poorly, age was the
most influential factor on raw score means. Statistically, the youngest children of the
group had significantly less developed skills than older children.

In the context of the preschool classroom, this factor on its own has significant
implications for implementing the curriculum to the group. Given the potential age
spread of 12 months or more in a preschool class, the ability to address the learning
needs of the individual is challenging. There is no simple resolution to this spread of
skills due to age and this is an acknowledged factor in early childhood education
(Grenet 2010). This data confirms the importance of teachers (and parents) being
mindful of the potential difficulties younger children in class may have in performing
tasks that their older peers achieve more easily, perhaps even more so, now that very
young children are entering the education system.

5.1.2 Gender
Although sampling bias cannot be ruled out, the gender ratio of the cohort was
statistically similar to the expected percentage of the population. The results indicated
that girls performed better in all sub-tests and significantly better in 65 per cent of the
17 sub-tests (see Figure 5.1). Girls achieved higher mean scores across a wide range
of sub-test categories including language, fine motor skills, balance, digit span and
visual perception.

This research does not address the issue of gender in education, but the educational
needs of both sexes and how these can best be addressed is an ongoing point of
discussion across the world. Data from this sample identified that girls have
significantly more advanced skills in the areas assessed than boys at this age.
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5.1.3 Hand Dominance
Neuro-developmentally, hand dominance is a reflection of cerebral hemisphere
specialisation that is usually established after five years of age (Maples 2002). Not
having an established dominant hand is often regarded as being one of the features of
children with delays. Thirty children in this study did not display established hand
dominance (mixed dominance) during testing. The number of children with mixed
dominance decreased with age from 11 per cent of four to 4.5-year-olds to four per
cent of 4.5 to five-year-olds (see Table 4.13). There were a higher percentage of boys
than girls not having established hand preference; however, this difference was not
significant (p=0.308).

Children who did not have an established hand preference did not have significantly
lower mean scores in any of the sub-tests, suggesting that for children in this limited
age range, mixed dominance is not an indicator of potential literacy delay.

There were no significant differences in sub-test score means between children who
were right or left handed. Other researchers have found similar results in older children.
Maples (2002), for example, found there was no significant difference in reading scores
between children with established right and left hand dominance.

While there were no significant differences in children’s sub-test performance scores, in
children with right, left or mixed handedness at this age, an important role of the
preschool teacher and family however is to encourage the development of a naturally
occurring dominance for neural efficiency and specialisation of motor performance
(Kandel, Schwartz & Jessell 2000; Lane 2005).

5.1.4 Indigenous Status
Considering the geographic region, the number of Indigenous children in the study was
significantly smaller than expected, suggesting that bias might have been a factor in
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this sample. However, with the exception of one sub-test, GAPS Sentence Repetition,
sub-test mean scores for Indigenous students were not significantly different to nonIndigenous children.

An inference from this data is that sub-tests used in this study were appropriate for
screening both Indigenous and non-Indigenous children entering preschool in this
largely urban, English-speaking region. The appropriateness of these assessments for
use in remote Indigenous communities and different language groups requires further
investigation.

5.1.5 Child’s First Language
Children with English as their first language achieved higher mean scores in over 60
per cent of all sub-tests. Only one (GAPS Sentence Repetition) however, was
significantly higher. For the 17 children who did not have English as their first
language, this factor alone was not a major influence on their sub-test performances.

Recruitment bias cannot be ruled out as a factor influencing these results as it is not
known if parents of children with English as their second, or third, language were
sufficiently aware of the study or were less likely to agree to participate. Among those
who did participate however they were not disadvantaged and these data indicate that
the assessments were relevant for use with children who do not have English as their
first language.

5.2 Associations between Parent Demographic Data and Sub-Test Scores
Limited data was available on adults completing the child’s school enrolment form
(which included parents, carers and guardians). First language, educational attainment,
post-school qualifications and mother’s country of birth were gathered.
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Other than mother’s level of education, the influence of parent demographic
characteristics on sub-test scores was minimal. When level of education was compared
to sub-test mean scores, children whose mother attended higher levels of high school
(Years 11 and/or 12) achieved significantly higher mean scores in 76 per cent of the
sub-tests (see Figure 5.2).

Figure 5.2: Percentage of sub-tests (n=17) significantly associated
with demographic characteristics of mother and father: above and
below sub-test mean.

