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Abstract
In addition to motor learning to form letters, linguistic and cognitive demands quickly
increase for Western Australian students learning to handwrite in Year 1 and Year 2.
However, current handwriting assessment instruments focus mainly on the motor
learning demand and rarely incorporate the linguistic and cognitive demands of
handwriting tasks. As a consequence, when children are diagnosed as having
handwriting problems, the focus is invariably on the motor learning demand, even when
their difficulties arise from the linguistic and cognitive demands. The lack of an
assessment that takes into account these demands undervalues the contribution of
handwriting legiblity to early writing development. Three studies were undertaken. The
purpose of Study One was to construct an assessment instrument to measure
handwriting legibility that incorporated not only the motor demand, but also the
linguistic and cognitive demands. Three hierarchically ordered writing tasks of
increasing cognitive load, defined by task complexity, were devised. It was predicted
that increasing cognitive load would result in apparent deterioration of handwriting
performance. To validate the instrument, students in Year 1, Year 2 and Year 3 (n=417)
from private and government schools were recruited using a cross-sectional design.
Classroom teachers administered far-point copying, dictation, and composition tasks on
consecutive days at the end of first term. Handwriting legibility for each task was scored
by the researcher on six aspects of legibility using a marking rubric: letter formation,
size, space in word, space between words, line placement and slant. The rubric
demonstrated acceptable inter- and intra-rater reliability. The hypothesis of apparent
deteriorating performance as linguistic and cognitive demands were increased was
confirmed from a qualitative analysis, and a quantitative analysis using the Rasch
measurement model to validate the Handwriting Legibility Scale (HLS). It was shown
that the Rasch model accounts for the relative difficulty of copying, dictation and
composition tasks, and thereby permits a more accurate assessment of handwriting
legibility. In Study Two, a longitudinal study over two years, the Year 1 cohort
provided four data sets that were anchored on the item locations of the HLS, confirming
the validity of the scale and reliability of the marking key. A third study investigated the
relationship between legibility on the HLS and automaticity on the Alphabet Task for
Year 1 students. The findings suggest a trend from no relationship to a growing
relationship. The evidence that learning to write has significant linguistic and cognitive
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load demands, not known before, has important implications for teaching writing,
especially for those students who show difficulty in learning to write.
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Preface
How did I come to research the handwriting legibility of students who are still learning
to handwrite? It was not to develop another assessment to inform me whether students
have poor handwriting. Such assessments already exist and furthermore are rarely
utilised because they leave assessors asking “So what?”, without a way forward for
“Now what?” Most people, including teachers and parents, are able to make judgments
about handwriting legibility when students are learning to handwrite, yet may make
little use of this information to evaluate what it means for students‟ literacy
achievement. My aims and motivations for this study are set out in this preface.
My background is paediatric occupational therapy. Occupational therapy is predicated
on the belief that to be human is to do and that persons are agents in their own lives.
Intervention is directed toward enabling people to engage with what they want to do, or
need to do; we call that occupation. The occupational therapist seeks to understand what are the factors that support or constrain the dynamic interaction between person,
occupation and environment?
In Australia and Great Britain, in contrast to North America, occupational therapists are
mainly funded from health, rather than education budgets. There are indications that this
may change. The Australian National Inquiry into the Teaching of Literacy (NITL),
"identified a need for nationally consistent diagnostic screening tools to be developed
for use when children begin school to identify their development of auditory processing
capacity, speech and language, fine and gross motor coordination skills, letter
identification and letter-sound correspondences" (National Inquiry into the Teaching of
Literacy, 2005, p. 18). Schools, mainly those that are privately funded, contract
occupational therapists and speech pathologists to screen children for motor and
language difficulties. Students identified as having possible problems are referred to
community health or private therapy services. If warranted, students are referred to
services for behavioural optometry and central auditory processing disorder as
suggested by the NITL. Although, the divide between health and education service
provision is recognised as unfortunate and artificial, particularly with reference to
children between four to seven years of age, when it comes to written lanugage, health
and education services are not well integrated in Australia.
From the point of view of an early childhood educator, six prerequisite skills are
necessary for handwriting: (i) small muscle development; (ii) eye-hand
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coordination;(iii) ability to hold writing tools; (iv) capacity to make smooth circles and
lines; (v) letter perception; and (vi) orientation to printed language (Lamme, 1979).
With slight variation, these prerequisites continue to be cited today (Davis, 1996;
Curriculum Council Western Australia, 2005). From the point of view of an
occupational therapist, pre-requisite performance components necessary for students to
engage with handwriting include: (i) neuromuscular development, which take account
of motor control, bilateral integration, and core muscle stability; (ii) sensory
registration, integration and processing with adaptive behavioural and emotional
responses to sensation; (iii) visual perceptual skills and visual motor integration, which
involves copying pre-writing forms; (iv) gross and fine motor skills; and (v) attention
and self regulation (Amundson, 1996; Jenkinson, 2008). Problems with handwriting and
fine motor skills are common reasons for referrals to occupational therapists working
with children (Feder, 2000). I have had to re-examine many times how I approach
assessment and intervention to address these occupational problems depending on the
child‟s age, and where these problems present themselves.
Most children respond well to early intervention, provided by occupational therapists in
formal sessions. In addition, the occupational therapist reframes the child‟s behaviour
for parents, in order to highlight opportunities for diverse play and every day
experiences that parents can provide to promote the nominated pre-requisite skills for
handwriting mentioned above. By means of social and contingent responsive exchanges
between parent and child, attention to drawing and print activities increases. In
particular, younger children do well because intervention targets „all fronts of
development‟. Intervention is designed to encourage integration of contributing
components related to tool use and required print activity. In my experience, it is
becoming more common for children from four years of age to be referred to
occupational therapy if they cannot write their name independently. Literacy demands
have increased in the 21st century and more is expected at younger ages (Ferreiro,
2000).
Poor handwriting or inability to handwrite becomes a marker for referral as it is an
obvious performance deficit. Many children who present with handwriting difficulties
for occupational therapy intervention do not know the alphabet; yet, knowledge of the
alphabet has been found to be the most durable predictor of later literacy achievement
(Jones, Clark, & Reutzel, 2013). They are unable to recite the alphabet or when
requested to „say the alphabet‟ may begin to count instead. Others „sing‟ the alphabet
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with the middle letters, elmnop sung as one letter, or substitute /b/ for /v/, /x/ for /s/.
Some know only letter sounds, but no letter names. I began to reconsider the role of
handwriting in literacy acquisition. I questioned the efficacy of splitting literacy into
phonological awareness for the teacher, sensory motor components for the occupational
therapist (see Appendix A) and language development for the speech pathologists, as if
these domains can be considered separately.
Occupational therapy intervention for students once they are in Year 1 and Year 2
(generally between five to seven years of age in Western Australia) attends to
underlying performance components, but also pays more attention to direct instruction
of letter formations. With practice, handwriting legibility improves. When handwriting
problems are due to lack of instruction in forming letters, there is sufficient empirical
evidence to indicate that direct instruction and practice to mastery and independent
recall of letters generally remediates the problem (Hoy, 2011); my own experience
bears this out. However, handwriting difficulty is often not a unitary and isolated
writing disorder; rather, “the child‟s failure to transcribe is the tip of the iceberg”
(Hooper et al., 1994, p.401). Some students I treated copied prepared sentences and
took simple dictation to target practice letters in neat and legible handwriting, but their
teachers complained their handwriting was still messy when completing writing tasks
once they were back in the classroom.
These frustrating experiences started off a process which has resulted in this
dissertation. I concluded that a student can only be said to handwrite when they were
able to cope with the cognitive load of independently translating (speech) sounds to
letters in print within the context of classroom writing tasks. I wondered if it were
possible to examine handwriting differently, so as to better understand what happens to
handwriting legibility when students were required take dictation and generate text,
during the period they are learning to handwrite. Was it possible to devise a test that
could examine what happened to handwriting legibility under conditions of copying,
dictation and composition in Year 1 and Year 2, tasks that differ in terms of cognitive
load? Was it possible to construct an instrument to measure handwriting legibility?
These questions led me to collaborate with a colleague, a Year 1 teacher.
Prior to the present research, my colleague administered three handwriting tasks to her
Year 1 class during the period allocated for writing. The tasks she administered were: a
far-point copying task, The quick brown fox jumps over the lazy dog; a dictated
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sentence, The man and his dog go to the shop; and a composition topic, I like. Each task
was administered on a separate day. Using these handwriting samples, I compared pairs
of student handwriting by means of a global judgement of legibility; that is, the
handwriting of Student 1 was compared to Student 2, Student 3 and so on, through to
Student 25. Whichever script was better (more legible) was assigned a score of one.
Student 2 was then compared to Student 1, then Student 3 and so on, through to Student
25. The handwriting samples of all 25 students were compared using this procedure.
The procedure was repeated for the three tasks. The scores were totalled and students
ranked for each of the three tasks. In a separate calculation, the three scores from each
task were added. The teacher agreed with the assignment of high and low score ranking
for the separate tasks, but not for the students in the middle to low ranking. The middle
to low ranking of students varied according to task and varied again when scores for the
three tasks were totalled.
These findings appeared to support the idea that cognitive load affects handwriting
legibility when students are learning to handwrite. The extremes in handwriting
legibility in Year 1 classrooms were not difficult to identify, but some students
displayed considerable intra-variation in their capacity to handwrite legibly for one type
of writing task over another. I concluded that total handwriting scores were more
indicative of students‟ handwriting proficiency than separate scores for each task. To
this end, I trialled a number of rubric designs so that the three tasks could be scored on
legibility using the same rubric. The design that appeared to work best was incorporated
into Rubric HLS, the rubric used in the present research. I applied to the University of
Western Australia to commence doctoral study and the results of the studies undertaken
are presented in this dissertation.
I commenced this project because I was frustrated that students receiving occupational
therapy intervention could legibly copy text and take simple dictation that did not
generalise to legible handwriting for writing tasks in the classroom. What I have learnt
has changed my practice and encouraged dialogue and collaboration with my colleagues
in education. Handwriting is written language and what students know about
handwriting during the period they are learning to handwrite reflects what they know
about the entire system.
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Chapter One: Introduction
We know that educated people have better formed handwriting than uneducated
people. We know that most people who speed up their handwriting beyond a
certain point produce less legible handwriting. We know that the relationship
between intelligence and the quality of handwriting is zero. We know that
children in middle grades have more legible handwriting than they will as
adults. There is value in attempting a valid assessment of handwriting….we
must determine the level of legibility appropriate in modern life (Erlebacher &
Herrick, 1961, p. 89).

1.1 Intention and justification for the study
In general terms, my thesis is that cognitive load governs handwriting legibility when
students are learning to handwrite in Year 1 and Year 2. Task complexity increases
cognitive load (Beckmann, 2010) and classroom tasks such as copying from the board,
taking dictation, and composing text characterise a hierarchy of increasing complexity.
Consequently, in addition to motor learning to form letters, linguistic and cognitive
demands quickly increase. Handwriting legibility acts as a proxy for the assessment of
students‟ ability to integrate these overlapping component demands and is therefore
highly informative for educators and clinicians to design intervention. However,
assessment of handwriting legibility under conditions of increasing cognitive load for
students learning to handwrite is constrained by the lack of suitable instruments. The
primary aim of this study was to use the above thesis to construct an assessment
instrument (Handwriting Legibility Scale) to measure handwriting legibility using
writing tasks of copying (motor), dictation (linguistic), and composition (cognitive) for
Western Australian students in Year 1 and Year 2. If it could be constructed, it would in
turn provide support for the validity of the thesis. In order to study changes in aspects of
legibility, a secondary aim was to examine the growth of handwriting legibility of a
Year 1 student cohort from the beginning of Year 1 to the end of Year 2 using the
Handwriting Legibility Scale.
It may seem self-evident, but the question of „what is handwriting‟ attracts various
explanations. The following descriptions are drawn from the literature. Handwriting is:
basically a multi-component task (van Galen, 1991, p. 165); a linguistic act (Abbott &
Berninger, 1993, p. 503); a psychomotor skill that is developed by instruction (HamstraBletz & Blote, 1993, p. 689); a complex skill encompassing visual motor coordination,
cognitive and perceptual skills, as well as tactile and kinaesthetic sensitivities (Feder,
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Majnemer, & Synnes, 2000); a form of language production that like speech involves
different processing stages (Soler Vilageliu & Kandel, 2012, p. 152); a mechanical skill
(Rubin & Henderson, 1982); a complex human activity that appears to be an outward
manifestation of the individual‟s perceptual-motor abilities (Rosenblum, Weiss, &
Parush, 2003, p. 41); and a perceptual motor skill (Furner, 1969a, p. 1021). Motor,
cognitive, linguistic and perceptual systems are cited as contributing to handwriting and
these complex systems (Hooper et al., 2011) undoubtedly inter-relate dynamically.
Social factors as well as person factors influence handwriting (Vander Hart, Fitzpatrick,
& Cortesa, 2010). Numerous studies have reported home and school effects for
handwriting achievement (Coker, 2006; Dunsmuir & Blatchford, 2004; Fogo, 2009;
Graham et al., 2008; Medwell & Wray, 2010) and underscore the dynamic relationships
inherent in handwriting performance.
The reserach indicates that handwriting is important for learning to read and write.
Technical advances in neuroimaging have shown that neural activity following
handwriting practice by pre-literate children resembles adult reading circuits (James &
Engelhardt, 2012). Compared to typing, learning to write by hand remains superior to
encourage young students to: recognise letters (Longcamp, Zerbato-Poudou, & Velay,
2005); orientate letters correctly (Longcamp, Boucard, Gilhodes, & Velay, 2006);
engage in early spelling (Cunningham & Stanovich, 1990); and reading (Berninger,
Abbott, Abbott, Graham, & Richards, 2002). General writing ability at seven years is
strongly associated with handwriting proficiency (Dunsmuir & Blatchford, 2004).
Writing, reading and spelling development are integrally related (Bear, Invernizzi,
Templeton, & Johnston, 2008), and what students know about handwriting is related to
what they know about the general system of written language (Ferreiro & Teberosky,
1979).
Unfortunately, the debate about handwriting penmanship versus the handwriting
legibility required of older students obfuscates needed attention to the legibility
expected of younger students learning to handwrite, in Year 1 and Year 2. Legibility is
difficult to define but a number of aspects are consistently reported in the literature: (i)
letter formation; (ii) letter size; (iii) space between letters in a word; (iv) space between
words; (v) slant; and (vi) line placement (Blote & Hamstra-Bletz, 1991; Feldt, 1962;
Freeman, 1959; Graham & Weintraub, 1996). The definition of handwriting supplied by
De Ajuriaguerra and Auzias encapsulates a common understanding of legibility:
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(Hand)writing is graphic representation using conventional, systematic (more
or less), recognizable signs in a social framework where limits are imposed to
ensure that signs retain their values as a form of communication (de
Ajuriaguerra & Auzias, 1975, p. 312-313)
Legibility is related to conventions that must be mastered if writing that is handwritten,
is to be meaningful communication (Graves, 1983). Mastery of these conventions has
been linked to automaticity, that is, the ability to independently recall letter forms
(Berninger, Mizokawa, & Bragg, 1991; Jones & Christensen, 1999; McCutchen, 1988;
Medwell, Strand, & Wray, 2007). In the research literature, automaticity is assessed by
the number of letters handwritten in lower case and in alphabetical order, within a
defined time limit, usually for 15 or 60 seconds and is described as the alphabet task or
orthographic motor integration (Berninger et al., 1992; Medwell & Wray, 2010).
Automaticity is considered a lower order skill that by reducing cognitive load, allows
more concentration on higher order processes for text generation (McCutchen, 2000). A
third aim of the present research was to investigate how well automaticity is aligned
with handwriting legibility for Year 1 students, which to date has not received much
attention in the literature.
The vast majority of typically developing students learn to handwrite competently by
the age of six or seven years, despite instructional differences (Rosenblum et al., 2003).
However, handwriting difficulties persist for between 10–34% of students and studies
have shown that some poor writers demonstrate little improvement with maturity
(Hamstra-Bletz & Blote, 1993; Katusic, Colligan, Weaver, & Barbaresi, 2009).
Primarily because writing and mathematical notation are by far the most utilised tools to
assess student learning in school (Berninger, Fuller, & Whitaker, 1996; Graham,
MacArthur, & Fitzgerald, 2007; Medwell & Wray, 2007), poor handwriting impacts
academic performance and achievement (Berninger et al., 1997; Graham, Harris, &
Fink, 2000; Jones & Christensen, 1999; Rosenblum et al., 2003). Writing problems are
the greatest source of referral to remedial educators and specialist services, together
with reading difficulties (Cahill, 2009). For the reason that children often do not
outgrow their problems without intervention (Graham & Harris, 2005; Mojet, 1991;
Smits-Engelsman, Schoemaker, van Galen, & Michels, 1996), the literature supports
early remediation of handwriting difficulties. The lack of an assessment for legibility
when students are learning to handwrite limits an understanding of how handwriting
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contributes to literacy development, what interventions may be best and whether such
interventions are efficacious.

1.2 The conceptual framework
...a theory of acquisition and performance is needed before and during item
design (Glaser, Lesgold, & Lajoie, 1987, p. 42)
When students are learning to handwrite, I argue that handwriting cannot be viewed in
isolation from written language. In this study, written language is taken to be
synonymous with literacy, and the definition of literacy is restricted to writing and
reading. My premise is that handwriting is written language. The following
assumptions are based on this premise. The first assumption is that written language is a
body of knowledge that is both structure (Ferreiro & Teberosky, 1979; McVee,
Dunsmore, & Gavelek, 2005) and process (Hayes, 2006). Structure is a conceptual
construct that refers to what children know; it is taken for granted that capacity for
getting to know is already present at birth. By the means of (cognitive) process, causal
linking or functional connections between these structures occur in real time (van Geert
& Steenbeek, 2005). The second assumption is that learning occurs by means of
dynamic processes between and within structures, which in turn changes structure
(Rose, Feldman, Jankowski, & Van Rossem, 2012). The third assumption is that the
child and their environments are dynamically coupled systems. Environments include
both extra- and intra-familial contexts (Bronfenbrenner, 1986). By means of dynamic
iterative processes, the child actively transforms their experience in the world to
construct knowledge and the environment actively initiates these critical processes in
the child. The fourth assumption is that depending on the nature of these dynamic
systems and processes, developmental change is either facilitated or restricted (van
Geert, 1993). In this context, handwriting legibility acts as a proxy for the dynamic
relationship between written language as structure and written language as process
when students are learning to handwrite.
According to Glaser (1987), the design of any assessment should be informed by a
theory of acquisition and a theory of performance specific to the construct of interest.
This study does not claim to generate new theory; however, it does adopt a theoretical
perspective for acquisition and performance that will be argued from the literature. The
theoretical perspective for acquisition is that structure for written language is
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constructed over a long period of time. Structure and processes for written language are
dynamically related. From the first moments of perceiving sound, the building blocks of
structure for written language are present. The theoretical perspective for performance
is that cognitive load governs legibility when students are learning to handwrite.
Legibility under different levels of writing complexity (copying, dictation and
composition) depends on the integration of several systems that become effective by
instruction and learning (de Ajuriaguerra & Auzias, 1975). To test this proposition, the
study drew on cognitive load theory, which assumes a cognitive architecture of long
term memory and working memory (Sweller, 1994). In cognitive load theory, working
memory is synonymous with cognitive load and intrinsic cognitive load can be
manipulated by task complexity (Beckmann, 2010; Sweller, Ayres, & Kalyuga, 2011).
Three handwriting tasks, defined by dimensions of task complexity (Wood, 1986),
constituted the test to assess handwriting legibility.
Performance assessment of learning under conditions of increasing cognitive load,
manifestly reveal the latent dynamics between written language as structure and
process. Without a ruler or measurement for handwriting legibility, it would be difficult
to quantitatively model the effects of cognitive load on handwriting legibility. The
requirements for measurement include: (i) the definition of one construct unidimensionality; (ii) reliable and consistent results; (ii) a linear scale; and (iii) a scale
independent of the persons used to obtain it (Bond & Fox, 2001; Michell, 1999; Wright
& Stone, 1999). To comply with these requirements, in this study the Rasch
measurement model was used to analyse data (Rasch, 1960; Wolfe & Smith, 2007).
Figure 1-1 is a diagrammatic representation of the conceptual framework that informed
the research (WL=written language; CL=cognitive load). There are four sections in the
framework. The first section is concerned with a theoretical perspective for written
language acquisition. Supportive evidence from the research literature for written
language as structure and written language process is presented in Chapter Three. The
second section is concerned with a theoretical perspective for performance related to
handwriting legibility and is expanded in Chapter Four. The third section is concerned
with a theoretical perspective of measurement, which links acquisition and
performance, and is presented in Chapter Five. The fourth section is concerned with
evaluation of results obtained from measurement with a feedback loop back into
acquisition, and is discussed in Chapter Nine. In this study, evaluation is not
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synonymous with assessment (Gullo, 2005). Evaluation is a reflective judgement of
both quantitative measurement and qualitative information. Teacher evaluation forms
part of a reflective cycle that dynamically feeds back into re-appraising written
language structures and processes of individual students. The iterative processes of
acquisition, performance, measurement, and evaluation are dynamic principles that
progress change in, and growth of, literacy learning based on previous learning (van
Geert & Steenbeek, 2005).
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Figure 1-1: Conceptual Framework for the present research
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1.3 Definitions of terms
The term literacy has expanded to include multiliteracies (Australian Curriculum
Assessment and Reporting Authority, 2011b), but throughout this study literacy will
refer simply to reading and writing. Handwriting is distinguished from writing in that it
is a means by which writing is recorded. Composition and text generation are used
synonymously and both terms are subsumed under written expression.
The study recruited typically developing children to assess handwriting legibility in
Year 1 and Year 2. Typically developing children are those who do not have
developmental disorders, or developmental concerns beyond the common sense concern
of monitoring their developmental progress. Typical children follow expected sequences
of development.
Different terminology for school institutions in the United States of America (USA), the
United Kingdom (UK), and Australia exist in the literature and are potentially
confusing. For example, in the USA kindergarten refers to the school year immediately
prior to grade one, whereas in Western Australia kindergarten refers to the school year,
two years prior to grade one. To avoid confusion, age upon entry to nominated
institutions is as follows. Preschool will refer to children from age three and before five
years, kindergarten refers to children aged from age five and before six years. The terms
Year 1 or Grade 1 are used as they are reported in the literature. The terms are
synonymous and both refer to students from age six and before seven years. Prior to
Year 1, the term children is used; student is reserved for Year 1 and beyond. Teacher
and educator are terms used interchangeably in this study. See Appendix B for school
starting age in Australian states.
Copying in this dissertation refers to far-point copying.