As there was no further information on families such as primary caregiver roles,
household income, employment status (full or part time) or parent interactions (such as
time spent reading to children and by whom, level of interaction/communication
between parents and child), further analysis could not be conducted regarding why
mother’s education and not father’s education had a significant role in sub-test scores
in this study. This result was not unexpected, as level of parent education, and in
particular maternal education level, has been found to have a significant influence on
child education outcomes (Davis-Kean 2005).
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5.3 Associations across Sub-Tests
As far as the author is aware, the three assessments selected for the study had not
previously been used in combination in research to assess preschool children’s skills.
Investigation of associations across 17 sub-tests was therefore of interest.

Investigation of associations between sub-tests was conducted using two categorical
measures:
•

Below average score: as determined by each test battery

•

Below 10th percentile sub-test scores

The second category was more restrictive with smaller numbers of children in the lower
scoring category. Below 10th percentile grouping was initiated to investigate
associations between sub-test scores for children performing at an ‘At Risk’ level, as
described by test battery authors.

5.3.1 Associations between Below Average Sub-Test Scores
Associations between below average sub-test scores were analysed for each sub-test.
Figure 4.17 displayed the percentage of sub-tests significantly associated with below
average scores. Fifteen of the 17 sub-tests (88 per cent) were significantly associated
with 75 per cent or more of other sub-tests. The remaining two sub-tests were
significantly associated with 69 per cent and 50 per cent of other sub-tests. This strong
association between sub-tests suggests that skills measured in each sub-tests had a
substantial relationship with other skills tested and were compatible assessments to be
used in this research.

Although there were strong associations between below average scores and sub-test
mean scores, the majority of children did not have low scores across multiple sub-tests.
As seen in Table 4.27, the number of children having below average scores in more
than one sub-test reduced as the number of sub-tests increased. While over 90 per
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cent of the children had below average scores in one or more sub-test, only 20 per
cent of children had below average scores in more than five sub-tests and less than 5
per cent in more than ten sub-tests.

These results demonstrate the patchwork of skills children have at this young age and
the importance of ensuring all skills are at suitable levels as formal literacy instruction is
introduced.

5.3.2 Associations between Sub-Test Scores Equal to and Below 10th Percentile
A sub-test score below the 10th percentile indicates a significant delay in skill, however
does not indicate whether the delay is due to a deficit or lack of experience.
Associations were found between sub-tests, but as the number of children in the low
score category were small, specific statistical techniques were required to account for
this high degree of unevenness in categories. Although statistically significant, these
associations across multiple sub-tests are of minimal clinical value. Low sub-test
scores of the individual child however are more relevant. Even though just over half (54
per cent) of children achieved scores ≤10th percentile in one or more sub-test, the
number of children scoring ≤10th percentile in more than five sub-tests dropped to less
than two per cent, with no children performing ≤10th percentile in all sub-tests (see
Table 4.36).

Tables 4.27 and 4.36 demonstrate that children having one or two below average or
≤10th percentile scores is not necessarily cause for concern as it may be typical of the
collage of skills children possess when they commence preschool. This range of skill
abilities is compatible with theoretical frameworks of child development and may be
accounted for by the diversity of family and cultural backgrounds of this cohort.
Traditional cognitive and child development frameworks such as Piaget and Vygotsky
(Smith, Dockrell & Tomlinson 2005) and more recent models such as Dynamic
Systems (Lewis 2000) assert the influence of social and cultural environments on skill
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development. It can be expected therefore that children will have areas of strength due
to the influence of the family and social environment as well as having areas not as
well developed, perhaps only due to lack of exposure and practice.

This data reflects this diversity of skill in the preschool sample and displays the
complexity and challenge of providing ‘quality’ preschool programs that are able to
identify strengths in the individual child as well as to address areas requiring attention
and skill development.

5.4 The Reader
This study was not designed to measure reading, comprehension or writing skills due
to the young age of the sample. It was to be expected however that some children
would have been able to read to varying degrees. During the assessment phase,
teachers were informally asked if there were children in their class who they considered
were able to read. Only one child in the sample was identified as being ‘a reader’. It
was mentioned by a number of teachers that they had children in the previous year that
they considered were able to read. It was reported that this one child who could read
had not received any formal instruction in reading by teachers or parents.

Although this is only one child and no conclusion can be drawn, this one child’s subtest scores are of interest. All sub-tests scores were either at or above average, with
many achieving a maximum score. Table 5.1 displays the associated prerequisite skills
for literacy as presented in Chapter 2 (see Table 2.1) to demonstrate this child’s
comprehensive range of skills.