1.4 The focus of the research
The questions that the research seeks to answer are:
1. Is it possible to construct a valid and reliable instrument based on cognitive load
theory to measure the handwriting legibility of Western Australian students in
Year 1 and Year 2?
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2. What are the effects of cognitive load on handwriting legibility for students in
Year 1 and Year 2?
3. How do the aspects of legibility (letter formation, letter size, space in word,
space between words, line placement, slant) differentiate handwriting in Year 1
and Year 2?
4. What is the relationship between automaticity and handwriting legibility in Year
1 as assessed by the instrument to measure legibility?
5. How does the nature of letter formation error change from Year 1 to Year 2 in
the alphabet task?
The research was conducted by means of three studies. The aim of Study One was to
construct a reliable and valid assessment instrument to measure handwriting legibility in
Year 1 and Year 2, under writing conditions of increasing cognitive load (research
questions 1 and 2). The aim of Study Two was to examine growth of handwriting
legibility of a Year 1 cohort of students from the beginning of Year 1 to the end of Year
2 using this instrument (research question 3). The aim of Study Three was to examine
the relationship between automaticity and handwriting legibility in Year 1 (research
question 4). The nature of errors for letter formation in the alphabet task from Year 1 to
Year 2 was also explored (research question 5).
In Study One, it was hypothesised that:


The items for handwriting legibility in Year 1 and Year 2 will fit
the Rasch model;



Increased cognitive load will lead to a decrease in handwriting
legibility;



Gender differences in handwriting legibility might exist;



Differences in handwriting legibility might exist, dependent upon
school type - government or private school;



Differences between left and right handed students may exist for
handwriting legibility.

In Study Two, it was hypothesised that:


The growth of handwriting legibility for the Year 1 cohort will
conform to the Handwriting Legibility Scale constructed in Study
One;
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Students will display the most improvement in the first year of
schooling with less but continuing improvement in their second
year.

In Study Three it was hypothesised that:


A moderate relationship between handwriting legibility and
automaticity exists;



There will be an increase in automaticity for Year 1 students
graduated to Year 2;



Letter formation errors will decrease for Year 1 students
graduated to Year 2.

Whether or not these hypotheses were justified is addressed at the conclusion of each
study.

1.5 Delimitations
The age of the students was chosen to reflect the period, Year 1 and Year 2, when most
students learn to become conventional handwriters. Handwriting beyond Year 2 was not
assessed.
The administered test for handwriting included copying, dictation and composition
tasks. Responses were examined for legibility only; spelling, quality or structure of
generated text was not examined. Handwriting speed was not assessed as the target
group were learning to handwrite. For students who can handwrite, a different
assessment instrument may be required to measure handwriting speed.
The literature is confined to research conducted in industrialised countries with a literate
tradition, in the main, those of Anglo-Saxon heritage.

1.6 Limitations
Students‟ lack of motivation, fatigue and mood may have affected how diligently they
followed instructions and performed the required handwriting tasks. To mitigate this,
tasks were administered on consecutive days.
The handwriting test was administered by classroom teachers. Standard instructions for
administration were issued to teachers, but individual interpretation may have occurred.
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1.7 Originality
This study builds on previous research into handwriting and written expression
(Berninger et al., 1991; Coker, 2006; Dunsmuir & Blatchford, 2004; Graham,
Berninger, Abbott, Abbott, & Whitaker, 1997; Hamstra-Bletz & Blote, 1993; Medwell
et al., 2007). Learning to handwrite is integral to writing development. Near-point
copying and the alphabet task are common tasks to assess handwriting (Berninger et al.,
1991; Hamstra-Bletz & Blote, 1990), but to date no assessment has used writing tasks
of increasing complexity scored on the same legibility criteria to construct a linear
unidimensional scale. Previous research used classical test theory to analyse data, but I
present a point of departure from previous work to construct a measure in that the Rasch
measurement model was used to analyse the data and help construct a valid instrument
to measure the handwriting legibility of students who are learning to handwrite in Year
1 and Year 2.

1.8 Significance of the study
Poor handwriting legibility is often assumed to be due to weak fine motor skills, but less
often assumed to reflect poor construction and processing of literacy concepts. Weak
fine motor skills may be a contributing factor but, “handwriting is fundamentally a
linguistic act” (Abbott & Berninger, 1993, p. 503). Therefore, handwriting complements
literacy assessment when students are learning to read and write. Judicious assessment
and evaluation identify gaps in literacy development that need to be addressed. Early,
informed, differentiated and targeted intervention improves literacy outcomes
(Berninger et al., 1997; Juel & Minden-Cupp, 1999).
This study is significant because it addresses the lack of a suitable assessment
instrument to measure handwriting legibility, under task conditions of increasing
cognitive load, when students are learning to handwrite. It expands the role of
handwriting legibility to that of an evaluation tool for early literacy achievement.
Fundamental to becoming a handwriter in any meaningful sense is an understanding of
the alphabetic principle; that is, to understand that letters are symbols that represent the
sounds of language in a systematic way that can be sequenced from left to right to form
words (Bear et al., 2008). At the same time, students need to reproduce motorically
letters singularly and serially according to environmental conventions for the symbol.
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Motor, linguistic, and cognitive structures and processes converge to make this possible.
Increasing cognitive load by making writing tasks more complex, such as copying,
dictation and composition, are perturbations that expose the effectiveness of this
convergence.
In the absence of additional cognitive load required by writing tasks, students also need
to be able to recall and form letters independently or automatically. The mastery of
motoric reproduction for conventional alphabet symbols requires practice and feedback.
The relationship between automaticity and legibility when students are learning to
handwrite needs further investigation. The alphabet task, which entails writing out the
letters of the alphabet independently under timed conditions, will be adopted to study
this relationship.
The following chapter presents some previous approaches to handwriting research as
background to the study and provides the context in which the present research takes
place.
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Chapter Two: Background and Context
How important is handwriting? It is very important. (Ediger, 2002, p. 103)
This chapter is divided into three sections. The first section briefly covers theories that
have influenced pedagogical trends related to language acquisition, development, and
learning as background for understanding the value assigned, or not, to handwriting.
The second section follows with a brief summary of handwriting research in the 20th
century. The third section introduces the context for the present research from global,
national and local perspectives.

2.1 Beginnings and progressions
Theories, research, fads and fashions have influenced when and how children are
introduced to written language. In particular, theories of language acquisition have
directly or indirectly influenced literacy pedagogy. In the 1930s, B.F. Skinner
introduced the concept of operant conditioning, based on his research findings that
humans tended to repeat responses when behaviour was followed by favourable
consequences (Weiten, 1989). Language was thought to be acquired as a set of habits by
means of operant conditioning that included modelling and imitation, rewards, practice,
and feedback. According to behavioural theory, the environment entirely governed
language acquisition. As a theory for acquiring language, behaviourism is no longer
supported as sufficient to explain language acquisition. Nevertheless, the use of gesture
to give emphasis to speech, repetition of nursery rhymes to sensitise children to
phonological properties and instruction in social phrases such as „please‟ and „thank
you‟, all reflect behaviourist principles.
The behaviourist view was rejected by the linguist Noam Chomsky who presented the
nativist perspective. Chomsky claimed humans were „hard wired‟ to learn language and
possessed „universal grammar‟ or rules that permitted the generation of novel language.
The hard-wired language acquisition device (LAD) was claimed to be innate and unique
to humans (Chomsky, 1968). Jerome Bruner extended the LAD to LASS, the Language
Acquisition Support System. Bruner believed that children needed affective reciprocal
relationships to support the expression of the LAD (Bruner, 1983). Ongoing research
confirmed humans born into socially responsive environments have a capacity for
language that appears innate, but no cross-linguistic study has found evidence for a
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universal grammar (Bates, Devescovi, & Wulfeck, 2001). Nevertheless, some
psycholinguistic universals have emerged from comparative studies. For example: (i)
the average onset of word comprehension (8-10 months) and word production (11-13
months) appears to be the same regardless of language; and, (ii) presentation and
variation in lexical growth is analogous across languages, ranging from no words to
more than 500 words produced at 24 months (Bates et al., 2001).
Theories of development have also influenced literacy pedagogy, most notably those of
Piaget and Vygotsky. They emphasized the semiotic function of language as a symbolic
system to represent inner and external reality. As well as oral speech, language for these
theorists included gesture (Piaget & Inhelder, 1969, p. 54) and inner speech (thought)
(Vygotsky, 1978, p.26). Despite appeals to understand psychological and social
construction as interacting with each other (Glassman, 1994; van Geert, 1998b), a major
point of difference for educators has been whether language is psychologically
constructed by the individual (Piaget & Inhelder, 1969) or socially constructed through
interaction with others (Vygotsky, 1978). Two main orientations of literacy pedagogy
emerged mid-20th century: the cognitivist or developmental constructivism approach,
this includes Piaget (Bredekamp, 1987) and the sociocultural or social constructivism
approach, this includes Vygotsky (Fleer, 1995). The cognitivist approach supported
what was known as developmentally appropriate practice in childhood education
settings. The child was expected to discover knowledge through play and interaction
with materials aligned with so-called stages of development (Bredekamp, 1987; Copple
& Bredekamp, 2009). Considerable variation for when and how children acquired
language, both oral and written, led some educators to question the validity of stages of
development as prerequisites for introducing new learning (Sulzby, 1986). In addition, a
sociocultural perspective was supported by previous studies of children from
disadvantaged backgrounds highlighting the influence of social milieu on children‟s
language development (Snow, 1972). The role of the environment gained importance to
inform the view that language knowledge was primarily socially constructed (Freebody
& Luke, 1990). Sociocultural theories dominated writing research in the last decade of
the 20th century and into the 21st century (Prior, 2006).
Research into the development of oral language segued into an appreciation that written
language development occurred at the same time. Emergent literacy was adopted as a
term to explain the perspective that “we are now „seeing‟ reading in toddlers‟
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explorations with picture books and „seeing‟ writing in their scribbles” (Teale & Sulzby,
1986, p. viii). The importance of the environment to expose children to literacy
practices was reinforced and reliance on „maturational readiness‟ to learn to read and
write was eschewed. Previously, reading and writing instruction was delayed until
children had attained the mental age of around six years, about the time they started
formal school (Teale & Sulzby, 1986), but the relevance of waiting to introduce reading
and writing instruction began to be questioned. It was argued that print rich
environments cued children to print and the purposes of print long before formal
instruction commenced (Goodman, 1986). The first translation of Vygotsky‟s Thought
and Language appeared in 1962 and resonated with emergent literacy ideas.
In the main, contributors to the book Emergent Literacy (Teale & Sulzby, 1986)
supported a social constructivist understanding of literacy development. However,
contributor Ferreiro stressed that individual construction of written language should also
be emphasized. Based on previous research, she proposed that in order for children to
register and understand written language in social practice, they must transform it first.
Furthermore, she argued that understanding social conventions for letter and number
symbols was developmentally ordered (Ferreiro, 1986).
Thinking about language acquisition and early development of literacy concepts
influenced ideas about how to teach reading and writing. The philosophy of whole
language (Cambourne & Turbill, 1990) that was based on the assumption that children
acquired written language as naturally as they learnt to speak, became commonplace
amongst primary educators despite lack of empirical research (Liberman & Liberman,
1991). Reading and writing were regarded to be socially meaningful activities that were
acquired through immersion in print rich environments. Examining whole texts in
context before paying attention to its components was promoted (Liberman &
Liberman, 1991). However, even in the 1980s, studies comparing children who did
read and write with those who did not (between 15-25%), consistently found that
phonological awareness, which is the ability to distinguish language sounds, was
integral to reading success (Wagner & Torgesen, 1987). Based on this research, direct
instruction to explain the relationship between sounds and print letters (phonics) was
advocated. In addition, it was thought that initial phonics instruction was best taught out
of context, hence synthetic phonics. Such a change in emphasis did not affect effective
teachers who combined whole language approaches and synthetic phonics to teach
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reading and writing (Gunderson & Jon, 1988). For other educators, ideas about teaching
reading polarised into the „reading wars‟ (Nicholson & Tunmer, 2010; Snyder, 2008).
There were no „writing wars‟ because the perspectives of emergent literacy and whole
language supporting the positive effects of early exposure to print, context and meaning
were absorbed into the „writing process‟ movement. Children‟s early writing behaviours
were seen as evidence of their literacy development, and „writing‟ continued to be
liberally interpreted at school entry (Graves, 1983). In many settings, direct instruction
in letter formations was less important than generating ideas as text because the
composition-led view of writing had little to say about handwriting (Medwell & Wray,
2010, p. 194). Tension was created between the need to allow free expression versus
directed attention to correct letter formations. In the USA, a comparative study of Grade
4 to Grade 8 students examined the longer term effects of the whole language approach
(Goldberg & Simner, 1999). Students were required to handwrite dictation under two
conditions, a best sample and usual sample. Legibility was scored by the normreferenced Test of Legible Handwriting (TOLH) developed by Larsen and Hammill
(1989). Handwriting speed was assessed by copying a pangram for three minutes.
Significant effects for handwriting instruction were found between the two matched
groups: direct instruction (n=44) and whole language approach (n=44). Recipients of
direct instruction produced more words per minute under speed conditions and achieved
higher scores on legibility than did recipients of the whole language approach. Even so,
researchers noted that, regardless of the type of instruction to which students had been
exposed, all could improve handwriting legibility (Goldberg & Simner, 1999). Despite
the lack of „writing wars‟, there were educators and researchers concerned with
handwriting because handwriting performance was ubiquitous in classrooms.

2.2 Handwriting research in the 20th century
The following section summarises review articles of handwriting research conducted
from around 1960s to the end of 1990s (Askov, Otto, & Askov, 1970; Dobbie & Askov,
1995; Graham & Weintraub, 1996; Peck, Askov, & Fairchild, 1980). Topics covered in
handwriting research were instruction, evaluation, handwriting speed, and ergonomics.

2.2.1 Handwriting instruction
Commercial handwriting books with tracing and copying exercises were widespread in
the early half of the 20th century in the United States of America (USA), but since
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freehand handwriting was considered to be too difficult, it was not uncommon for
educators to manually guide younger children to handwrite (Askov et al., 1970). A
survey of instructional practices in USA schools (n=600) revealed that 98% of teachers
taught handwriting, but only 9% had received pre-service training for handwriting
instruction (Askov et al., 1970). Most schools reported handwriting as a separate subject
and lessons were scheduled for approximately 15-20 minutes, five times a week in
Grades 1-4 and three times a week in Grades 5-8. However, over the next decade, time
allocated to handwriting instruction decreased to 11-15 minutes per lesson and teachers
were less insistent upon teaching handwriting every day (Peck et al., 1980). In the
United Kingdom (UK), researchers were struck by the amount of variation in
instructional practices amongst Grade 3 teachers based on survey data. There was no
consensus on how often or how long handwriting lessons should occur, although
teachers indicated more agreement regarding which script should be taught, but it was
unclear why this should be so (Rubin & Henderson, 1982). In summary, considerable
variation in handwriting instruction practices was prevalent and little consensus
appeared forthcoming.
Debate surrounding letter formations led to research into copying and tracing. Copying
was found to be superior to tracing (Askov & Greff, 1975), but verbal cues combined
with demonstration and teacher feedback, especially for difficult letters, was better than
copying (Sovik, 1976). Students in kindergarten made the most gains with rule-based
instruction, but in Grade 1, self evaluation improved handwriting (Peck et al., 1980).
Primarily regarded as a motor action, advances in research in the areas of neurology and
perception changed the view of handwriting for some researchers. The perceptual motor
approach to handwriting (Furner, 1969a) represented a departure from drills in letter
formation to coordinate handwriting instruction with perceptual motor development. An
understanding of handwriting was extended to include both motor and cognitive
processes (Ellis, 1982). Advances in computer technology and digital recording devices
to test theories of information processing related to handwriting led to the psychomotor
model of handwriting, which is discussed in more detail in the following chapter (van
Galen, 1991).
Whether lower or upper case (capital letters) should be introduced first was also a
subject of research. Upper case was found to be easier than lower case for students in
Kindergarten up to Grade 3 and it was recommended that upper case should be
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introduced first (Dobbie & Askov, 1995). The issue of which handwriting script to
promote was also a matter of concern. A study comparing ball and stick print, cursive,
italic and D‟Nealian script found that cursive script, with entry and exit strokes, was the
most difficult for children learning to handwrite. Near the end 1980s, no consensus had
been reached regarding the best method of instruction, which script to adopt, or what
order to introduce lower or upper case letters (Dobbie & Askov, 1995).
The notion of writing disability, distinct from reading disability, gained traction and
prompted a program of research based on a theoretical framework of multiple
constraints on writing development. Analytically teasing apart these constraints was
justified on the premise that it would lead to remediation of component processes,
resolving their inadequate integration that was required for skilled writing (Berninger et
al., 1991). Handwriting was linked to written expression as a lower-order process to
support higher order processes for generating text (Berninger et al., 1992). Bottom-up,
reductionist analysis of performance components also informed occupational therapy
approaches to assessment and intervention for handwriting (Bonney, 1992). This was
unfortunate because “handwriting cannot be understood independent of its connection
to the linguistic aspects of writing or discourse production” (Graham & Weintraub,
1996, p. 14).