This child was not one of the older children, as may have been expected considering
her reading ability and strong performance in sub-tests, but was two months below the
average age of four years three months.
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Table 5.1: Assessment scores of child who was considered able to read
Prerequisite skill

Assessment used

Sub-test score

Working Memory

PREST Digit Span

Above average

PREST Repetition

Average

GAPS Sentence Repetition

Above average

GAPS Non-Word Repetition

Average

67

- Phonological Loop

GAPS Non-Word Repetition

Average

67

- Visuo-spatial Sketchpad

PREST Corsi Frog

Average

3

PREST Teddy & Form Matching

Above average

VMI

High average

PREST Rapid Naming

Above average

5

PREST Sound Order

Above average

5

PREST Phonological
Discrimination

Above average

Processing Speed
Phonemic awareness

5
3
100

5
122

5

Average

67

GAPS Non-Word Repetition
Rhyme

PREST Rhyme

Above average

5

Grammar

GAPS Sentence Repetition

Above average

100

Vocabulary

GAPS Non-Word Repetition

Average

Letter knowledge

PREST Digits and Letters

Above average

4

Motor Coordination

PREST Balance

Average

3

PREST Bead Threading and
Paper Cutting

Above average

5

High average

67

122

VMI

Another interesting factor regarding this one participant relates to the assumption that a
child capable of reading is therefore also capable of writing. Although achieving a high
score in the VMI standard score (adjusted for age), this child was not able to correctly
copy either a diagonal cross or triangle. A sample of handwriting confirmed that the
child was not skilled in writing letter shapes. This was not surprising considering the
child was not able to correctly copy either shape. This child did however have the
visual perceptual skills to recognise letters of the alphabet as suggested by his or her
ability to read and above average Digits and Letters age adjusted score.

The variance of neurological maturity and skill development is seen in this example.
The child was capable of performing beyond his or her age peers in some but not all
areas of skill. The child was advanced in prerequisite skills for reading and had been
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able to further develop these to become literate. Prerequisite skills for writing were still
developing and his or her writing ability was not as advanced as reading abilities.

5.5 Child Development or Formal Instruction
As presented, there is a range of skills that underlie literacy development. A number of
pre-literacy skills rely on adequate neurological development, well-integrated body
senses and sensory perceptions to be established before they can be mastered. Some
skills are acquired in combination with neurological maturity through experience as well
as through specific instruction. In conjunction with information from Table 2.1,
assessments used in the study have been assigned to one of two categories:
developmental experience or explicit instruction (see Table 5.2). This table emphasises
the importance, and range of skills required prior to formal and explicit teaching being
undertaken.

This categorisation is based on skills being present without previous instruction. For
example, most children require some degree of specific instruction to learn names of
digits and letters, whereas repeating a spoken sentence (PREST Repetition) does not.
It is acknowledged that skills in both categories will be enhanced with correct
modelling, instruction and practice.

Bead threading and paper cutting have been placed in the explicit instruction category,
as even though bead threading is the culmination of fine motor skills (and experience),
correct use of scissors (a tool) is generally a skill that needs to be taught.

GAPS sub-tests have been placed in the development column as these tests measure
sets of language skills that are not usually formally taught: first language acquisition is
generally learnt through exposure to the language of the family and community.
Sentence Repetition measures the child’s basic understanding of grammatical
structure of the English language from exposure to oral language. Non-Word
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Repetition is a measure of the child’s ability to listen to combinations of novel English
type sounds (with adequate hearing acuity) and verbally repeat them. This is not a
taught skill but would be enhanced with training.

The language skill of rhyming is a developmental stage of language acquisition, and
has been placed in the learnt category, as it is an awareness that is generally brought
to the child’s attention through the process of learning more complex language skills.

Table 5.2: Sub-test grouping of developmental or learnt skills
Sub-test

Skill

Developmental/
experience

Explicit
instruction

VMI

• Visuo-spatial sketchpad
• Motor coordination



GAPS Sentence
Repetition

• Working memory
• Phonological awareness
• Grammar



GAPS Non-Word
Repetition

•
•
•
•

Working memory
Phonological loop
Phonological awareness
Vocabulary acquisition



Rapid Naming

• Processing speed

Bead Threading &
Paper Cutting

• Motor coordination



Digits and Letters

• Letter knowledge



Repetition

• Working memory



Corsi Frog

• Visuo-spatial sketchpad



Balance

• Motor coordination



Phonological
Discrimination

• Phonological awareness



Digit Span

• Working memory



Rhyming

• Rhyme

Sound Order

• Processing speed
• Phonological awareness



Teddy & Form
Matching

• Visuo-spatial sketchpad
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Table 5.2 displays the range of skills that a quality preschool program would include: a
combination of skills developed through experiential learning intertwined with the
explicit instruction of more formal learning tasks. This table is restricted to the skills
assessed in this study and does not include other important child development skills
such as play, social interaction or emotional resilience.

5.6 Summary of Results
Children entering preschool have diverse life experiences and therefore are competent
in a range of skills. The majority of children assessed in this research had average
skills across the spectrum of areas tested. To varying degrees, all were developing preliteracy foundation skills.

Data from the research indicated significant associations between demographic factors
and sub-test scores, as well between sub-test scores. Conclusions drawn from this
research are:
1. Age is a significant factor in skill performance. Older preschool children
performed at significantly higher levels of achievement in prerequisite skills than
younger children. Important examples of this are the visual-motor prerequisite
skills for learning to write letter shapes: the ability to copy the VMI diagonal
cross and triangle. Both were significantly influenced by age, which has
implications for the timing of the introduction of instruction in formal letter
writing.
2. The majority of children had prerequisite literacy skills at age-appropriate levels.
In this cohort however, age-appropriate does not imply being receptive to formal
literacy instruction.
3. In most sub-tests, below average scores were significantly associated with
lower mean scores in other sub-tests. These associations illustrate the
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relationship between the skills assessed and reflect the complexity of skills
associated with literacy development.
4. While most children had below average scores in one or more sub-tests,
relatively few had below average scores on a large number of sub-tests,
reflecting the diversity of skills and experiences in these children.
5. Within this age group, not having an established dominant hand was not an
indicator of poor performance in the sub-tests.

The results from this research demonstrate the diversity of skills children have when
they enter preschool. Children of this age are still developing neurologically with many
pre-literacy skills at early stages of development. It is suggested that one of the many
roles of preschool is to nurture children to allow them to acquire skills that will enable
them to succeed in their academic future. With a wide range of pre-literacy skills to
develop, children of this age require specific programming to enable strong foundations
to be established in preparation for formal instruction in reading and writing. Preschool
programs best serve children when they are designed to meet the needs of the child
and not the needs of a primary school academic focused curriculum.

The importance of early childhood curriculum writers and advisors to understand the
research in predictors of literacy delay and to imbed this knowledge into classroom
practice is stressed. Although some information identified in research is included in
classroom practice, some is not. For example, as presented in Table 5.2, the range of
areas having potential to positively influence literacy outcomes include: working
memory capacity, processing speed, phonemic awareness, sound categorisation,
rhyme detection, non-word repetition, grammar knowledge, vocabulary, and letter
identification.
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5.7 Strengths and Limitations of the Study
5.7.1 Strengths
This project had support and encouragement from school management and preschool
staff across the study region. This support enabled a large number of preschool
students to participate in the study. Three hundred and eighty-seven children, 31 per
cent of the estimated eligible 2008 preschool population in the geographical region,
were granted consent to participate in the project. Three hundred and thirty-three
children were assessed (27 per cent), and based on sample size calculations, provided
an adequate sample for research.

Research assistants who assisted with the assessment process were well qualified to
assist in the study. Each was experienced in child assessment, had professional
qualifications and working as paediatric therapists, providing confidence that
assessment results were a sound reflection of children’s skills on the day.

The standard of testing was high with preparation undertaken and processes in place
to reduce assessor bias. Assessments were conducted within each child’s preschool
and the assessment environment was conducive to children performing at their best.

Assessments used in the study were current and standardised tests. The VMI, an
established assessment tool, has been revised five times since it was first published in
1967. GAPS, a more recent assessment tool, was originally published in 2007 and
PREST was an assessment developed from research in the area of dyslexia with a
focus on pre-literacy skills. Data from these three assessment tools provided measures
on a wide range of pre-literacy and preschool skills in children of this age.

5.7.2 Limitations
A limitation of this ‘one-off’ assessment of skills is there was no opportunity to measure
the progression of literacy skills of the cohort. The study design and timeframe did not
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allow for re-testing. Re-testing the sample two years after the initial assessment would
have provided information on literacy development and allowed for a more informed
analysis of results of children with multiple initial low sub-test scores.

A limited number of language-based assessments were included in this study. A more
language-focused study would have measured a wider range of language skills
including vocabulary and specific phonological skills.

Assessments were conducted with a non-targeted sample of children. Although this
study design was not to examine any particular cohort, specific selection of children
with learning or literacy difficulties or with a related diagnosis may have identified a
different clustering of low sub-test scores.