2.2.2 Handwriting evaluation
Handwriting scales to evaluate handwriting appeared early in the 20th century (Ayres,
1912; Thorndike, 1912), but there was dissatisfaction with their utility to determine
handwriting competence and inform instruction. Instead, most teachers assigned grades
for handwriting based on professional judgement (Peck et al., 1980). Although letter
formation was the most frequently cited criterion for handwriting, it was considered a
drawback that one scale was unable to accommodate all possible permutations of types
of handwriting. Despite numerous attempts to develop separate scales for print and
cursive script (Askov et al., 1970), the development of a suitable handwriting scale was
hampered by different conceptualisations of the handwriting construct, expected level of
student competence, writing assignments and rater variability (Graham, 1986).
Norm-referenced handwriting assessments using both global and analytic approaches
began to appear in the latter half of the century (see Appendix C). An example of the
global approach, was the Test of Legible Handwriting, developed by Larsen and
Hammill (1989) to assess handwriting legibility based on comparison of nine
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composition samples from Grade 2 to Grade 12, but the test provided little insight into
what was actually being measured (Graham & Weintraub, 1996). An example of the
analytic approach was the Children‟s Handwriting Evaluation Scales, which was
published in 1984 by Phelps and Stempel and based on a two minute copying task
assigning points on a 5-point scale for letter formation, slant, rhythm, spacing and
general appearance. Despite the fact that the reliability of these assessments was
generally acceptable, their validity was questioned (Graham & Weintraub, 1996). By
the end of the 20th century, formal handwriting assessments were used mainly for
purposes of research with limited utility in education.

2.2.3 Handwriting speed
Inspection of adult handwriting led to the conclusion that people with legible
handwriting tended to write faster, although intentionally increasing handwriting speed
adversely affected legibility (Thorndike, 1912). Studies confirmed that writing slowly
produced more legible handwriting (Askov et al., 1970). Norm-referenced handwriting
speed tests for primary students used copying tasks. Students copied a pangram
sentence for a period up to three minutes and their score calculated on letters per minute
(Wallen, Booney, & Lennox, 1996). It is questionable whether copying tasks really
capture authentic handwriting speed. Copying does not take into account the cognitive
and linguistic complexity inherent in the writing tasks administered in many
classrooms.
One study examined the influence of syntactic complexity on handwriting speed. Sixty
college students, identified as either fast or slow handwriters, were enrolled in one of
two classes: basic writing or a traditional college writing course. All were assigned a
persuasive essay. Those in the basic writing course produced fewer syntactic structures
and were slower at handwriting. The researcher concluded that college students should
be encouraged to write their drafts rapidly because lack of speed made no difference to
syntactic fluency (McAndrew, 1990 cited in Dobbie and Askov 1995). In the context of
the present research, an alternative interpretation is that devising complex syntactic
structures to write a persuasive essay represented cognitive load, which negatively
impacted handwriting speed. In that case, encouraging students to handwrite faster
would have no effect on improving the quality of generated text.
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2.2.4 Handwriting ergonomics
Classroom furniture changed considerably over the 20th century from sloped desks to
flat table tops and from individual desks to tables for two students, but few studies were
conducted on ergonomic design for handwriting (Askov et al., 1970). Students between
five and six years demonstrated considerable variation in their writing posture, writing
movements and pencil grips during handwriting (Blote, Zielstra, & Zoetewey, 1987;
Hildreth, 1932), which may have complicated a suitable study design. Many studies
focused on handedness, but found no differences between left and right handed students
after they had learnt to handwrite; the recommendation was to abandon this area of
research (Dobbie & Askov, 1995). Longitudinal studies found grip patterns for holding
the pencil related more to neurological development and individual maturation than to
instruction (Schneck & Henderson, 1990). Callewaert (1963) described a modified
pencil grip that was easily adopted by college students under research conditions and
proved superior for some students. The Callewaert grip rests the pencil between index
and middle finger to oppose the thumb; it is rarely mentioned today as an alternative
handwriting grip except in remedial contexts.
Handwriting research in the 20th century emphasized the handwritten product;
consideration of process began to be more prominent toward the end of the century.
This concludes the background to the study. The following section presents the
international, national and local contexts in which the study resides.

2.3 Education in the 21st century
In Western European, including Anglo-Saxon, countries, traditional means of
productivity have diminished with innovations in technology, increased efficiencies in
food production, and cheap off-shore manufacture costs. Productivity gains are now
sought through a knowledge economy where knowledge is the product. Education is an
economic investment in human capital to generate innovation and productivity and
countries compete for the most educated, most skilled, and best trained workforce to
effectively adapt to a rapidly changing world (Sahlberg, 2006). Nations involved in the
global economy scrutinise their national education agendas and performance results of
their students looking for a competitive edge. In response, an international testing
program (OECD Program for International Student Assessment - PISA) was
commenced in 2000. Reading, mathematics, and science are surveyed amongst 15 year
old students every three years and participating industrialised countries are ranked
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(www.pisa.oecd.org). Despite rising standards in general, evidence suggests there is an
increasing polarisation of academic achievement. More students are failing, at the same
time more students are achieving high scores to access tertiary education. Historically,
access to good quality education has been an important avenue for social mobility, but
discrepant literacy rates in the USA (Salahu-Din, Persky, & Miller, 2008) the United
Kingdom (UK) (J. Rose, 2006), and Australia (Masters & Forster, 1997) are increasing,
which may necessitate intervention from specialists outside the school. Underachieving
students may become an underclass of citizens with few employable skills; therefore,
providing equitable literacy achievement has become a major focus for governments.
Writing problems are often not addressed until they emerge when curriculum writing
requirements increase, usually not before Grade 3 (Berninger, Vaughan et al., 2002).
Written language disorder is rarely diagnosed in Australian students and no
epidemiology studies of written language disorders in Australia have been reported, but
a recent USA based epidemiological study of written-language disorder (WLD)
demonstrated that it is at least as prevalent as reading disabilities and more common in
boys (Katusic et al., 2009). The study, conducted in Rochester, Minnesota (Rochester
Epidemiology Project) accessed a population-based retrospective birth cohort that
included 5718 children born from 1976 to 1982. In epidemiology, cumulative incidence
rates are used as an indicator of risk; in this case, the probability that students would
receive a diagnosis of WLD. Students at risk of learning problems were identified by
two means. Firstly, education records at five years were examined for any indication of
learning or behavioural problems by formal testing or concern expressed by teachers
and/or involved professionals (n=1961). Students with mental retardation were excluded
from the study. Secondly, medical records were accessed to retrieve medical, social, and
education data. Of the 1961 students, 1366 were identified as having learning problems.
A review was conducted of the remaining students‟ records (n=3757) as a cross check
for incidence of learning problems, and additional students were identified (n=143). All
1509 students (26% of the cohort population) had individually administered cognitive
ability (IQ) and achievement tests available for inspection.
To meet the criteria for WLD according to the Diagnostic and Statistical Manual of
Mental Disorders 4th Edition (DSM-IV), poor writing performance must be present
despite normal intelligence so writing performance and cognitive ability scores were
paired for each calendar year. These pairings were subjected to three psychometric
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procedures to elicit identification of WLD: regression (standard score in written
expression greater than -1.75 standard deviations below predicted standard score of
cognitive ability); discrepancy (difference between age-based standard scores and
students‟ individually administered cognitive ability scores); and low achievement
(cognitive ability scored at or above 80 but achievement scored at or below 90) (Katusic
et al., 2009). Different cumulative incidence rates were generated dependent upon the
procedure: 6.9% using regression, 10.4 % using discrepancy, and 14.9% using low
achievement, in all cases boys demonstrating a higher incidence (two to three times
more likely to have WLD). Information from Individual Education Plans (IEPs) was
aligned to the four specific writing difficulties listed in the DSM-IV and the following
profiles identified: 69% had any combination of four specific writing difficulties, which
included handwriting; 4.5% had handwriting only; 13.5% had spelling only; and 13%
were identified as having writing difficulties as recorded on their IEP, but there was not
enough detail to aligned with the DSM-IV specific difficulties. In other words, 63.5% of
students with writing difficulty had problems with handwriting. According to Katusic et
al., 2009, these incidence rates indicate WLD is as prevalent as reading disorder (RD)
and "it is remarkable that the relationship between WLD and RD has not been well
investigated" (p.1311).
In the main, Anglo-Saxon countries have demonstrated a similar approach to education
reforms. In 1997, the UK introduced the “education revolution” and instated the
National Literacy Hour (Wyse, 2003). In 2001, the USA government passed the “No
Child Left Behind” act into legislation (Gullo, 2005). The education revolution
announced in Australia in 2007 by the incoming government emulated action taken in
the USA and UK. Education reform based on “centrally prescribed curricular, learning
and assessment standards monitored through intensive assessment and testing”
(Sahlberg, 2006) had been foreshadowed. Students are expected to attend school for
longer and start earlier than was previously the case, in order to gain a competitive
advantage over other nations of the global economy. In part, this has been driven by
advances in neuroscience and economic modelling that have increased attention to the
early years of life (Heckman, 2000).
Neuroscience research and longitudinal studies confirm what happens in the early years
has consequences for adult health and wellbeing (Shonkoff & Phillips, 2000). Direct
involvement in children's development by early childhood professionals from birth to
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six years is advocated as best practice (Fisher, 2012; Talay-Ongan, 2000). Public health
programs have particularly targeted early intervention for children from birth to three
years of age (Marshall & Craft, 2000). Investing in the early years has become an
economic imperative. Economic modelling shows that money spent in reducing
disadvantage in early childhood produces greater societal dividends than money spent
on remediation in adolescence and adulthood (Heckmann, 2008).

2.3.1 International trends: Targeting pre-school education and
school readiness
The problem is not that schools are increasingly failing to teach children
literacy skills. The problem is that the societal demands for literacy are
increasing (Lonigan, 2006, p. 92)
In Western European and Anglo-Saxon countries, the shift of emphasis from child care
to education for children from three years of age has occurred in a social milieu of
family mobility, working mothers, social inequity, and economic concern for future
human capital (Adamson, 2008). Head Start was introduced in 1965 in the USA to
boost the school readiness of children from low-income families. The program was
revised and reauthorized in 1998 (U.S. Department of Health and Human Services,
2010). Universal pre-kindergarten programs for four year old children are becoming
standard provision across the USA (Invernizzi, Landrum, Teichman, & Townsend,
2010). The Sure Start initiative introduced in the UK in 1997 provides children from
three to five years access to pre-school education and implemented in local authority
day nurseries, playgroups, private day nurseries, nursery schools and nursery classes.
In Australia, the Early Years Learning Framework (EYLF) designed for children from
birth to five years was endorsed by all state governments in 2009. For the first time,
early childhood education will be standardised nationally with the purpose of enhancing
children‟s learning and transition into school. The guiding principles that underpin early
childhood education practice are: respectful relationships; partnerships with families;
high expectations and equity; respect for diversity; and reflective practice (Department
of Education Early Child Development, 2009). From 2013, Australian state
governments are committed to provide every child in Australia access to a preschool
program delivered 12 months prior to compulsory school entry. For most children, this
means pre-school programs will be provided from around 3 ½ years of age. (National
Partnership Agreement on Early Childhood Education, 2008 www.deewr.gov.au)
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School readiness can be viewed as an idea about what children need to be ready for
school. The term is problematic because school readiness is the answer to “many
different kinds of questions” (Graue, 2006, p. 47). Not to mention the fact that it is
unclear who bears the responsibility for school readiness; whether it is the responsibility
of the community (playgrounds, libraries, public health resources, parent groups) or that
of pre-school educators (Keating, 2007). The Early Development Index (EDI) (Janus &
Offord, 2007), is a population based assessment developed and used extensively in
Canada. The EDI was introduced into Western Australia (WA) in 2005 as a pilot study,
underwent psychometric analysis (Andrich & Styles, 2004), and adopted nationally in
2009 as the Australian Early Development Index (AEDI). Educators complete the EDI
checklist for children at least one year prior to school entry. The AEDI is made up of
five scales: (i) physical well being; (ii) social competence; (iii) emotional maturity; (iv)
language and cognitive development; and (v) communication skills and general
knowledge. Intended as a community planning tool it remains to be established how
well the EDI will progress community change to impact children‟s readiness for school.
The possibility of administrative linkage using A/EDI data with population health data
held elsewhere (for example, birth records and doctor visits) adds complexity and may
instead obfuscate pathways for effective prevention and intervention strategies (Duncan
et al., 2007).
Numerous assessments of preschool literacy skills, conducted by early childhood
educators before school entry have become more commonplace to identify children „at
risk‟ of literacy failure (Lonigan, 2006; Oakley & Barratt Pugh, 2007). The intent of
early identification is to devise focused experiences and activities to enable (make
ready) children to succeed as students upon school entry.

2.3.2 National: the Australian Curriculum
The Melbourne Declaration on Educational Goals for Young Australians, established by
the Ministerial Council on Education, Employment, Training and Youth Affairs
(MCEETYA 2008), recognises literacy as an essential skill for students in becoming
successful learners and as a foundation for success in all learning areas. Success in any
learning area depends on being able to use the significant, identifiable and distinctive
literacy that is important for learning and representative of the content of that learning
area. [ACRA, General Capabilities in the Australian Curriculum, January 2012]
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In Australia, ongoing tensions between federal and state governments over a national
curriculum have been rampant since the 1980s (Lee & Caldwell, 2011). In 2008, the
Melbourne Declaration on Educational Goals for Young Australians committed "to
supporting all young Australians to become successful learners, confident and creative
individuals, and active and informed citizens" and “to promote equity and excellence in
education”. To achieve that commitment, the attention of the Australian federal
government was directed towards: (i) the early years before formal school entry, (ii)
national testing (National Testing of Literacy and Numeracy-NAPLAN), and (iii) a
national curriculum.
The Australian Curriculum, Assessment and Reporting Authority (ACARA) was
instructed to develop the Australian Curriculum (AC) to "equip all young Australians
with the essential skills, knowledge and capabilities to thrive and compete in a
globalised world and information rich workplaces of the current century." The English
Curriculum refers directly to both national and international expectations of education
(http://www.acara.edu.au/curriculum.html) [27 May 2012].
The study of English helps young people develop the knowledge and skills needed for
education, training and the workplace. It helps them become ethical, thoughtful,
informed and active members of society.....English contributes both to nation-building
and to internationalisation [Australian Curriculum for English (version 1.2) ACARA]
The AC for English is divided into three interrelated strands: (i) language, (ii) literature
and (iii) literacy. Text is broadly defined as written, spoken, multimodal, and in print or
digital/online forms. The language modes refer to processes of listening, speaking,
reading, viewing and writing. The AC is only concerned with content descriptors; it
does not prescribe approaches to pedagogy (Australian Curriculum Assessment and
Reporting Authority, 2011a) [version 1.2, p .3]. In the Language strand students will
develop their knowledge of the English language, based on historical and linguistic
descriptions of English. In the Literature strand students will learn to understand,
appreciate, respond to, analyse and create literature. In the Literacy strand, students will
learn to expand their repertoire of English usage (read, write, and speak English). All
students, regardless of their social or economic background or type of school they
attend, will be subject to the Australian Curriculum. An exception is made for 150
schools allowed to work toward the International Baccalaureate (http://www.ibo.org/,
accessed 2 February 2013). A major change in the national education landscape is the
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introduction of Foundation Year as compulsory school entry in 2013. For most
Australian students, this means they will attend full-time compulsory schooling one
year earlier than previously. In 2012, the vast majority of Australian children attend
some education facility in the 12 months prior to Year 1, but attendance is not statutory.
Prior to the introduction of the AC, the Australian Council for Educational Research
(ACER) commenced a longitudinal study into the nature of literacy and numeracy
development amongst Australian school children in the first seven years of schooling,
The Longitudinal Literacy and Numeracy Study (LLANS) (Meiers et al., 2006). The
findings of this study informed the AC. In constructing instruments to measure literacy
development, the LLANS provided no criteria for handwriting at the beginning of the
first school year (age 4.5 years to 5.11 years). At the end of the first year, the marking
guide for writing criteria was divided into: (i) readability, (ii) relevance of content, and
(iii) sentence construction. The criteria for readability listed: “reads sentence, readable
match, reading matches some of writing (e.g., some recognizable words)” (2006, p. 24).
No reference to handwriting assessment was made in subsequent marking guides for
year levels. One handwritten sample at the end of the second school year, to illustrate
progress in writing as generated text, was transcribed because it was too difficult to
read (2006, p.34). Nonetheless, a requirement of the AC is that students will “develop
and consolidate a handwriting style that is legible, fluent and automatic, and that
supports sustained writing” (ACARA | The Australian Curriculum: English | Version
3.0 dated Monday, 23 January 2012, p.8). In Australia, handwriting is obligatory for
high-stake and university entrance written examinations. To date, there are no plans to
change this requirement.
At least four scripts, mainly cursive styles, exist in Australia schools: Foundation 2000
(NSW), Modern Cursive 2000 (Victoria and Western Australia), NSW Foundation Style
(New South Wales) and Beginner‟s Alphabet and Queensland Modern Cursive
(Queensland). However, the AC does not stipulate a national handwriting style and
digital recording of text is accommodated from the Foundation Year. By the end of the
Foundation Year (entry age 4.7 to 5.6 years), students are expected to write a sentence,
correctly forming known upper-and lower-case letters
(http://www.australiancurriculum.edu.au/English/Curriculum/F-10).
Work samples to illustrate expected curriculum progress are available to guide teachers.
Appendix D shows handwriting samples for Foundation Year, Year 1 and Year 2.
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How the AC English curriculum in relation to handwriting and writing will be
interpreted at the classroom, school, and state level is yet to be determined. However,
opinions expressed in the Australian media suggest some ambivalence at best (see
Appendix E for select examples published in 2011 and 2012).

2.3.3 Local: Writing maps of development and handwriting
policy in WA
Current pedagogical practices related to writing in Western Australian schools, both
government and private, have been strongly influenced by the teacher handbook, First
Steps Writing Map of Development developed in 1997 and revised in 2005 on behalf of
the Department of Education and Training (DET) (Annadale et al., 2005).
First Steps describes a developmental continuum of six phases in learning to write: (i)
role play writing; (ii) experimental writing; (iii) early writing; (iv) conventional writing;
(v) proficient writing; and (vi) advanced writing. The focus is on writing for a purpose
and communicating a message to an intended audience. Handwriting is not directly
addressed but implied in that teaching is to be directed to “focus on print concepts and
convention” (Education Department of Western Australia, 1997, p. 26).
Victorian Modern Cursive (VMC) script was adopted in Western Australia in 1997 by
both government and private schools. Anecdotally, in the last two years some schools
have abandoned the cursive script for a „ball and stick‟ print script. The Department of
Education no longer insists on VMC (Warren Grellier, June 2010 personal
communication), but its implementation remains dominant in government schools.
DET revised their 2001 handwriting policy (see Appendix F) and renamed it
handwriting procedure in 2009 (see Appendix G). Word processing is supported from
Year 1. Individual WA schools exercise their own interpretation of the handwriting
procedure as it is not mandatory. Handwriting instruction, which may consist of a
combination of teacher demonstration, tracing, copying and independent practice is
commonly augmented by the use of commercially available books (Davis & Rawlins,
1996) or educator-assembled „handwriting books‟ for tracing and copying VMC script.
Classroom teachers exercise their discretion as to whether or not they assess
handwriting formally.
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2.3.3.1 Writing assessment in Western Australia
The National Assessment Program for Literacy and Numeracy (NAPLAN) commenced
in 2008 and publishes test results online (http://www.nap.edu.au/results-andreports/national-reports.html). Each Australian state is able to extrapolate their results
from these reports. Handwriting is not assessed, but the writing test is handwritten. In
2010, both Year 3 and Year 5 were assigned a persuasive writing task. Year 3 students
in 2010 are Year 5 students in 2012 and their performance in Years 3 and 5 are
compared in Table 2-1. In Table 2-1, it is noteworthy that the number of Year 3 students
at benchmark or below benchmark for writing in 2010, doubles by the time they are in
Year 5 in 2012. The decline in writing performance appears to exceed that of reading
performance. The percentage of students at benchmark or below for reading, remains
relatively constant across Year 3 and Year 5. In general, poor readers in Year 3 remain
poor readers in Year 5, but the percentage of poor writers in Year 3 almost doubles by
Year 5. It is not known from this data if the poor readers are also the poor writers.
However, if they are then the data suggests that reading in Year 3 is more predictive of
writing in Year 5 than writing in Year 3 is predictive for writing in Year 5.
Table 2-1 NAPLAN results in 2010 and 2012 for Year 3 and Year 5 students in WA
WA-2010 (%)
Exempt
Below benchmark
At benchmark
TOTAL exc. Exempt

WA-2012 (%)
Exempt
Below benchmark
At benchmark
TOTAL exc. Exempt

Persuasive
Writing
Yr 3
Yr 5
1.4
1.3
3.8
8.2
6.2
14.2
10.0
22.4

Spelling

Persuasive
Writing
Yr 3
Yr 5
1.4
1.4
3.9
7.7
5.7
14.1
9.6
21.8

Spelling

Yr 3
1.4
7.0
11.1
18.1

Yr 3
1.4
6.2
10.9
17.1

Reading

Yr 5
1.3
9.0
13.9
22.9

Grammar &
Punctuation
Yr 3
Yr 5
1.4
1.3
7.8
8.9
10.8
11.9
18.6
20.8

Reading

Yr 5
1.4
7.5
12.6
19.5

Grammar &
Punctuation
Yr 3
Yr 5
1.4
1.4
8.5
11.0
10.2
13.9
18.7
24.9

Yr 3
1.4
6.6
13.1
19.7

Yr 3
1.4
7.0
11.5
18.5

Yr 5
1.3
9.1
15.0
24.1

Yr 5
1.4
9.0
12.8
21.8

2.4 Conclusion
The demands for literacy are increasing (Ferreiro, 2000; Lonigan, 2006). The number of
assessments of performance components to test „literacy readiness‟ is vast (Oakley &
Barratt Pugh, 2007), and growing (Berninger, 2007a). The anxiety to start formal
education earlier to gain competitive advantage is increasing and is evident in Australia
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with the introduction of the Foundation Year curriculum in 2013, compulsory for all
Australian children prior to Year 1. The amount of data collected about student
performance is increasing (Rowe, 2005), yet with little to no effect in changing literacy
rates (Tymms & Merrell, 2007).
In this context, an appeal is made to reconsider handwriting within a broader framework
of written language assessment and literacy achievement. Handwriting requires explicit
instruction when fewer attentional controls are required (for example, during the period
students are learning to handwrite) because writing will only become more difficult as
students progress through school (Barnett, Stainthorp, Henderson & Scheib, 2006). The
literature review that follows will present a case to return to a developmental focus
(Griffin, 2007; Suggate, 2010). It is proposed that handwriting legibility in Year 1 and
Year 2 can act as a proxy for the integration of written language as structure and written
language as process. It is for this reason that legibility when students are learning to
handwrite may be highly informative to evaluating progress in the development of
literacy.
“Sesame Street” has run for more than 30 years. Children today know their
numbers and letters earlier than ever before. Many know them by age two. Yet
children today are not learning math or reading any earlier or better than did
children before there was “Sesame Street.” (Elkind in Elkind & Whitehurst,
2001, p.13)

29

Chapter Three: Literature review
Handwriting is for writing (Graves, 1983, p. 181)
Based on the premise that handwriting is written language, this chapter sets out the
argument for written language as both structure and process. It is proposed that
handwriting legibility acts as a proxy that reflects the dynamic relationship between
written language as structure and process, when students are learning to handwrite. The
chapter is divided into seven sections. The first section introduces writing systems and
the alphabet. The second section introduces a dynamic system perspective on
development and learning as a unified frame within which to consider structure and
process. The third section presents a case for the slow construction of written language
structure that occurs before school, from two points of view: namely, the contribution of
the child and the contribution of the environment. The fourth section follows with
written language as process. Two models of handwriting are described and models of
the writing process are reviewed. The fifth section presents the intersection between
pre-school and formal school entry, a period in which there is high inter- and intrastudent variability and in which formal assessment becomes more commonplace. The
sixth section reviews school-based instruction, assessment and measurement, and
intervention for handwriting. The gap in the literature of an assessment instrument to
measure handwriting legibility under conditions of varying cognitive load, which is not
sample dependent, for students in Year 1 and Year 2 will be highlighted. The final
section provides a summary of the chapter and the intended contribution of the study.

3.1 Writing systems and the alphabet
In the beginning was the Word... (John 1:1, KJV)
Written language is not universal to human development in the same way that oral
language is universal (Bates et al., 2001). The Macquarie Dictionary (2012) defines
language as “communication by voice in the distinctively human manner, using
arbitrary auditory symbols in conventional ways with conventional meaning”. In
literate societies and in addition to oral language, written language has a recognisable
body of knowledge that must be understood (Dehaene, 2009; Ferreiro & Teberosky,
1979). The history of writing probably began with simple drawings (Gelb, 1963). The
desire to communicate beyond oral telling is time or person-bound and drawings were
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early attempts at recording to preserve communicative intent (Moorhouse, 1953). Over
time, these drawings became more complex. Initially, simple drawings to represent
objects or persons (pictograms) bore no connection to oral language, but later
pictograms were extended to represent ideas (ideograms). A paradigmatic shift occurred
when ideograms began to represent sounds of the language. The first known syllabic
system, cuneiform writing, was developed by the Sumerians. The Greeks turned to
cuneiform writing but they found it was an inefficient system because the Greek
language has a complex syllable structure (Gelb, 1963). Instead, the Greeks borrowed
the Phoenician writing system that used phonograms to represent individual sounds of
the language (Fromkin, Rodman, Collins, & Blair, 1990). The result was the alphabetic
writing system, where typically one symbol or group of symbols represents one sound
unit or phoneme. The word alphabet is derived from alpha and beta, the name of the
first two letters of the Greek alphabet (Fromkin et al., 1990). The alphabet is but one
writing system; others include logographic and syllabic writing systems. The global
historical progression toward a formal writing system appears to be similar to the
developmental progression and order that many children exhibit to master the writing
system today.
Irrespective of the writing system, most symbols are composed of one to three strokes
or combinations of them, but never more than four, and curves may be executed by
threading, which does not require pen lift (Changizi, Zhang, Ye, & Shimojo, 2006). The
configuration of the basic strokes is very similar amongst writing systems and has led
some to conclude that early writing exploited shapes found in the environment.
Changizi identified that the frequency of unique basic strokes follows a universal
distribution for all writing systems that closely parallels the features of natural scenes
(2006, p.178). From a dynamic systems perspective, Port proposed that the efficiency of
26 alphabet letters to capture the phonetic space probably reveals an attractor state for
human language because the alphabet exploits a very restricted set of combinations to
represent the various phonetic degrees of freedom (Port, 2010. p.51). An attractor state
is a stable state to which a dynamic system, such as language, advances (self
organisation). However, alphabet symbols only have utility as communication if they
are presented within narrowly defined social conventions for legibility.
Until the invention of the printing press by Gutenberg in the 15th century, writing was
largely the domain of the educated classes. As education became democratised, learning
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to handwrite became increasingly available for individuals to express themselves
through writing (Lyons, 2010). Handwriting became the major tool for personal and
most professional writing; this continued to be the case even with the emergence of
personal typewriters in the late 19th century. In contrast, the introduction of the
computer with word processing functions has increasingly replaced handwriting for
personal and professional writing for more and more people. Public reaction and media
commentary regularly signals the death knell for handwriting (Lyons, 2010), but
handwriting remains a uniquely human skill to preserve and communicate thoughts and
ideas with the simplest of tools and materials.
Simply, handwriting in alphabetic systems is the graphic representation by hand of
written language. In English there are 26 allographs, each of which can be written as
lower or upper case that can represent approximately 40-44 phonemes depending on
regional differences in accent. A letter symbol or combination of letters that represent a
sound is called a grapheme. An allograph describes all the possible graphic variants of
an abstract letter unit (Thompson, 2009). Graphic variation in font, size, and
capitalization does not affect its functional identity in written language (Crystal, 1991).
Orthography is the act of combining graphemes to spell words.
The next section presents a dynamic system perspective for development and learning.
Many theories have influenced the study of written language acquisition in children
(Ferreiro & Teberosky, 1979; Sulzby & Teale, 1991 ) and are very much contested in
Australia (Edwards, 2005, 2007; Snyder, 2008). However, according to Fischer a model
of dynamic relationships between complementary processes is possible (Fischer &
Dawson, 2002). Such a model of relationships is a dynamic system perspective. A
dynamic system perspective does not replace existing theories of development and
learning; rather, it extends an understanding of the dynamic nature of development and
learning processes (van Geert, 1998b).

3.2 A dynamic system perspective
Human development is concerned with growth and change transitions (van Geert, 1994)
- development is about creating something more from something less (L. Smith &
Thelen, 2003, p. 343). There is general conformity in human development at the same
time as individual uniqueness (Lewis, 2000). According to a number of researchers
working in diverse fields of human development, a dynamic systems perspective (DSP)
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offers a general framework to reconcile different viewpoints into a converging
explanatory framework based on general principles of self organisation (Fischer &
Dawson, 2002; Lewis, 2000; L. B. Smith & Thelen, 2003; van Geert & Steenbeek,
2005). Self organisation refers to the emergence of order. A transition phase or state
marks a period of reorganisation, where old patterns break down and new ones appear,
that occurs before a new level of order. During a transition phase, growth and change
are strongly influenced by small effects (Lewis, 2000).
A dynamic system is a formal system where the current state of being depends on the
previous or initial state (van Geert, 1994); expressed simply as the next state of
organisation equals the product of the initial state, resources, and time. Resources are
deemed to be whatever is needed to get to the next state (van Geert, 1998a). [Initial
State X (Resources + Time) = Next State]. Through an iterative process, the next state
becomes the initial (present) state, and so on. For handwriting legibility in Year 1 and
Year 2, this expression may be interpreted as follows; handwriting legibility in Year 1
and Year 2 is the product of written language as structure acquired from birth to school
entry (initial state) with external contingent instruction and internal processes
(resources) plus maturation (time).
No theory of development provides an adequate explanation of what starts off the
developmental process. From a DSP, it is assumed that causal factors driving
development lie in the developmental process itself. New development arises from
processes that drive „being developed‟ or drive self organisation (van Geert, 1998b).
The archetypical example of self organisation is the human embryo. Self organisation is
when order and structure of the system emerge from the coordination of local
relationships between multiple elements (Howe & Lewis, 2005; Thelen, 2005).
Development from a DSP is not restricted to ages and stages commonly found in
developmental psychology although ages and stages are accommodated within a DSP
framework.
Fundamental to a DSP is the tenet that developing humans are complex systems
composed of individual elements, embedded within, and open to, a complex
environment (L. Smith & Thelen, 2003, p. 343). Through internal properties of self
organisation, the system moves toward increasing order and structure (Thelen, 2005;
van Geert, 1998a). Each new level of organisation is characterised by phase or transition
states and may be preceded by discontinuities or increased variability (van Geert, 1994).
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As a result, cross-sectional studies often fail to capture the „messiness‟ of development
(Thelen & Smith, 1994) and the „shape of development‟ is often lost (Dawson-Tunik,
Commons, Wilson, & Fischer, 2005 ). For example, from a DSP examples of possible
transition states are the temporary fluctuations in toddlers‟ coping behaviours observed
between 17 and 20 months (Lewis, Zimmerman, Hollenstein, & Lamey, 2004) and
seeming regressions between ages 3 to 5 years when children over-regularise past tense
(e.g., goed for went) and plural forms (e.g., sheeps for many sheep) (Ramscar & Yarlett,
2007). Another example is during the period of emergent writing when children mix
easily identified letters with scribbles and yet claim to be able to read both equally well
(Bailystok, 1995). For the purposes of the present research, the period from school entry
to Year 2 is considered a transition state for handwriting legibility. A test for
consolidation (mastery) is when the system (all elements contributing to handwriting
legibility) is able to withstand perturbation or disturbance (such as cognitive load).
In a dynamic system, change may be non-linear depending on sensitivity or lack of
sensitivity to initial states (van Geert & Steenbeek, 2005). Large changes in the system
can be generated by small differences in current conditions (Thelen, 2005). For
example, the nature and timing of school instruction can lead to large changes in the
system, depending on the initial state. In the context of handwriting development it may
be imagined that at any one time, there is an initial state for motor, language, perceptual
and cognitive elements upon which instruction impacts. (In reality, there are likely to be
many „initial‟ states for a wide range of possible elements that influence handwriting
legibility in Year 1 and Year 2). If initial states differ slightly they will converge, if they
are widely different they may diverge (van Geert, 1998a). No single theory for the
systemic dynamics of self organisation has been established in the field of human
development, but dynamic principles suggest an integrated account and offer a bridge
between the contradictions of traditional approaches in development and learning
(Lewis, 2000, p. 38). No single predictor for handwriting legibility for students learning
to handwrite has been nominated; instead, research indicates that multiple components
contribute to handwriting and written expression (Coker, 2006; Puranik & AlOtaiba,
2012; Volman, van Schendel, & Jongmans, 2006).
According to van Geert, major developmental mechanisms based on the intrinsic
dynamics of a dynamic system were already found in the work of Piaget and Vygotsky.
Both Piaget and Vygotsky proposed dual mechanisms of change that were coupled
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together (van Geert, 1998a, p. 634). Piaget‟s dual mechanisms of assimilation
(interpreting new experiences by drawing on existing structures without changing them)
and accommodation (changing or transforming existing structures to incorporate new
experiences) reflected an internal dynamic mechanism of change (Piaget, 1964). In this
way, Piaget‟s stages become proof for his theory of development, rather than his
explanation of it. Equilibrium (or consolidation) was the result of this mechanism of
change and becomes the capacity to withstand perturbation (van Geert, 1998a). For
example, object permanence, which is the ability to recognise that objects exists even
when no longer visible, occurs for most children around four to eight months of age.
Object permanence reflects a structural change (accommodation), once children
understand objects exist even when removed, such understanding leads to qualitatively
different behaviours. Children will look for desired objects even when hidden from
view (perturbation). Vygotsky described the dynamic of development as „a spiral
passing through the same point while advancing to a higher level‟ (1986, p. 56) by
means of a dual mechanism, internalization, which is the internal reconstruction of an
external operation that occurs in the zone of proximal development (Vygotsky, 1986).
The zone of proximal development is defined as the distance between actual
development and potential development that is possible under adult guidance or in
collaboration with capable peers (1986, p. 86). According to Vygotsky, interactions
between children and their social cultural environment lead to transformation of
underlying structures. Language development as a sign-using activity arises from
something not originally a sign, but which becomes a sign after a series of qualitative
transformations (Vygotsky, 1978, p. 52). In this way, structural change occurs when
children are in socially responsive relationships with more knowledgeable others.
Neuroimaging also provides evidence for coupled mechanisms to build the structure of
written language. The individual contributes to structure by active engagement with
print, handwriting, and handling 3-D letters (Dehaene & Cohen, 2011; James &
Engelhardt, 2012). The sociocultural environment contributes to structure by means of
print exposure and contingent responses to individuals‟ engagement with written
language (Deheane et al., 2010). Information processing theories (Munakata, 2006)
similarly share a number of basic change mechanisms related to information input,
storage, and retrieval (van Geert, 1998a). The different theories of development and
learning describe a wide variety of developmental patterns. Some recognisable
development patterns are: continuous, step-wise, regressions and S-shaped with sudden
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change over a short period of time. In other words, different patterns of development
can co-exist and such co-existence is not considered problematic if models of
development and learning model mechanisms of change (Lewis, 2000; Thelen, 2005;
van Geert, 1998a, 2003). As a unified explanatory space, a dynamic system perspective
accommodates seemingly conflicting views about handwriting development. For
example, it is argued that the strong relationship between drawing and emergent writing
is about making meaning (Gerde, Bingham, & Wasik, 2012) and writing is an extension
of drawing as a meaningful activity (MacKenzie, 2011); on the other hand, it is also
argued that drawing and writing are different systems of representation and children
learn to meaningfully distinguish between them (Scheuer, De la Cruz, Pozo, & Neira,
2006; Yamagata, 2007). Developmental patterns for continuous and step-wise
progression could be evoked here. Yet, common to both points of view is that drawing
is an important activity to support children‟s writing development.
In another example to emphasise the benefit of a dynamic system perspective, Ferreiro
and Teberosky (1979) identified five successively ordered levels of written forms before
children received school instruction based on their longitudinal study: pseudo-cursive;
random strings of letters or pseudo-letters; phonetic; and formalized writing (Ferreiro &
Teberosky, 1979). Other studies however, have not replicated a strict hierarchical
ordering for early writing behaviour (Bailystok, 1995; Bus et al., 2001; K. E. Diamond,
Gerde, & Powell, 2008). Instead, children seem to move back and forth across various
forms of writing before they emerge as consistent handwriters of conventional script
(Sulzby, 1986). The lack of evidence for a step-wise hierarchy, where new writing
forms replace earlier ones, does not preclude evidence that suggests developmental
order. In spite of early exposure to print, numerous studies show that most children in
literate societies do not make consistent connections with the alphabetic system until
about the age of four to seven years (Paris, 2011). Children become handwriters of
conventional script over time, but there appears to be considerable intra-variability
before consistent performance. Variability is information about what conditions support
or constrain this transition.
In sum, taking a dynamic system perspective, it may be said that self organisation
around written language occurs over a long period of time and begins from the first
sounds detected by the child in their environment. Mechanisms for growth and change
related to written language interact dynamically; therefore, no argument is advanced for
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cause(s) of handwriting difficulty, except to acknowledge that handwriting difficulty
reflects the integrity, or not, of dynamic relationships between previously identified
contributors to handwriting. In the present research, written language as structure and
process are assumed to interact dynamically.
The following section considers the contribution of the child and the contribution of the
environment, assumed to interact dynamically, to written language as structure. The
contribution of the child is examined from the point of view of several domains shown
to have a positive relationship with early writing behaviours. These domains are not
asserted to be the only contributors related to written language; instead, they are the
only domains examined in this review. The section is aligned with acquisition detailed
in the conceptual framework in Chapter One.

3.3 Written language as structure
Structure is a conceptual construct that includes, but is not limited by general schemata
(Piaget & Inhelder, 1969), internalization (Vygotsky, 1978), neural networks
(Seidenberg & McClelland, 1989), embodied cognition (Thelen & Smith, 1994),
specific neuropsychological domains (Berninger & Hart, 1992), representations
(Oliver, Johnson, Karmiloff-Smith, & Pennington, 2000) and long-term memory
(Munakata, 2006; Sweller et al., 2011). In the broadest understanding of the term,
structure is an assumed cognitive architecture that can be accessed in real time. In the
context of handwriting, real time refers to a time span in which components
contributing to handwriting performance in response to environmental demands occur
entirely within that same time frame, as moment-by-moment cognitive processing
(Rayner, 1998).
The contribution of the child to written language as structure is considered in order of
graphic behaviours, phonological awareness, oral language, self regulation and sensory
motor development.

3.3.1 The contribution of the child: Graphic behaviours
Children engage in graphic behaviours that arise from seemingly random gestures from
an early age (Vygotsky, 1978). For example, even before children hold graphic tools,
they are playing with food and transferring splodges to tabletops and splashing with
water and making droplets fall. They literally make their mark on their world before
they are aware of their own potential to communicate by graphic means. As the ability
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to hold tools increases, graphic behaviour becomes more intentional. The degree to
which graphic behaviour is intentional may reflect the development of mental structures
(Martlew & Sorsby, 1994). Indeed, “the graphic patterns of writing are part of children's
mental space from very early on - before the age of three" (Tolchinsky, 2006, p. 94).
However, to facilitate the expression of graphic behaviours a child needs access to
necessary materials made available in a positively affective environment, and to receive
feedback contingent on perceived intent from knowledgeable and responsive caregivers.