The assessment of working memory in this study was limited and deserves more
comprehensive investigation. The continuing research into working memory by authors
such as Baddeley, Gathercole and Holmes as referenced in this thesis highlight the
importance of memory in literacy acquisition. The results of studies that challenge the
notion that working memory is a static variable has implications for children who are
identified as having potential difficulties in becoming literate (Holmes, Gathercole &
Dunning 2009). Specific assessment of the components of working memory (Central
Executive, Phonological Loop, Visuo-spatial sketchpad and Episodic Buffer) and
relationships with prerequisite skills of literacy is recommended in further studies.

It is acknowledged that there are also social and emotional components to learning.
These qualities were not assessed in this study.

Some sections of the community did not participate in the study and this may have
influenced the results. For example, children from independent schools were not
invited, children who were consented to participate but were not assessed and children
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of parents who did not grant permission for their child to be assessed, such as
Indigenous and non-English-speaking families, may have contributed to sample bias.

5.8 Issues Raised by the Study
This study emphasises the range of skills children require prior to learning to read and
write. Many early literacy programs have ‘starting points’ beyond the prerequisite skills
measured in this study and make assumptions on the level of skill in this population.
For example, in First Steps – a Writing Developmental Continuum, the first stage of
writing referred to in the publication is ‘Role Play Writing’ including an awareness of
print, symbol meaning and being able to write letters (Western Australia Education
Department 1995).

Since the commencement of this research, there has been continued movement in
Australia towards developing an early childhood education framework (DEEWR 2010).
As stated at the beginning of the thesis, the author believes more detail is required in
the Early Years Learning Framework to acknowledge the developmental needs of
young children attending pre-compulsory and early years schooling and the need to
construct a curriculum specifically for this population, that is more than a diluted version
of the primary academic framework.

Determining skill levels of children early in their preschool experience through formal
and informal evidence-based assessments would provide guidelines for classroom
teachers on the needs of the individual and class cohort. Monitoring development
throughout the year would provide indicators of readiness for formal academic learning.

5.8.1 Follow-up Research
This study identified a number of critical skills required to learn to read and write.
Issues requiring further investigation were raised during the study that would continue
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to expand our understanding of classroom practice in relation to improving literacy
outcomes.

The process of acquiring prerequisite literacy skills in typically developing children is
broadly understood. Interventions for children at risk of literacy delay are however less
defined or evidence-based. Research into influential areas of cognitive functioning and
literacy acquisition such as working memory and processing speed are being
conducted that incorporate advances in neuro-imaging (for observing changes) and
computer science (for teaching/training) to develop evidence-based interventions
(Holmes, Gathercole & Dunning 2009). The implementation of findings from these
areas of research into classroom practice requires further investigation.

This study investigated prerequisite skills in mostly urban children. Investigation of
literacy prerequisite skills of remote Indigenous preschool children would be of interest
given their lower academic achievement (MCEECDYA 2010). Foundation skills
required to learn to read and write are expected to be similar across the country;
however, as many studies have shown, differences in environment and experience can
influence readiness for literacy acquisition and literacy outcomes.

5.9 Conclusion
The process of children becoming literate does not commence with teaching sounds
and shapes of letters of the alphabet. Learning to read and write is a culmination of
skills that commences when a baby first hears his or her mother’s voice. Enriching and
nurturing environments allow the child’s neurological system to mature through
integration of information from all senses. As they grow older, children learn to
communicate, develop motor coordination and body awareness, refine sensory
perception skills and understand concepts beyond concrete thought at more complex
levels.
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Children entering preschool are at a transition point, moving from knowing a concrete
world to being able to understand abstract concepts. Most children at this age are
becoming well versed in oral language. They are able to, and want to communicate.
Oral communication is an innate skill for humans, and as social animals is an important
skill to possess. Many children entering preschool are also aware from observation and
experience of the joy and power that reading and writing can bring, and are keen to be
taught the secrets of how to do this themselves.

This study was not undertaken to discourage teachers from teaching very young
children to become literate. Its aim was to highlight the multitude of skills that underpin
the ability to learn to read and write. Although naturally keen to learn, if children are
exposed to concepts that are beyond their capability and fail, this desire can be
dampened.

The majority of children in this study were average children with typically developing
skills. As was shown in the data, children did not have the same level of development
or competency across all skills. This diversity of skills, even within the individual child,
demonstrates the need for preschool programs to address all areas of prerequisite
skills for literacy to enable these foundations to be mastered by all children before they
are introduced to the exciting world of being literate.
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