3.3.1.1 Drawings and shapes
A positive relationship exists between children's ability to draw and learning to
handwrite, according to research studies (Bonoti, Vlachos, & Metallidou, 2005;
Gombert & Fayol, 1992; Vinter & Picard, 1996). Martlew and Sorby (1994) asserted
there were two discernable conceptual progressions in children‟s graphic behaviours.
First, children engage in graphic behaviours intentionally. Secondly, they start to attach
meaning to their drawings (Martlew & Sorsby, 1994). They studied preschool children
aged between 3.8 to 4.4 years to examine their responses to graphic referential tasks.
Children were presented with two tasks. In the first task, they were presented with an
object (toy horse, dog, cow, doll, car) that was then placed in a box with a lid to remove
it from view. The children were instructed to put 'something on paper' to help them
remember the object. In the second task they were presented with a picture of the same
object that was placed in an envelope to remove it from view. As before, the children
were instructed to „put something on paper‟ to help them remember the picture. The
younger children tended to use undifferentiated markings for the object or picture, and
did not use any letters in their drawings. Older children tended to use more
representational drawings and letter-like shapes to depict what was in the box or
envelope. The same children were tested again in Grade 1. Children who had used
representational drawings and letter/letter like shapes in the previous test performed
significantly better at literacy tasks than those who had used simple tags to depict the
objects (Martlew & Sorsby, 1994).
Barrett and Eames (1996) argued that a sequential cumulative progression in the
development of children‟s drawings exists. They conducted three experiments with
children aged between three to nine years as well as children with Down‟s syndrome of
equivalent mental ages. The children were required to copy four line drawings: a closed
shape, an open shape, segmented figure and outline figure (see Figure 3-1 for the first
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experiment condition). The verbal instructions and models used were manipulated
across the three experiments. Drawings were scored either correct or incorrect (0, 1).
Guttman scaling was applied. Convergence evidence from the three experiments,
irrespective of manipulation of test conditions, found a sequential cumulative
progression in children‟s drawing. If children were able to draw the segmented figure
they could draw the open and closed shape; if they were unable to draw the open shape
they were unable to draw the segmented figure. “These studies indicate that some
caution needs to be exercised before abandoning stage theories in order to substitute
process/performance models in their place” (Barrett & Eames, 1996, p. 234). Graphic
behaviours related to drawing shapes and figures follow a step-like developmental
progression so as to suggest a self organising system for graphic behaviours that
facilitates handwriting letter forms around ages from four to seven years. This coincides
with children being able to differentiate drawings and writing as discrete systems of
graphic representation (Gombert & Fayol, 1992).

Figure 3-1. An experiment condition in Barrett and Eames (1996, p. 222)
Evidence for some developmental order of graphic behaviours is reinforced by the
observation that most children exhibit considerable uniformity in their early graphic
representations (Beery, 1997; Dehaene, 2009). This led Goodnow and Levine (1973) to
suggest that there are „rules‟ for graphic behaviours similar to „rules‟ or grammar for
language (Chomsky, 1968). They wanted to understand print errors, why they occurred
and how they could be prevented. Since pre-school children copy geometric shapes in
similar sequences, they hypothesised that children's graphic behaviour stemmed from
innate structures or rules that governed sequence and structure or syntax; hence, the
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term grammar of action. Just as Chomsky had proposed a universal grammar for
language, a grammar of action was proposed to be universal. Goodnow and Levine
devised a number of geometric shapes to elucidate the rules. Study participants, children
(n=90) aged between 4.5 to 6.11 years and 9 adults to act as controls, were instructed to
copy the shapes. The exact temporal sequence of strokes was recorded while
participants copied 18 designs depicting only straight lines: vertical, horizontal, left and
right oblique lines (Goodnow & Levine, 1973). This recording of participants‟ copying
behaviour became the rules and is one criticism of their study. However, general
patterns for starting points, direction of the initial stroke and general progressions were
established to describe seven rules. An effect for age was demonstrated. By age seven,
most children were copying shapes consistent with the rules and adults showed only
minor deviations if they were left-handed (Goodnow & Levine, 1973). Further evidence
for universality of early graphical forms is the ability of kindergarten children to copy
the first nine forms (❘–O / \ + X □∆) of the Developmental Test of Visual Motor
Integration (VMI) (Beery, 1997), which shows a significant positive correlation with an
ability to copy forms consistent across writing systems: English (Weil & Amundson,
1994); Chinese (Tseng & Cermak, 1993); Norwegian (Sovik, 1975); and Hebrew
(Yochman & Parush, 1998). Interestingly, the VMI becomes less predictive of
handwriting performance beyond Grade 1 (Daly, Kelley, & Krauss, 2003; Marr &
Cermak, 2002; Overvelde & Hulstijn, 2011a).
Vision plays an obvious role in graphic behaviours and visuo-spatial perception abilities
also appear to follow some developmental order. Significant differences in visuo-spatial
perception between children aged 4 to 5.11 [4-5.11] years and children aged 6 to 8 years
[6-8] have been reported based on their performance on a specially designed test
(Pisella et al., 2012). The test was composed of six image-pair comparison tasks and
included: comparison of length, size and angle; midline localisation, and; comparison of
dot positions. The six subtests were presented in order of increasing difficulty over 12
trials. To investigate developmental differences, the study also included age groups 8 to
10 years [8-10], 10 to 12 years of age [10-12] and adults. Overall the finding was that
total scores for correct comparisons increased with age. Analysis of performance results
showed no difference between age groups [6-8] and [8-10], or between age groups [810] and [10-12], but there were significant differences between groups [6-8] and [10-12]
and between groups [10-12] and adults. However, the largest difference was found
between age group [4-5.11] and [6-8], suggesting that qualitative changes in visuo40

spatial perception take place from around four years to six years of age. As a result, the
researchers recommended that age specific norms of visual spatial perception skills be
devised (Pisella et al., 2012). A continuous developmental trajectory for visual
perception is assumed by currently available norm-referenced standardised tests for
visual perception, which cater for children from 4 to 18 years of age (Tomchek &
Schneck, 2006).
A specific graphic behaviour that is easily recognised as print-related is name writing;
name writing is presented in the following section.

3.3.1.2 Name writing
Name writing is a social accomplishment that establishes our literate identity
(Bloodgood, 1999, p. 342)
Name writing is usually the first stable written letter sequence that children achieve and
early attempts are usually in upper case letters (Treiman & Kessler, 2004). Children
who grow up in print rich environments become interested in print when they recognise
their name or letters in their name. One hypothesis for this interest is that children‟s
name in print represents the name of the object (that is themselves), therefore letters of
the name are a property of them (Ferreiro & Teberosky, 1979). Anecdotally, some
children point to the first letter of their name and announce, “That‟s me”. Even so, it is
often not until about four years of age that children can consistently print their name
with the correct letters and some children take much longer to do so. McCarthy (1977)
documented a study of Sarah (see Appendix H), which began when Sarah was two years
of age. McCarthy's observations highlight the long construction period accompanied by
intra-variability that ensued before Sarah was writing her own name independently
using a stable letter string at four years of age (McCarthy, 1977).
Puranik and Lonigan (2012) found a positive relationship between name-writing
proficiency and other emergent literacy measures for reading and writing, in a group of
296 preschool children aged 4 to 5 years. The length of the child‟s name did not afford
an advantage or disadvantage when administered literacy measures were compared;
rather, it was the proficiency for writing one‟s name, not length of name that appeared
to represent a threshold for written language (Puranik & Lonigan, 2012 2474).
However, the first letter of a child‟s name appears to have some advantage if the letter
name can be used phonetically. It has been shown that children are more likely to use
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letters of their name to „spell‟ words if the letter name is heard in the spoken word (e.g.,
BT for „beat‟ is more likely than BT for „bait‟) (Treiman & Rodriguez, 1999).
Children‟s ability to write their name is positively associated with early literacy
achievement (Haney, 2002).The contribution of graphic behaviours to written language
appears to converge to enable children to distinguish specific forms that have specific
meaning and provokes intention to reproduce these forms in specific ways to
communicate. Graphic behaviours specifically related to the alphabet interact
dynamically with the contribution of phonological awareness, which is described below.

3.3.2 The contribution of the child: Phonological awareness
In North America, the term phonemic awareness is often synonymous with
phonological awareness (Crystal, 1991), but in the Australian literature, phonological
awareness is a broader concept of sound awareness that includes phonemic awareness
(Fellowes & Oakley, 2011). Phonological awareness refers to a general ability to detect
the sounds of the language and develops first through oral language activities (Fellowes
& Oakley, 2011). For example, children may clap hands or move to response to the
rhyme, pitch, and stress and syllable structure of spoken word (el/e/phant). Some
American authors use the term phonological sensitivity to denote phonological
awareness (Whitehurst & Lonigan, 1998).
Phonemic awareness is the ability to isolate, blend, segment, and manipulate phonemes;
the awareness of phonemes in words. For example, the word cat can be segmented into
three phonemes /k/ /a/ /t/. Children usually require instruction to help them become
aware of phonemes in words, to isolate, blend, segment, and manipulate them
(Goswami, 2010; Port, 2010 ). Phonological awareness is critical to writing and reading
but insufficient to learn to write and read words (Whitehurst & Lonigan, 1998). The
child also need concepts of print (Clay, 1991), letter names and sounds (Evans, Bell,
Shaw, Moretti, & Page, 2006 ), phonemic awareness and letter-sound correspondence
(Foorman et al., 2006; Lonigan, 2006). In due course, children need to understand the
alphabetic principle, which is that phonemes can be represented by grapheme(s), such
that whenever a particular phoneme occurs in a word and in whatever position, it can be
represented by the same grapheme(s) (Byrne & Fielding-Barnsley, 1989, p. 313).
Finally, beyond the alphabetic principle, students of English need to learn that this oneto-one correspondence has exceptions. From a sociocultural perspective, instruction and
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opportunities for playing with sounds by means of positive, reciprocal and playful
exchanges with caregivers and/or peers is essential for early literacy development.
Until recently, theories of language acquisition have assumed that phonemes were the
primary contrastive (perceptual) sound unit, but revision of this view now considers the
syllable as the primary perceptual unit (Goswami, 2010; Hester & Hodson, 2009).
Babies rarely babble single syllables, but utter duplicated syllabic units e.g., da-da; mama, from about the age of 13-16 months (Bayley, 2006) and children become sensitive
to phonotactic templates or permissible phonological patterns of the(ir) language, early
in language development (Goswami, 2010). Anecdotally, toddlers may physically
mimic with „bouncing‟ movements, the syllable breaks during recitation of familiar
nursery rhymes that capitalize on alternating stress patterns. From about the age of four
to five years, children demonstrate syllabic structure in clapping games (Yopp & Yopp,
2000). According to Ferriero, it is often not a matter of teaching children to make a
distinction between syllables; rather, it is making them conscious of what they already
know (Ferreiro & Teberosky, 1979). Languages such as Spanish and French have a
simple syllabic structure, but English has mainly complex syllables. In English, the
primary CVC (consonant-vowel-consonant as in „top‟) pattern accounts for 43%, CCVC
for 15% ('stop'), CVCC for 21% ('duck') and CCVCC for 6 % ('crust'), of words. Only
5% are monosyllabic in the CV pattern ('go, do') (Goswami, 2010, citing De Cara and
Goswami, 2002) and the phonological CVC pattern does not always correspond to
orthographic CVC pattern e.g., /f/ /ē/ /d/ for feed.
Statistical analysis of monosyllabic English words by De Cara and Goswami (2002)
noted that English phonology is both rime and rhyme based, accounting for 40% to 50%
of the monosyllabic lexicon (Goswami, 2010). Rime refers to the nucleus and coda of a
syllable (see Table 3-1). Rhyme or phonological neighbours, refers to repetition of
similar sounds in two or more words. For example, the three words bed, head, said are
phonological neighbours in the nursery rhyme Five Little Monkeys (see Appendix I).
For completeness, an onset may also be a consonant cluster of two or more graphemes
and the coda a consonant phoneme of two graphemes e.g., struck.
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Table 3-1 Phonological neighbourhood illustrating rime and rhyme for monosyllabic
words (bed, head, said)
MONOSYLLABIC WORDS
ONSET
RIME
NUCLEUS
CONSONANT
VOWEL
B
E
H
EA
S
AI

CODA
CONSONANT
D
D
D

Phonological neighbours occur frequently in languages and reflect particular sequences
of sound elements (phonotactic templates) (Goswami, 2010). Children's songs, rhymes,
and games exploit this structure, which positively influences phonological awareness of
sounds in the language. In addition, syllabic units uttered in oral language provide rich
auditory, articulatory (lips, tongue, cheeks) and somatosensory (accompanying
gestures/movement) codes for language memory (Port, 2010 , p.49). In other words,
phonological awareness is the convergence of various codes, (audition, articulation,
somatosensory feedback), which build cognitive structure that children access when
they learn to manipulate sounds as phonemes. If children present with hearing loss, low
(facial) muscle tone, and poor motor planning (verbal dyspraxia), phonological
awareness may be compromised. A longitudinal study of children from 9 months to 21
months of age found significant associations between orofacial kinematic (movements
of upper lip, lower lip and jaw) and standardised measures of cognition and language
(Nip, Green, & Marx, 2011). Children with lower scores on orofacial kinematic
measures achieved lower scores on cognitive and language tests.
Advances in neuroscience have shown that literacy changes how phonology is
represented in the brain (Dehaene, 2009; Goswami, 2010; Port, 2010). Compared to
people who are illiterate, literacy has transformative effects on cognitive structures and
orthography supports the development of „letter-like symbolic units‟ called phonemes
(Port, 2007). Phonics instruction makes explicit connections between grapheme(s) and
phoneme by using print materials, which facilitates understanding the relationship of
phonemic unit(s) of speech to alphabet letters. In English, phonics instruction includes
digraphs (th-, sh-), consonant clusters (str-, fl-), prefixes and suffixes as well as single
letter-sound correspondence. If there is one-to one mapping between grapheme and
phoneme (orthographic transparency), as is the case in languages such as Spanish,
children take less time to learn to read and write. However, English has an opaque
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orthography and children are more likely to take longer to read and write (Goswami,
Gombert, & de Barrera, 1998). In English, a phoneme may be represented by different
grapheme(s) (Goswami, 2010). For example, phone and fast have the same initial
phoneme /f/; sit and city have the same initial phoneme /s/ but each phoneme has two
orthographic expressions. The vowel sound /ĕ/ may be transcribed as e, ea, ai (see Table
1). Multiple graphemes can represent a single phoneme e.g., /sh/, /ay/ and a single
phoneme may be represented by multiple graphemes e.g., /ā/ may be written as „ay‟,
„ai‟, or „a_e‟.
Phonological awareness develops through oral language activities and instruction helps
children to become conscious of what they know about the sound patterns of the(ir)
language. Phonemic awareness is facilitated by print activities (phonics) and when
children begin handwriting, phonemic knowledge is advanced and consolidated
(Fellowes & Oakley, 2011). A brief review of the contribution of oral language to
written language is presented next.

3.3.3 The contribution of the child: Oral language
The contribution of oral language to early written language seems intuitive but studies
do not find that oral language correlates highly with learning to read (decoding);
however, oral language is positively correlated with reading comprehension (Shanahan,
2006). Oral language is not only about vocabulary, but rather a reflection of mental
structures for language such as syntax, semantics, and how to use language in social
situations (pragmatics) (Snow, 1972). These mental structures are thought to be
essential for growth and change of written language capabilities over time (Shanahan,
2006). Studies of social gradient have found that oral language development is sensitive
to environmental resources and context (Snow, 1972). Children from environments
where caregivers help children extend their communication through circles of questions
and answers contingent upon each other do better at oral language. Extended circles of
communication are a necessary skill to solve every day social problems, such as
obtaining a desired toy or requesting a drink (Greenspan & Shanker, 2007). Oral
language plays a role in memory retrieval and therefore memory structure. Over time,
and assuming an intact neural system, oral language becomes more complex,
semantically and syntactically, via social exchanges in play with peers and socially
responsive adults (Greenspan & Shanker, 2007). Syntactic and semantic text complexity
has been shown to be a measure for reading comprehension (Stenner, 2008).
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Until now, no causal mechanisms between pretend play and oral language have been
identified (Roskos, Christie, Widman, & Holding, 2010), but a dynamic relationship
between pretend play and oral language exists. Children who engage in pretend play do
better with oral language (Pellegrini, 1985) and are more likely to be able to negotiate
with their peers in joint play sessions (Galyer & Evans, 2001). Children with better oral
narrative retelling skills are better at pretend play (Nicolopoulou, 2005). Narratives
require reference to a story line, contextual information (who, when, where, what, how)
and evaluative statements (why it happened, or character‟s reaction), all elements that in
turn extend oral language (Suggate, Schaughency, & Reese, 2011, p.381).
Increasingly, oral language, reading, and writing are viewed as interconnected (Bear et
al., 2008) and students who demonstrate better oral language do better at writing and
reading (Bishop & Clarkson, 2003). As previously highlighted, oral language facilitates
information retrieval from memory (Shanahan, 2006); many young writers sub vocalize
as they write, making it easier to access and retain memory of what they know (Graves,
1983). Based on this observation, modelling oral language with very simple story lines
to prompt young writers has had positive results for written expression, “What I think, I
can say. What I say, I can write.” (Berninger, 2009).
There exists a positive, but non-linear association between oral language and self
regulation. This is the finding of Vallotton and Ayoub (2011) based on their
longitudinal study of toddlers at 14-, 24-, 36- months of age. Oral language was
positively correlated with self regulation although vocabulary was more predictive than
talkativeness. Vocabulary at two years was predictive of self regulatory behaviours at
three years and this effect appeared more pronounced for boys than for girls (Vallotton,
2011). Semiotic structural change is indicated when, in addition to signally thoughts
and feelings by physical actions, children develop proficiency to use language to signal
thoughts and feelings (Vygotsky, 1986).

3.3.4 The contribution of the child: Self regulation
..the first two years of life are a crucial period for the development of strategies
for regulating negative emotions, coping with frustrations and maintaining
psychological equilibrium. (Lewis et al., 2004, p. 56)
Broadly speaking, self regulation refers to top-down cognitive functions that control
behaviour in service of a goal (Diamond, 2010). Some suggest that self regulation is a
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group of mechanisms rather than a single process (Berger, Kofman, Livneh, & Henik,
2007), as there is overlap between related concepts of executive function, self regulation
(Eisenberg, Valiente, & Eggum, 2010), effortful control (an individual‟s predisposition
toward inhibitory control) (Rothbart, 1989) and working memory when referring to
children‟s social and emotional skills and attitudes (Diamond, 2010). The dynamic
relationship between the child‟s temperament (Thomas & Chess, 1989) and caregiver
patterns of attachment (Bowlby, 1969) is thought to be influential in the development of
self regulation during infancy and early childhood (Berger et al., 2007).
Converging evidence indicates that attention plays a key role in the development of self
regulation (Berger et al., 2007; Greenspan & Shanker, 2007; Ruff & Rothbart, 1996).
Simner found easily distracted kindergarten children were more likely to produce form
errors when copying letters (Simner, 1986). The lack of controlled attention was
predictive for more print errors, which Simner proposed contributed to poor memory
and planning for handwriting as form errors tended to take place more often during the
final stages of writing the letter than during the initial stage of letter construction
(Simner, 1991). In his longitudinal study, children‟s academic achievement in Grade 3
was closely aligned with the number of print errors in kindergarten. Children in
kindergarten with poor attention demonstrated more print errors and were less likely to
achieve academically three years later (Simner, 1989). Self regulation and controlled
attention are important for learning (Diamond, 2010; Eisenberg et al., 2010; McDonald,
2011), and there is evidence that training in self regulation or metacognitive strategies
improves written expression for school-age students (Graham & Harris, 2000).
Sensory registration, processing and integration are dynamically coupled with motor
control and motor learning (Schmidt & Wrisberg, 2008). The contribution of sensory
motor development is presented next.

3.3.5 The contribution of the child: Sensory motor development
The sensori-motor intelligence...organises reality by constructing the broad
categories of action which are the schemes of the permanent object, space, time,
and causality, substructures of the notions that will later correspond to them
(Piaget & Inhelder, 1969, p. 13)
Advances in neuroscience have led to an appreciation that motor and cognitive
development is more interrelated than previously thought; both exhibit protracted
developmental timetables (Diamond, 2000). In Diamond‟s summary of the evidence for
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dynamic relationships between motor and cognitive skills, co-activation of the prefrontal cortex and cerebellum for verb generation tasks in adults was found in
neuroimaging studies for verbal fluency tasks. In one task, participants were given a
noun and required to provide a related verb; in another task, participants recited as many
words as possible beginning with a specified letter, for one minute (Diamond, 2000).
Behavioural studies with school age children also demonstrate a positive relationship
between cognitive and gross motor performance (Piek, Dawson, Smith, & Gasson,
2008), and cognitive and fine motor performance (Grissmer, Grimm, Aiyer, Murrah, &
Steele, 2010). The role of the cerebellum in motor control and for learning a new motor
skill is generally accepted (Rose & Christina, 2006). Specifically, the cerebellum may
play a role for reducing handwriting variability due to poor motor control when learning
to handwrite (Grossberg & Paine, 2000).
The dynamic relationship between language and motor development is apparent in
childhood activities that reinforce rhythmic patterns. Games such as jumping, running,
marching, hopping, climbing, cycling, clapping and dancing, are reminiscent of
alternating stress patterns in syllabic structures especially when accompanied with
singing chants. The Early Development Index (EDI), a marker for school readiness, has
found a strong negative correlation between letter-identification tasks and EDI domain
Physical Health and Well-Being (Keating, 2007). Although this finding was queried,
the contribution of sensory motor development to written language cannot be
underestimated particularly when children in industrialised societies appear to have less
opportunity or motivation to physically engage with the environment around them
(Louv, 2005). Directional language related to letter formations is first experienced and
understood by children in their bodies, in the sense of embodied cognition e.g., up,
down, around, small, big, across (Thelen & Smith, 1994).
Societal habits change over time, which impacts dynamically on the relationship
between motor and cognitive development. For example, parents are advised to place
their babies on their backs (supine) when they sleep to prevent infant death syndrome.
Studies have shown delays in gross motor development of typical babies at six months
since this practice has become widespread (Dewey, Fleming, & Golding, 1998),
although deleterious effects of supine sleeping are counteracted by being placed in the
prone position, tummy time, when awake (Majnemer & Barr, 2005). The long term
effects for posture, core stability and aerobic fitness due to reduced movement
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experiences such as: less tummy time; limited physical activity due to smaller
residential outdoor play areas and concerns for safety; increased sedentary screen time,
and; more time spent in vehicle transit, are hard to quantify. These societal changes may
subtly exacerbate developmental vulnerability related to motor coordination, attention
and listening, processing and integrating internal and external sensory information
(Talsma, Senkowski, Soto-Faraco, & Woldorff, 2010 ).

3.3.5.1 Fine motor
Sensory motor development extends to fine motor development. Moderate correlations
have been found between early literacy skills (matching letters and words, syllable
detection and segmenting phonemes) and fine motor ability e.g., sequencing thumb
opposition from index to little finger (Berninger & Rutberg, 1992; Share, Jorm,
Maclean, & Matthews, 1984). A recent study to identify predictors for school readiness
found fine motor skills, „an additional strong predictor of later achievement‟ (Grissmer
et al., 2010, p. 1008). The unique arrangement and mobility of the bones of the hand
develop increasing utility over time (Strickland, 2006). Skilled hand movement follows
a predictable pattern, but it has a highly variable course in the rate of acquisition. The
muscles acting on the hand are grouped into extrinsic and intrinsic muscles that allow
patterns of in-hand manipulation. From 12-15 months of age, toddlers use finger to
palm to „hide‟ food in their hands; by 30 months, they use palm to finger translation
with simple rotation (pick up tennis ball); by 36-40 months they begin to use shift (pick
up paper) and complex rotation (turning knobs). By age five years most children can
rotate a crayon and shift it into optimal position for drawing and colouring (Exner,
1992). Fine motor abilities develop in complexity and refinement from birth,
contributing to ever increasing hand control. Fingers act in isolation or unison
depending on the demands of the task; the force, timing and grading of grasp and
release mechanisms become progressively more precise (Exner, 1996). Such a complex
system as the hand requires „hands-on‟ practice over an extended time with a wide
variety of activities.
Fine motor activities such as colouring, cutting and pasting, feature in every pre-school
setting, but the nature of activities may promote fine motor abilities differentially. The
opportunity to engage with everyday practical materials to promote fine motor abilities
cannot be underestimated. The domestic life that children occupy in 2012 is different to
that of 50 years ago when engaging in simple household tasks was more commonplace.
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Multiple occasions to „sweep‟ the veranda, „shovel‟ in the garden, „water‟ the pot plants,
squeeze the sponge to wipe the table and „fold‟ flannels and tea towels, stirring the cake
mix, „peeling‟ potatoes, to name a few, may have become less accessible as domestic
arrangements have changed (Raley, Mattingly, & Bianchi, 2006).
The contribution of everyday object play for fine motor development was illustrated in a
study to investigate whether Montessori practical life materials would improve fine
motor abilities more so than fine motor activities readily available in typical
kindergartens (Rule & Stewart, 2002). Using a pre-post control group design, thirteen
classrooms were recruited to the study; all classes attended school half-days.
Assignment to the experimental condition was not random as teachers choose to be in
the experimental group or not. Teachers of the control condition are reported to have
done so because they “felt they were so strong and experienced in implementing fine
motor skill activities” (p. 11). Classroom conditions for control children (n=85) did not
change. The experimental group (n=101) were exposed to 50 different activities based
on Montessori practical life materials over a period of six months. When the new
materials were introduced into the classroom, teachers demonstrated what to do with
them. The dependent measure was a penny posting task, which is a common test of
manual dexterity (Henderson & Sugden, 1992). At pre- and post- test, all children were
seated and asked to pick up pennies one at a time with their dominant hand and place
them through a one-inch (2.54cm) box slot within 30 seconds. At the end of six months,
the experimental group significantly outperformed the control group (effect size=0.74).
The findings lend support for including everyday practical material as fine motor
activities into a regular classroom (Rule & Stewart, 2002).

3.3.5.2 Haptic perception
In addition to the motor function of the hand for „doing‟, the hand also has a perceptual
function for „knowing‟ (Streri & Feron, 2005). Haptic perception is defined as, "the
retrieval, analysis, and interpretation of the tactile properties (e.g., size, shape, texture,
temperature, weight) and identity of objects through manual and in-hand manipulation"
(Stilwell & Cermak, 1995, p. 55). It is the first sensory modality to be expressed in the
foetus. The tactile system appears early in development and is not fully mature until
adolescence. In contrast, the visual system appears later in development but matures
earlier (Streri & Feron, 2005).
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Children explore objects and their properties such as texture, weight, and temperature as
well as geometric properties such as size and shape. Young children‟s exploration is
limited by mainly lateral movements and they tend to choose objects based on their
textual properties rather than size or shape; however, this trend reverses as they get
older and their exploratory repertoire improves to include size and shape (Berger &
Hatwell, 1993). Haptic perception depends more on cognition than vision because
active exploration is needed to extract information about the object‟s properties (Gentaz
& Rossetti, 1999).
The research on haptic perception in children supports multisensory approaches taken to
introduce letters and numbers in the home or day care. For example, 3-D letter
representations found in wooden puzzles, letters/numbers on the fridge, sandpaper and
play doh letters are hands-on means of cognitively engaging with letters. Studies with
French children in kindergarten found children exposed to tactual engagement with 3-D
letters and numbers, in addition to standard instruction, did better at decoding
pseudowords. The conclusion drawn from this study was that haptic perception
facilitates mental representation (structure) of the letter because children must process
letters in a more analytical way. According to Bara, haptic exploration facilitates the
dynamic relationship between the orthographic and phonological representation of the
letter (Bara & Gentaz, 2011; Bara, Gentaz, Cole, & Sprenger-Charolles, 2004).
Over time, the „doing‟ and „knowing‟ function of the hand contribute to biomechanical
efficiency of hand grasps for increasingly specialized tasks. One such hand grasp is the
pencil grip for holding the pencil during handwriting.

3.3.5.3 Pencil grip
Pencil grip makes an obvious contribution to handwriting and has been studied
extensively (Burton & Dancisak, 2000; Ferriell et al., 1999; Schneck, 1991; J.
Summers, 2001; Ziviani, 1995; Ziviani & Elkins, 1986). The recommended pencil grip
for handwriting, dynamic tripod, is rarely present before four years of age. Before four
years of age, a developmental progression of at least five grips has been identified
(Schneck & Henderson, 1990). From the age of four to seven years the range from
transitional to mature grip is apparent, the most common being dynamic tripod and
lateral tripod grip. The pencil grip may show increased variability during this transition
phase before children settle to a mature grip. The dynamic tripod and lateral tripod grip
are illustrated in Figure 3-2. Different pencil grip trajectories for drawing or colouring
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were noted in

typically developing children, (n=320, aged from 3.0 to 6.11 years),

which reflected the discrete intrinsic hand muscle activity necessary for different tasks
(Schneck & Henderson, 1990). This specificity suggests children's prehensile
engagement with their environment prior to school needs to be broad and varied.
Children presented with increased opportunities to practise using their hands in a wide
variety of activities in actively supportive environments improve fine motor abilities;
these children are more likely to develop a dynamic tripod grip for handwriting (CaseSmith, 2000).

Figure 3-2. Example of a dynamic tripod grip (left) and lateral tripod grip (right)
Joint laxity in one or both joints of the thumb (carpal metacarpal and metacarpal
phalange joint) is common in young children (Davidovitch, Tirosh, & Tal, 1994) and
increased joint mobility can interfere with adopting a dynamic tripod grip. Children tend
to adopt a more stable but static grip to compensate for this i.e., using more fingers
around the pencil or a lateral thumb against the pencil shaft (Summers, 2001). Joint
mobility decreases with age and joint stability improves with increased hand muscle
strength. Early access to thin, long pencils or textas for mobile finger joints may
negatively influence adoption of a mature grip. The impact of pencil grip and large
diameter pencils on motor control has been investigated with preschool children (Burton
& Dancisak, 2000). Children were required to draw a path through a maze called
writing paths, and draw pre-writing shapes using either small or large diameter pencil
shafts. The accuracy with which they performed these tasks was evaluated. Findings
indicated that increasing the diameter of pencil improved pencil grip, but did not
improve accuracy. Only children with already good motor control displayed increased
accuracy as well as improved pencil grip (Burton & Dancisak, 2000). Another study
with children aged 2.7 to 3.7 years used small thick broken crayons in an attempt to
change existing pencil grips to a dynamic tripod grip. Existing grips were classified
according to the Schneck and Henderson classification (1990). No changes to grip
patterns occurred as a result of the small, thick crayons (Seif, 2006). This would appear
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to confirm Schneck's findings that pencil grips are sensitive to a developmental
progression. Motor control makes a significant contribution to a dynamic tripod pencil
grip after the age of four years and reflects increasing differentiation of neural structures
related to calibration of force, sequencing and timing necessary for fine motor activity
(Rose & Christina, 2006).
This concludes the section related to the contribution of the child to written language.
Their contribution is mental structures constructed through active engagement with
many varied activities, on multiple occasions, over a long period of time, in socially
responsive homes and community environments. These structures converge around four
to seven years (Janowsky & Carper, 1996) to enable most students to handwrite legibly
when provided with direct instruction and monitored practice. The following section
reviews the contribution of the environment to written language.

3.3.6 The contribution of the home
It has been pointed out that there is a difference between emergent literacy skills and
emergent literacy environments (Phillips, Norris, & Anderson, 2008; Whitehurst &
Lonigan, 1998). Home reading is often cited as one of the most important activities
parents can do with their children to promote future literacy achievement (Fox, 2001).
Common wisdom suggests that reading to children helps them to learn to read, just as
talking to children helps them to talk. In all cultures, children develop oral language in
the presence of positive affective and responsive interactions; however, for most
children specific instruction is required for written language. Early literacy skill and oral
language do not appear to follow the same developmental pathway (Senechal & Young,
2008). Experiments to detect children‟s eye tracking when parents were reading to
them, showed that children did not attend to print during shared reading (Evans & SaintAubin, 2005). Instead, children attended to the pictures; if they did engage with parents
it was to talk about the picture and/or story.
The contribution of parents to children‟s literacy achievement was investigated using a
meta-analysis of intervention studies of parents and children aged from five to nine
years (K-3) (Senechal & Young, 2008). The examined studies were divided into three
categories: (i) reading to children; (ii) listening to children read; and (iii) parent tutoring
their children by means of specific literacy activities. All studies had a control group;
studies that included oral language intervention were excluded from the analysis. Only
three of the sixteen studies were concerned with parents reading to their children. The
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greatest effect size (1.15) was found for parent tutoring where parents had been trained
to teach children by using specific literacy activities. No effects were found for parents
reading to children. This would appear to support the claim that most children do not
acquire written language without explicit instruction (Paris, 2005). There is minimal
evidence that parents can teach children to read simply by reading to them. Reading to
children will always remain important for literacy development as a shared experience
and exposure to oral language but, in addition, caregivers are encouraged to draw
children‟s attention to print around them - matching letters, identifying letter name and
letter sounds, engage in drawing activities, listen to and play with sounds, analyse word
meanings together, identify colours and colour words, teach to write and spell their
name, and help to make explicit connections between the stories children hear and their
background knowledge (Phillips et al., 2008). Multiple positive exchanges such as
these, between caregiver and child that respond to and extend,children‟s curiosity and
interest in literacy activities, include also the ritual of reading to children (Senechal,
LeFevre, Thomas, & Daley, 1998).

3.3.7 The contribution of out-of-home care and preschool
A great change is coming over childhood in the world‟s richest countries.
Today‟s rising generation is the first in which a majority are spending a large
part of early childhood in some form of out-of-home child care. (UNICEF, The
child care transition, Innocenti Report Card 8, 2008, p.1)
The rise in out-of-home child care has provided an opportunity to study these
environments. The Effective Provision of Preschool Education (EPPE) study conducted
in the UK applied environmental rating scales to identify quality educational provision
in a number of settings for children from age three years: nursery day care; play groups;
private day care; nursery schools, and; Local Authority day care (Sylva, Melhuish,
Sammons, Saraj-Blatchford, & Taggart, 2004). Based on measurable child outcomes for
progress in literacy and numeracy understanding, a multi-level analysis identified the
characteristics of good quality centres. These characteristics were defined as follows
(Siraj-Blatchford, Brenda, Sylva, Sammons, & Melhuish, 2008, p. 26): (i) staff used
open-ended question and encouraged „sustained shared thinking‟; (ii) differentiated
learning opportunities were provided; (iii) balance between staff supported freely
chosen play and staff-led small group activities; (iv) staff viewed educational and social
development as complementary; (v) staff were well trained and had a good
understanding of appropriate pedagogical content; (vi) staff supported children being
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assertive at the same time encouraging social problem solving; (vii) there was strong
leadership (manager of facility was a trained educator) with small staff turnover; and
(viii) there was strong parental involvement and parents shared the educational aims of
the facility for their child.
It is well documented that children born into families of social and economic advantage
are more likely to demonstrate advanced literacy skills at school entry (Graue, 2006).
Therefore it is not surprising that many aspects of good quality out-of-home provision
are environmental correlates of good quality home literacy practices. Children appear to
do well in institutional environments that thoughtfully and actively support construction
of written language over an extended period of time though play and responsive
instruction. Such an environment is consistent with the view that an optimal linguistic
environment is where the conversational styles are contingent on children‟s activities
(DiPietro, 2000, p.464).
The contribution of the home and out-of-home care is implicit in the notion of readiness
for literacy instruction, which has become pervasive in education policy in the USA,
UK and Australia (Graue, 2006; Rowe, 2005). Readiness is a poorly defined and
contested concept (Keating, 2007), yet the idea has a lot of traction. Children in the UK
and Australia enter formal school in the year they turn five years of age, somewhere in
the middle of the age span that children typically come to understand written language
in literate societies (Ferreiro, 2000). Consequently, children‟s readiness profiles
demonstrate great variability (Graue, 2006). Child assessment at the intersection of preand school- environment is addressed in a later section.
This concludes the section reviewing the child‟s contribution and the environment‟s
contribution to written language as structure. In the main, the period before school entry
was considered. The following section introduces written language as process. Two
models of handwriting, influenced by information processing theory are presented. Each
highlights the complexity of the cognitive, linguistic, and motor activities that
handwriting entails. This is followed by models of the writing process, which outline
proposed mental processes required during text generation.

3.4 Written language as process
The models of handwriting reviewed here are the psychomotor model of handwriting
(van Galen, 1991) and the psycholinguistic model of handwriting (Kandel, Peereman,
55

Grosjacques, & Fayol, 2011). The psycholinguistic model of handwriting extends the
spelling module of the psychomotor model of handwriting.

3.4.1 The psychomotor model of handwriting
Early studies proposed that separate cognitive and motor process were involved in
handwriting (Ellis, 1982). Experiments with adult subjects under different tasks were
devised to disentangle processing demands during ongoing handwriting movements
(van Galen, Meulenbroek, & Hylkema, 1986). One experiment manipulated syllable
strings that were phonetically similar or dissimilar. Adult subjects were exposed to the
syllable strings (variations of syllable strings lenhenlen and hemlemhem) for one second
and then required to write them. The syllable strings were handwritten on paper placed
on an X-Y digitiser tablet attached to a computer. The X- and Y- values of the pen
position were recorded for response latency (the delay before subjects started writing),
velocity (how fast) and duration (how long it took) of handwriting strokes. Differences
in reaction and movement time demonstrated that handwriting was not only a
biophysical process but involved discrete and serial organisation of both cognitive and
motoric processes (van Galen, 1990). Each element such as letter form, letter size, and
musculature involved in handwriting contributed additively to the variance in response
latencies. More cognitively loaded elements or phonetically dissimilar syllable strings,
slowed down handwriting recorded in real-time during handwriting performance.
While van Galen acknowledged that no single model of handwriting could convey all
aspects involved, his findings made a case to consider handwriting a multi-element task,
in which the handwriter mentally processed elements hierarchically and in parallel when
handwriting in real-time (van Galen, 1991). He argued there was "ample evidence that
demands of differing nature have summed effects on writing trajectories" (van Galen &
Teulings, 1983, p. 181) and proposed a possible architecture for handwriting processes;
the elements are depicted in Figure 3-3. The psychomotor model of handwriting
proposes that handwriting is the outcome of different processing modules, of which
each addresses a specific feature related to the writer‟s intent. The arrangement of the
modules is hierarchical and output from each processing stage informs the input of the
next stage. The processing units decrease in size lower down the hierarchy. As well as
serial processing, all modules are engaged in processing activities concurrently. Storage
buffers act as a resource to accommodate for time frictions between outputs of one
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module to output of the next module. Columns are arranged hierarchically and in
parallel (van Galen, 1991, p. 181).
As illustration for the model- it is my intention to handwrite a paragraph. My idea is to
explain the elements of the model. I keep that idea in my episodic memory and the same
time I am accessing words to express the concept of the model. I check the words are in
the common lexicon, at the same time I am trying to figure out how I need to arrange
them so they make sense. I hold the words in my short term memory as I am arranging
them. At the same time, and at each word level, I access my spelling module from long
term memory as I write the letters of the word held in my orthographic buffer. As I
writing out the word I am selecting the correct allograph motor program for the
necessary grapheme, which I hold in motor memory as I determine (set parameters) the
size of the letter which depends on the allograph (e.g., ascender or descender letter,
upper or lower case). I keep that information in my motor output buffer as I prepare to
adjust my hand and pencil grip to make stoke(s) to write the letter. I do all this in real
time.
Handwriting comes into focus at the level of the spelling module and depends on: (i) the
retrieval of an abstract motor program for the allograph; (ii) the parameterisation of this
program, that is, letter size and directionality or line placement; and (iii) the muscular
initiation of the parameterised program of the allograph (van Galen, 1991).
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Figure 3-3. The psychomotor model of handwriting as proposed by van Galen (1991)
In the left hand column is the hierarchy of processing modules. The central column
identifies the processing unit in the corresponding module. The right hand column refers
to the storage nodes that mediate communication between successive levels of the
model (van Galen, 1991, p. 183).
A serious limitation of the model, conceded by van Galen, is the lack of a feedback
mechanism. Feedback is essential to learn a complex skill such as handwriting (Sovik,
Arntzen, & Thygesen, 1986). In addition, the model assumes an intact neuromotor
system instructed in the art and skill of documenting language into conventional
symbols, able to be read by a knowledgeable audience. Nonetheless, if the architecture
of the processing modules, processing units, and mediating memory stores is considered
in order from low to high, the psychomotor model of handwriting clearly signposts that
handwriting depends on underlying neuromotor, language and cognitive development.
Computer studies of handwriting with poor and proficient handwriters confirm dynamic
processing differences between them. Poor writers demonstrate more irregularities in
movement control (Rosenblum, Goldstand, & Parush, 2006; Smits-Engelsman, van
Galen, & Portier, 1994; van Galen, 1993); a lack of continuity during writing with
longer, more frequent pause times (Wann & Kardirkamanathan, 1991); and a lack of
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consistency adhering to spatial parameters (Smits-Engelsman & Van Galen, 1997).
Early computer studies were conducted with adults so generalisation to the classroom is
limited, but recent studies with children using digital tablets confirm these results
(Rosenblum, Chevion, & Weiss, 2006).
The psychomotor model of handwriting describes handwriting production as
hierarchically organised processing modules that operate in parallel. During the
execution of the initial letter in a word, handwriting movements are programmed for
letters that follow. The investigation of linguistic demands in regulating handwriting
production extended van Galen‟s psychomotor model of handwriting and is described in
the next section.

3.4.2 The psycholinguistic theory of handwriting
The psycholinguistic theory of handwriting proposed by Kandel and colleagues (Kandel
et al., 2011), is informed by a program of research to investigate how word structure
mediates handwriting production.
Initially, work was conducted with adult participants who copied bisyllabic and
trisyllabic words in uppercase letters so that pen lifts could be recorded between each
letter on a digital computer screen using DUCTUS software (Kandel, Alverez, &
Vallee, 2006). The inter-letter interval (ILI) was measured between each letter. The
research hypothesis was that if the syllable is a processing unit in handwriting
production, ILI between syllables would be longer than within syllables. The ILI was
defined as the time period between the two letters when letters were separated by a pen
lift or in air movement. The letter end of the preceding letter corresponded to
pressure=0 and the onset of the following letter corresponded to pressure >0 (Kandel,
Alverez et al., 2006, p. 21). Longer ILIs were detected at the syllable boundary than
within syllable units, suggesting that for adults the syllable is more likely to be the
processing unit in handwriting than individual letters. Syllable structure constrained
motor production. French and Spanish words were used in the experimental condition.
In France, students are taught cursive handwriting at the commencement of formal
instruction (Kandel, Soler, Valdois, & Gros, 2006). Following the study with adults,
further studies were conducted with French students in Year 1, aged 6.3 to 7.2 years
(n=34). Students copied words on lined paper attached to a digitiser connected to a
computer. Fluency and duration measures were taken. Fluency was determined by
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absolute velocity peaks per letter. It was hypothesised that an increase in processing
demands (cognitive load) may result in an increased number of velocity peaks or
dysfluency. The stimulus words had grapheme-phoneme correspondence. Single letterphoneme correspondence was termed simple grapheme, and graphemes of more than
one letter to phoneme were labelled complex graphemes. They were all bi-syllabic with
four letters in the first syllable. For example, chan/son has two complex graphemes in
the first syllable („ch‟, „an‟), and peint/re has four simple graphemes in the first syllable.
The findings indicated that graphemes (simple or complex) and syllables constrained
handwriting production, as in adults; both demonstrated anticipatory behaviours;
students pre-programmed the next syllable while still writing the first syllable. In the
early stages of learning to handwrite, students privileged phonological strategies, but
they quickly became sensitive to the orthographic regularity of syllables (Kandel, Soler
et al., 2006). A longitudinal study with French preschool children found that syllable
orientated strategies in handwriting production start early; as soon as students begin to
understand how written language works (Soler Vilageliu & Kandel, 2012).
The syllable effect, a duration peak at the syllable boundary, suggests that although
students prepare action to handwrite the first syllable, they program the second syllable
in real time while still writing the first syllable (Kandel, Herault, Grosjacques, Lambert,
& Fayol, 2009). Further research was undertaken to determine if the syllable effect was
primarily determined by phonological or orthographic patterns in older French students
from Year 3 to Year 5 (n=54). Students copied words onto a digitiser under two
conditions: (i) mono-syllabic phonologically but bi-syllabic orthographically, and ; (ii)
bi-syllabic both phonologically and orthographically. For example, barque is monosyllabic phonologically [baRk, bar.que] and bi-syllabic orthographically; balcon is bisyllabic both phonologically as well as orthographically [bal.kō, bal.con]. Movement
duration and fluency values indicated that students used orthographic syllables rather
than phonological syllables as processing units in handwriting production (Kandel et al.,
2009). In the French language, unlike English, syllable breaks are highly predictable.
According to neuroscientist Dehaene, the existence of bigrams, a letter combination, is
an „educated guess‟, based on our visual system for reading (Dehaene, 2009). For
example, in the word „badge‟, there are 10 bigrams: BA, BD, BG, BE, AD, AG, AE,
DG, DE, and GE. The bigram code is resistant to partial deletions (e.g., txt) and
thought to account for the ability to “raed ltteers”, but bigram codes tend to collapse
60

when spacing reaches more than two characters, “r e a d

s e n t e n c e

s” (Dehaene, 2009, p. 156). Some bigrams in English appear infrequently (gp), some
frequently (en). This has led some to suggest that the syllable effect could be due to low
frequency bigrams at the syllable boundary (Seidenberg & McClelland, 1989). For
example, in English (gp) is a low frequency bigram but appears at the syllable boundary
of compound word pigpen (pig/pen).
The impact of syllables and bigrams in handwriting production was tested with French
adults (n=40) and students in Year 3 and 4 (n=34) copying words on a digitiser as in
previous experiments (Kandel et al., 2011). They were tested under two conditions
using a pre-determined French lexicon determined by the frequency of bigram. In the
same condition words were presented (e.g., vi/lain) where the frequency of the bigram
located at the syllable boundary (il) was lower than the frequency of the bigram located
in the initial syllable (vi). In the different condition, words were presented (e.g., vo/leur)
where the frequency of the bigram located at the syllable boundary (ol) was higher than
the frequency of the bigram located within the initial syllable (vo). The findings
indicated that both the bigram frequency and syllable frequency was influential but that
frequent bigrams required less processing time than infrequent bigrams irrespective of
syllable boundary and frequency (Kandel et al., 2011). Bigram frequency became more
influential for handwriting production from Year 4. This suggests that English common
consonant clusters (sp, spr, st, str etc.) are initially programmed phonetically, grapheme
by grapheme, but then processed as a sub-lexical orthographic unit. In the same way,
onset-rime may be programmed as orthographic units, for example “the c-at s-at on the
m-at”.
The linear sequence of spelling, words, and orthographic buffer in van Galen‟s model is
modified by Kandel and colleagues to extend the spelling module to “include a series of
sublexical units after the linguistic modules and before the motor modules” (p.1319).
Based on their findings, a case is presented for a psycholinguistic model of handwriting
production where the spelling module is represented as a single route structure of
processing levels (words, syllables, letters) operating in parallel (Kandel et al., 2011).
The models of handwriting production presented here lend theoretical support to
consider handwriting legibility as a means of evaluating how well Year 1 and Year 2
students have appropriated the linguistic features of written language at the word level
that must be reproduced in real time. In the experiments of van Galen and Kandel, the
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cognitive load of linguistic features led to longer movement durations and dysfluent
handwriting. The following section examines mental processes proposed to relate to the
writing process or composing self generated text. Goal setting, planning, memory
search, problem solving, evaluation and diagnosis, are mental processes that go into
composing self generated text (Bereiter & Scardamalia, 1987, p. xiii).

3.4.3 The writing process
Writing is hard work, that‟s why most students don‟t like doing it (John Hayes,
EARLI conference, Amsterdam, September 2009)
A model of expository writing in adults was derived through protocol analysis and first
presented by Hayes and Flowers (1980). The researchers adopted a think aloud protocol,
where adults said aloud everything they were thinking or whatever occurred to them
while performing a writing task (Hayes & Flower, 1980). Think aloud protocols go
some way to reveal cognitive activity so as to allow extrapolation of cognitive
processes. Based on their analysis Hayes and Flowers identified subprocesses of the
composing process that they organised into a „model of writing process‟. The major
components of the model were the task environment, the writer‟s long term memory,
and cognitive processes that occurred during the writing task. The cognitive process was
further divided into planning, translating and reviewing. Planning consisted of
subprocesses related to generating (ideas, text), organising, and goal setting. The
recursive nature of the planning and reviewing process was built into the model. The
function of translating was to take material from long term memory, guided by the plan,
and transform it into conventional coherent written language (Hayes & Flower, 1980).
Working memory was implied, but not explicated. The 1996 revision of the original
model included working memory, motivation and affect (Hayes & Chenoweth, 2006).
The writing process described by Hayes and Flowers was of expert writers but it
stimulated interest in “process writing” and process orientated instruction for writing in
schools (Graves, 1983). Process writing was enthusiastically adopted in Anglo-Saxon
countries and much has been written about the writing process approach; however, little
has been based on research (Pritchard & Honeycutt, 2006). According to Pritchard
(2006) the reason for lack of research is lack of consensus about what constitutes
process writing.
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The work on a model of writing process was conducted with adults (Hayes & Flower,
1980); in order to investigate the mental processes in children involved in composing,
Bereiter and Scardamalia (1987) compared novice and expert writers. Drawing on their
research findings over ten years, they concluded that composing was qualitatively
different for novice and expert writers (Bereiter & Scardamalia, 1987; Scardamalia &
Paris, 1985). Their conclusion was based on analysis of think aloud protocols collected
from students in Grade 4 to Grade 8 (novice writers) and adults (expert writers). A
single model of the writing process was inadequate to explain the differences between
novice and expert writers. Novice writers were not merely inexperienced expert writers;
instead, novice and expert writers approached the writing task in a different way. A
model of knowledge telling and knowledge transformation was proposed to explain
qualitative differences in mental processes of novice and expert writers during
composition.
Knowledge telling is “essentially a restatement of the child‟s thoughts” or stream of
consciousness (Kellogg, 2008). It has been noted that novice writers lack practice in
retrieving information and reduce writing to „just getting it down‟ (Graves, 1983, p.
252). Novice writers appear to engage in little planning prior to writing, although some
planning may occur once writing has commenced, and they seem to show little concern
for the main point. Novice writers do not elaborate writing goals; instead, they use their
knowledge „as it comes‟ without reconfiguring and integrating before they commit it to
text (Bereiter & Scardamalia, 1987). In contrast, expert writers appear to translate
knowledge held in long term memory and transform it to satisfy their writing goal.
Expert writers report their main goal is to establish a main point to convince or entertain
their intended audience. Observable differences between hypothesised states of
knowledge telling and knowledge transformation relate to: (i) the degree to which
writers adopt problem-solving strategies to get to the main point; (ii) the degree to
which the main point represents a development of initial knowledge as opposed to
straightforward telling, and as a result; and (iii) the degree of awareness the writer has
for the main point of the composition (Bereiter, Burtis, & Scardamalia, 1988, p. 265).
Interestingly, about the age of 10 to 14 years a qualitative developmental difference in
students‟ ability to plan as distinct from generating text without planning has been noted
(Bereiter & Scardamalia, 1987; Graves, 1983). Knowledge transformation emerges and
extends out from knowledge telling, it does not replace it. Table 3-2 compares some of
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the mental processes thought to contribute to writing composition; these processes
become more recursive over time (Bereiter & Scardamalia, 1987).
Expert writers have flexible access to both knowledge telling and knowledge
transformation processes, but research with professional writers suggest even more
sophisticated mental processes, knowledge crafting, where planned content and
prospective reader‟s interpretation of text are manipulated in working memory of the
writer in real time. Knowledge crafting is the result of a long apprenticeship, lasting at
least ten years, of deliberate practice to improve one‟s writing (Kellogg, 2008).
Extensive review and revision of ideas and how to organise those during the draft stage
are typical of knowledge crafting.
Table 3-2 Some differences in mental processes thought to relate to writing composition
Mental processes

Knowledge telling

Knowledge transformation

Cue to begin
writing

Usually external

May be internal (intention) or
external

Start-up time

Starts writing straight away,
little planning involved

May take some time to plan
before starting to write

Planning
(evidence from
think aloud
protocols)

Almost spend the same amount
of time thinking about writing
as writing, or

Thinking and planning takes
about 3 times the writing time
(planning and revising are
recursive)

Planning starts after writing
commences
Notetaking /draft

Usually linear

Usually a non-linear approach

Revision/editing

Usually no revision during
writing, maybe after writing,
but reluctantly

During and after, usually a lot
of rewriting

Knowledge telling and knowledge transformation are idealised descriptions of mental
processes that provide insight into why writing can be hard work for some students;
they are useful models to scaffold writing by giving students more information about
their cognitive processes. Graves noted that, “the writing process is discovered by doing
it” (1983, p. 250), but others report that novice writers are less aware of their cognitive
processes and most students need instruction to become aware of what they know
(Graham, Gillespie, & McKeown, 2012). Self regulatory strategies (Graham & Harris,
2000), otherwise described as metacognitive development (Bereiter & Scardamalia,
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1987) teach students to introspect. A number of teacher techniques to explore cognitive
processes, labelled open inquiry, were proposed by Bereiter and Scardamalia (1987),
namely: (i) teach students to think aloud; (ii) give students something concrete to do and
then discuss what, and how they are doing it; (iii) get students to describe, rather than
teacher prescribe; (iv) attend to students‟ non-verbal cues and use these as points of
discussion; (v) enlist the students‟ help to understand – get them to fill in gaps, restate,
confess incomprehension, check distortions; (vi) arrange tasks in order of increasing
complexity; and (vi) ask students to evaluate two approaches to a writing task modelled
by the teacher (Bereiter & Scardamalia, 1987, p. 324-330). Model based inquiry
techniques were specially designed to induce strategies related to knowledge
transformation. These techniques, in effect, reduce cognitive load. The first technique,
termed procedural facilitation, was instruction designed to “induce a simplified version
of the more advanced strategy” (1987, p.332). Students were still expected to actively
think, but with the teacher co-investigating (teacher posed fewer open-ended questions)
how to evaluate, diagnose, and revise their text. The second technique was to transfer
existing strategies to new domains. For example, „plan to reach a sentence to end your
writing‟, and „plan to say it another way‟ has similarities to planning and revising in
mature writing processes. The third technique was for peers to provide procedural
support. To assist students to support their peers, students were given a list of sentences
openers as prompts e.g., “I could make my point clearer if...” (Bereiter & Scardamalia,
1987, p. 331-335).
One omission of the mental process models presented by Bereiter and Scardamalia was
the role of handwriting in writing development (Berninger et al., 1996). Further research
into the writing process identified that handwriting and spelling accounted for over half
the variance of written output in primary students, Grade 1-3 (Graham et al., 1997).
Additional instruction improved the written output of students with poor handwriting
(Berninger et al., 1998; Berninger et al., 1997). However, lack of knowledge about
writing genres and conventions, as well as problems with planning and revising also
constrained written output. Revision of written work improved when students received
procedural support to coordinate elements of the revising process by means of seven
possible evaluative statements prepared by the teacher. The revision routine reduced
cognitive load because students were not required to devise their own evaluative
inquiry, even assuming they were in a position to do so. A number of strategies referred
to as self-regulated strategy development (SRSD), consistent with and extending those
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of Bereiter and Scardamalia, have been developed and are described in a meta-analysis
of SRSD studies (Graham & Harris, 2003).
In 2012, the US Department of Education released a report through the What Works
Clearinghouse entitled Teaching Elementary School Students to be Effective Writers
(Graham, Bollinger et al., 2012). Teaching handwriting is strongly supported but only
moderate evidence for instruction could be assigned due to the lack of suitable
instruments to measure handwriting. “Yet the panel believes instruction in handwriting
and spelling will help students produce higher quality writing, because as basic writing
skills become second nature, students can focus more of their attention on conveying
their intended meaning” (p.72). However, practising letters in isolation is regarded as
insufficient; practice must include writing words and sentences. There is also strong
evidence for developing self regulatory strategies to manage planning, drafting and
revising of written work.
In sum, the psychomotor and psycholinguistic models of handwriting respectively have
highlighted that cognitive, motor and linguistic processes, which draw on these
structures, are involved in handwriting. Studies related to the writing process highlight
different cognitive processes for novice and advanced writers that are strongly
influenced by instruction and reveal some developmental order (Scardamalia & Paris,
1985). There is strong evidence for minimising cognitive load when supporting students
to develop mental processes related to planning, drafting and revising of written work.
The tenets of cognitive load theory (Sweller et al., 2011) are outlined in the Chapter
Four.
This concludes the section on written language as structure and process as framework
for understanding written language during Year 1 and Year 2. Structure for written
language has been presented from the point of view of development and learning that
takes place in assumed socially responsive environments. The child is an active
participant in building structure; at the same time, the environment provides scaffolded
experiences that are contingent to building structure, and extend learning for the child.
Domains of development and learning that contribute to structure appear to follow some
developmental order and coalesce about the age of four to seven years so that most
children learn to read and write with instruction. Written language as process has been
presented as models of handwriting and the writing process was examined from the
standpoint of mental processes involved in composition. In this context, handwriting
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legibility in Year 1 and Year 2 can be seen acting as a proxy for the quality of
integration of written language as structure and process.
The following section examines the intersection of student readiness and educator
assessment for written language. The term student will be used to signal this transition.

3.5 Intersection of student readiness and educator
assessment for written language
...Knowledge is easy to him that understandeth (Proverbs 14:6, KJV)
To date, there is no single predictor that explains differences between students‟ literacy
achievement. The USA National Reading Panel conducted a meta-analysis of over
100,000 studies since the 1960s and concluded five main skills, explicitly taught,
contributed to reading development (and by extension to writing development)
(National Institute of Child Health and Human Development, 2000). Table 3-3 lists the
five skills as a domain for literacy instruction judged to represent a hierarchical order
(Lonigan, 2006). However, some point out that while phonemic awareness and phonics
should be taught early and thoroughly (Ehri et al., 2001), they should not be taught
exclusively (Paris, 2011, p. 239). At the same time, attention to oral language and self
regulation is also necessary (Diamond, 2010; Dickinson, Golinkoff, & Hirsh-Pasek,
2010).
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Table 3-3 Domain of literacy instruction related primarily to reading and by extension
to writing
Domain

Description

Phonemic awareness
(PA)

ability to isolate sounds of the language
(isolate, segment, and blend phonemes )

Phonics

letter-sound correspondence, digraphs, consonant
clusters (+ PA contribute to alphabetic principle)

Fluency

ability to decode letter patterns quickly with
appropriate phrasing and intonation (CVC,
CCVC)

Vocabulary

function words (syntax)
content words (semantics)

Comprehension
strategies

syntax/semantics
(self regulation, motivation, interest)

In the last 30 years, knowledge about the causes, correlates, and predictors for reading
success at school entry has increased (Lonigan, 2006); less is known about writing
success. The causes, predictors and correlates for written language are defined for the
purpose of this review. Hypothesised causes for reading and writing failure relate to
constitutional factors such as developmental dyslexia (Goswami, 2003), working
memory deficits (Alloway & Gathercole, 2006) and motor coordination disorders
(Chang & Yu, 2010). Genetic expression, biological interactions, brain development
and neural activity, are examined sites for causal factors (Berninger & Richards, 2010;
Goswami, 2003). Predictors are those known after the fact when differences between
good and poor literacy achievement have been identified. For example, relationships
exist between alphabet knowledge, decoding words, invented spelling and decoding
nonwords (Lonigan, 2006); however, studies have consistently shown that intensive and
multifaceted inventions can positively affect predictors (Whitehurst & Lonigan, 1998).
In other words, predictors are largely determined by the results of instruction. Correlates
for reading and writing success refer to print in general and include anything related to
alphabet letters as print, such as books, name writing and „invented‟ spelling.
Not all so-called predictors for literacy achievement are normally distributed in the
student population beyond about the age of seven to eight years. “Constrained skills are
distributed at different mastery levels between people only during the brief period of
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acquisition. They are mastered 100% by everyone eventually, whereas unconstrained
skills are distributed between people on a norm-referenced continuum over the life
span” (Paris, 2005, p. 190). Constrained skills are phonemic awareness, acquiring the
alphabetic principle and learning to handwrite the letters of the alphabet. Unconstrained
skills are reading comprehension and written expression that continue to develop over a
lifetime. In the period from around age four to seven years, most students come to
understand written language. There is a transition from not reading to conventional
reading as decoding and from not writing to writing as independent retrieval of letters
during writing tasks (Gentry, 2006). Paris (2005) argues this period shares four
characteristics that limit our understanding of the developmental trajectory for reading
and writing. The first characteristic is unequal learning. Some students learn to write
letters but are unable to recite the alphabet correctly. Some know letter sounds but not
letter names. When a cohort of students is „learning‟ the alphabet, their scores may be
normally distributed, but this is no longer the case under the second characteristic,
which is mastery. Skills develop from nonexistent to fully acquired and so necessarily
exhibit ceiling and floor effects for the so-called constrained skills. For example, the 26
letters of the alphabet represents a ceiling for learning. The third characteristic is
universality. Compared to the similarity over most of the life span, the differences
during acquisition of universally mastered skills (in terms of onset, rate or duration) are
minor (Paris, 2005, p. 190). Most students can learn to read and write with instruction
around seven years of age, although for some it costs more effort and requires
individually targeted instruction. While much variability exists at school entry, in a
relatively short period of time similarity, in contrast to variability, between most
students is evident. The fourth characteristic is co-dependency. Letter knowledge is a
necessary, but insufficient skill, to read and write. The simultaneous and integrated
development of language and literacy skills makes it difficult to separate relations
between them during the acquisition phase. It is precisely for this reason that evaluation
and analysis of literacy development, whilst it is acquired, is important. Given the
dynamic relationship between nominated predictors, performance variability is
information (van Geert, 1991), and can assist educators find the best fit, or zone of
proximal development, for instruction. Once students can read and write, advanced
skills for writing and reading becomes increasingly differentiated (Juel, 1988).
Correlates are those that share similar traits. Second grade reading is strongly related to
first grade reading according to a secondary meta-analysis into reading achievement
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conducted on the combined results of three meta-analyses (n=450 studies) (Hammill,
2004). Being exposed to print was considered critical to reading progress, and by
extension to writing progress. "Clusters that correlate the highest with reading are other
written language skills involving letters, words, sentences, and composition...generally,
they are acquired through specific instruction" (Hammill, 2004, p. 464). Phonics,
explicit print based instruction in letter to sound correspondence, and early writing
activities showed larger effect sizes for reading achievement than for phonemic
awareness activities in the absence of print. In contrast to print based activities, nonprint activities such as intelligence, working memory, rapid naming (quick naming of
presented pictures, colours, numbers and letters), and oral language revealed only small
effect sizes (Hammill, 2004); however, their influence should not be underestimated
(National Early Literacy Panel, 2008). Handwriting instruction is strongly supported on
the basis of this meta-analysis because handwriting is literally hands-on print. Indeed,
the physical act of handwriting letters is thought to contribute to their representation in
memory and therefore facilitate reading (Longcamp, Anton, Roth, & Velay, 2003).
Early literacy skills are prerequisite for later literacy development, but treating
constrained skills as normally distributed can present difficulties for understanding
assessment results (Paris, 2011). Literacy assessment in the early years has changed
little over the past decade, but assessment for early reading should include at least the
domains of instruction identified by the National Early Literacy Panel (NELP), namely
phonemic awareness phonic knowledge, ability to decode, vocabulary and
comprehension (Care, Griffin, Crigan, & Tsurutani, 2011). Depending on teachers‟
definition of literacy, more assessments may be conducted (Barratt Pugh & Oakley,
2007; Oakley & Barratt Pugh, 2007). No formal assessments for handwriting or writing
are reported in reviews of assessments for early literacy, but teachers routinely ask
students to write their name and individual letters of the alphabet. Understanding the
dynamic relationship between literacy variables when students enter school is the art
and science of evaluation and instruction.

3.5.1 Differentiated instruction and effective teachers
Not all children enter school with the same literacy skills related to reading and writing.
The need for a developmental understanding of literacy instruction has been highlighted
by ongoing research (Paris, 2005; Suggate, 2010). For example, in a meta-analysis of
116 studies conducted with students from preschool to Grade 7, differential effects for
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reading instruction across the grade levels was found. Phonics instruction was most
effective until Grade 1, after which comprehension and mixed interventions produced
larger effect sizes (Suggate, 2010).
The potency of developmentally informed instruction was highlighted in a USA study,
which conducted naturalistic observations of language instruction in four Grade 1
classrooms (Juel & Minden-Cupp, 1999). Considerable variation in instructional
practice was found between them. Each classroom had no more than 17 students and
classrooms divided students into three reading groups that reflected their literacy skills.
Classroom 1 was labelled traditional, in the main because students received the same
instruction regardless of their literacy levels. Classroom 2 provided differentiated
instruction with middle and low groups involved in word sorts. The low group also
received teacher modelling how to chunk words, mainly restricted to onset-rime.
Classroom 3 made extensive use of trade books and all the reading groups spent time
writing in their journals. There was little direct phonics instruction and the teacher relied
on peer coaching to facilitate word recognition. Classroom 4 was the most phonics
orientated and instruction differed considerably between groups. Instruction also
changed as the year progressed. By mid-year the highly sequenced phonics curriculum
conducted with the low group was completed. Instruction changed to involve more
discussion of vocabulary and text. No pre-test differences for the low reading group in
each classroom had been detected. A post-test by the end of the year, all children in the
low group in Classroom 4 were reading at or near or at grade level. Children with high
literacy skills at school entry did better in Classroom 3 with less phonics and more time
spent reading and writing. However, the most successful classroom overall was
Classroom 4 because all the students could read by the end of the year (Juel & MindenCupp, 1999). Classroom 4 had provided differentiated, structured and sequential
instruction mapped to the results of literacy assessment at school entry.
In the same way, intense and highly sequenced direct instruction with monitoring of
letter formations early in Grade 1 is likely to have similar beneficial effects for written
expression (Hoy, Egan, & Feder, 2011). Gaps in alphabet knowledge need to be
addressed concurrently (Jones, Clark, & Reutzel, 2013). The emphasis of instruction
changes in response to students‟ performance. Effective teachers exploit the clear
overlap between writing, reading, spelling, and sentence construction (Berninger,
2007b).
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Research into teacher practice in Australia also adopted naturalistic observations in
classrooms all over Australia. The study, In Teachers Hands, was conducted nationwide with Year 1 and Year 2 students and teachers (Louden et al., 2005). The aim was
to report teaching practices that improved literacy outcomes. Teacher literacy practices
were assessed across six domains: participation; knowledge; orchestration; support;
differentiation; and respect. The criterion of teacher effectiveness was assigned based on
students‟ assessment achievement, prior to the conducted observations. Multilevel
analysis was used to determine effective teaching practice, which was based on
students‟ prior performance and observation of teacher classroom practice. Effective
teachers enabled their students to perform significantly above expected levels for their
class grade. The study found no difference in generic literacy activities in the early
years (phonics, shared book reading, modelled writing) between effective and less
effective teachers. However, effective teachers demonstrated a wider range of literacy
practices than did less effective teachers. Effective teachers taught phonics within a
wider context of reading, writing, and spelling lessons and focused on text level
features, an effective strategy indentified elsewhere (Hammill, 2004). In addition,
effective teachers possessed extensive literacy teaching repertoires that enabled them to
adjust pace, adopt metalanguage to extend concepts, extend feedback and provide
challenge according to classroom ability levels (Louden et al., 2005). It is salient that
the same activities were used by both effective and less effective teachers, yet with the
same activities effective teachers educated their students to achieve significantly above
expected grade expectations for literacy.
Early differentiated instruction resonates with the third characteristic nominated by
Paris (2005), that of universality. Children demonstrate considerable variability in
literacy development when they enter school. Nevertheless, effective teachers expect
their students to learn to read and write and they understand their role as educators is to
narrow the distribution of constrained skills. A goal of an effective teacher is student
mastery of constrained skills. Effective teachers reduce inter-student variability during
the acquisition of universally mastered skills (Paris, 2005).
The following section reviews the performance components that are commonly
associated with handwriting (Amundson & Weil, 1996; Bonney, 1992; Tomchek &
Schneck, 2006).
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3.6 Contribution of formal instruction and intervention
for written language
We cannot reduce a child to a pair of eyes that see, a pair of ears that listen, a
phonatory apparatus that emits sounds, or a hand that clumsily grips a pencil
over a piece of paper. Behind or beyond the eyes, the ears, the phonatory
apparatus, and the hand, there is a subject who thinks and tries to incorporate
into what he already knows this marvellous means of representing and
recreating language known as writing, all systems of writing (Ferreiro, 2000, p.
60).

3.6.1 Biomechanical considerations
Learning to handwrite letters according to conventional formations to generate text as
communication is the culmination of a long construction process. By the time students
receive formal instruction, there is some expectation that performance components such
as posture and pencil grip have been mastered. Correct seating posture and a dynamic
tripod pencil grip are routinely emphasized in commercial handwriting copybooks.
Poor posture, balance, and muscle tone contribute indirectly to handwriting legibility
(Smits-Engelsman et al., 1996; Tomchek & Schneck, 2006) as demonstrated by a study
with Year 3 students, observed during a writing task. Prior to the writing task, students
were assigned as either a proficient or non proficient writer based on their performance
on the Hebrew Handwriting Test (Rosenblum, Goldstand et al., 2006). A significant
positive relationship between body posture and handwriting fluency (r=.75), and
number of words produced per writing task (r=.67) was found. Non-proficient writers
were overrepresented in the poor body posture group. Body positioning is generally
emphasised during handwriting instruction. The optimal position is considered to be
knees and hips flexed at 90° and feet flat on the floor, and writing surface two inches
above student's flexed elbow height (Benbow, 1995). Too-large or too-small classroom
furniture affects body posture and is disadvantageous for students' handwriting (SmithZuzovsky & Exner, 2004).
There is a positive correlation between poor pencil grip and poor handwriting legibility.
An efficient pencil grip contributes to legibility, but poor pencil grip is not a cause of
poor handwriting (Summers, 2001; Ziviani & Elkins, 1986); rather, its contribution to
handwriting is indirect. In an attempt to standardise observation for pencil grip, an
occupational therapist devised a frame of reference for pencil grip to inform clinical
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practice when addressing handwriting difficulties in students aged 6 ½ to 10 years
(Schoen, 2001 ). However, despite 12 weeks of intervention, most students did not
attain a more adaptive pencil grip overall, although sub-components of their grip did
improve. Any demonstrated changes to pencil grip occurred early in the intervention
period. Increased handwriting legibility was noted in students who made positive
changes to their pencil grip. This led to the recommendation that an efficient pencil grip
should be actively encouraged in beginning writers, (often resulting in more legible
script), but if the pencil grip proves resistant to change the focus should be diverted to
other known contributors of poor handwriting (Schoen, 2001). Modified pencil shafts,
such as thicker pencils, triangular-shaped pencils and commercial pencil grips can
support an efficient pencil grip, but generally have limited utility to improve
handwriting (Burton & Dancisak, 2000; Ferriell et al., 1999). In addition, there appears
to be little evidence to suggest that a left-handed pencil grip places students at a
disadvantage for handwriting (Graham & Weintraub, 1996).
In The Netherlands, considerable variation in writing posture, pencil grip and writing
movements in children between five and six years of age was observed when they were
learning to handwrite (Hamstra-Bletz, 1993). This echoes a comment by Hildreth in the
USA when she began observing four groups of kindergarten children aged four to five
years. At intervals of nine months over a period of two years, children completed a
battery of tests copying shapes, numbers and letters, as well as writing numbers and
letters to dictation. At the end of the observational period she noted (Hildreth, 1932, p.
4),
During the period between the ages of approximately four and seven the
subjects of the experiment progressed from a stage of learning that was vague,
confused, and incoherent, to a stage of maximum clarity and ease of
accomplishment. The excessive squirming and superfluous large muscle
movements, the indecision, failure, enormous struggle and discouragement of
the youngest pupils had disappeared by the time of the end test and had given
place to orderly workmanship with ease of accomplishment in which superfluous
movements had been reduced to a minimum in which the child clearly showed in
his total behaviour, his familiarity with the task, his success with it and his
delight in it.
Fine motor skills receive weak and ambiguous support for being critical to handwriting
development (Graham et al., 1997) and handwriting is reported to be fundamentally a
linguistic act (Abbott & Berninger, 1993, p. 503). However, from a dynamic system
perspective fine motor ability represents a support element for a system that self
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organises around written language. Poor fine motor abilities do not cause handwriting
difficulties, but good fine motor abilities support handwriting legibility. That is, good
fine motor skills are usually associated with good legibility, but poor fine motor skills
may, or may not, be associated with good legibility. The contribution of the
environment to promote conditions that encourage fine motor skills and good posture
has been highlighted in a previous section.

3.6.2 Handwriting instruction
There is converging evidence that reading, writing, and spelling development
are integrally related (Bear et al,, 2008, p. 15).
Handwriting requires instruction and practice, and unsystematic independent attempts
should be avoided, but evidence for optimal handwriting instruction programs are
mixed at best (Asher, 2006). When handwriting is considered as a motor skill, the
principles of motor learning are particularly relevant during acquisition, and for
retention, of handwriting performance (Amundson & Weil, 1996; Overvelde & Hulstijn,
2011b; Vinter & Chartel, 2010). Motor learning refers to relatively permanent
movement capability acquired through practice or experience (Schmidt & Wrisberg,
2008). During the acquisition phase of motorically reproducing letter forms, how and
when letters are introduced, the structure of practice and nature of feedback are teacher
considerations contingent on students‟ skill levels. Student self-evaluation is
encouraged (Case-Smith, Holland, Lane, & White, 2012).The relatively permanent
changes in cognitive structures for capable movement to form alphabet letters may be
viewed as synonymous with automaticity. Quick, independent recall of correct letter
formations (automaticity) is considered a necessary requirement of handwriting
instruction (Jones & Christensen, 1999).
There is evidence that the acquisition and independent reproduction of legible letters
and words continues to develop well into the second grade (Mojet, 1991). A USA study
found that by the end of Grade 1, students had mastered 75% of the alphabet letters. By
Grade 2 students had mastered 92% of letters with no additional improvement in Grade
3 (Graham, Weintraub, & Berninger, 2001). Dutch children made dramatic
improvement in handwriting during Grade 2 and Grade 3, which reached a plateau in
Grade 4, but legibility decreased once formal handwriting instruction ceased (HamstraBletz & Blote, 1993). Similar results have been found in Australian studies (Ziviani &
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Elkins, 1984) and Norway (Sovik et al., 1986). Girls outperformed boys in all studies
cited. The reasons for decreasing handwriting legibility upon cessation of formal
instruction may be more complex than advocating a return to „more of the same‟
instruction administered during the acquisition phase (Medwell, Strand, & Wray, 2009).

3.6.2.1 Sensory motor approaches to handwriting instruction
The sensory motor approach to handwriting instruction is an umbrella term for
approaches predicated on the view that sensory and motor “neurons that fire together,
wire together” (Hebb, 1949). Kinaesthetic and perceptual motor training are reviewed
here.
Poor kinaesthetic feedback has been cited as the cause for drawing and handwriting
difficulty (Laszlo & Broderick, 1991). Kinaesthesia provides sensory information about
the body and limb position, the direction, and velocity of movement, and the level of
underlying tension in the muscles (Laszlo & Bairstow, 1985). The handwriting
program, Loops and Other Groups (Benbow, 1990), is promoted as a kinaesthetic
writing system to address handwriting problems and prescribes a method of instruction.
The instructor models the target letter on the board. Students are required to „trace‟ the
letter in the air moving from the shoulder reciting the teacher‟s verbal cues. Students
then close their eyes to visualise the letter and „trace‟ the letter again, this time using
movement from the wrist and fingers. The trace sets the pattern for the motor plan. The
student handwrites the letter ten times and circles the best one. In addition to visualising
the letter and reciting the verbal cues, multiple motor repetitions are advised to
consolidate mental schema for the motor plan (Benbow, 1990).
Another handwriting program informed by a sensory motor perspective is Handwriting
Without Tears - HWT (Olsen, 1998). The program comes with a number of copybooks
and the instructor monitors the student‟s work closely. The program emphasises that
instructors should demonstrate letter formations, provide consistent verbal cues and
monitor students‟ efforts so that good habits are established. The verbal cues act as a
mnemonic for forming the letters and letters are taught in letter groups. For example, c,
a, d, g, o, q are taught as „magic c‟ letters, all starting with the letter „c‟. The student
imitates the letter reciting the verbal cue as they are forming the letter. There is
immediate correction by the instructor for letter formations incorrectly commenced or
sequenced. The rationale is that handwriting is a kinaesthetic habit and if children are
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allowed to practise writing with incorrect strokes, incorrect motor patterns will be
reinforced. The HWT program uses lined paper specifically designed to assist students
maintain letter size and adhere to ascender and descender conventions.
Although kinaesthesia is considered an important performance component of
handwriting, a randomized control trial found no evidence for kinaesthetic training over
handwriting practice in Grade 1 students (Sudsawad, Trombly, Henderson, & TickleDegen, 2002). The students were assigned to one of three experimental conditions.
Group one received kinaesthetic training. Group two received additional handwriting
practice at home by copying sentences, and group three acted as control. Kinaesthetic
training was based on kinaesthetic training tasks devised by Laszlo and Bairstow
(1985). The lack of evidence for kinaesthetic training was queried in light of the fact
that Grade 1 children may use visual rather than kinaesthetic feedback when they are
learning to handwrite (Wallen, Goyen, & Duff, 2007). Another reason may be that the
kinaesthetic group did not receive the benefit of additional practice in handwriting;
instead, they received additional practice in kinaesthetic training tasks. Practice of
sensory motor performance components may provide indirect benefits, but cannot
replace direct instruction and monitored practice of handwriting (Hoy et al., 2011). It is
handwriting letters that contributes to the memory of letter form, orientation, and
function (Longcamp et al., 2006; Longcamp et al., 2005).
When the perceptual motor approach to handwriting instruction and practice was
introduced in the 1960s, it was a departure from copybook instruction that was
prevalent at the time (Dobbie & Askov, 1995). Instead of copybooks, students needed to
be taught the conventional sequence of strokes to form letters, aided by teacher
demonstration (Furner, 1969b). Furner taught students to observe the teacher write and
say the number, order, direction, and size of strokes of the letter. Students repeated back
the sequence of the letter formation and observed the teacher write the letter again.
Students were alerted to where to start the letter, how big it was, the direction of letter
strokes and when they had to stop. The language used for verbal cues was precise e.g.,
'start at the top', rather than 'start here'. The students were then expected to write the
letter, using the same verbal cues. Letters were introduced in common formational
groups and formal generalisations were made about them. In this way, it was
hypothesised that the child internalized the letter model for self-evaluation, prediction
and correction. Grade 1 students outperformed peers who did not use the perceptual
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motor approach when writing text, but Grade 3 students still using the same approach to
handwriting did less well than their peers (Furner, 1970). The benefit of perceptual
motor approaches appears most beneficial when commencing formal instruction, but
become counterproductive over time. This has also been noted in the UK where one
group of Grade 3 students were still practising handwriting as penmanship. Their
writing was the most legible of their cohort, but they achieved lower scores on
composition length and quality compared to their peers (Medwell et al., 2009).

3.6.2.2 Handwriting instruction: Evidence from neuroimaging
There is increasing evidence that handwriting letters augments visual processing of
letters in preliterate children and increases letter identification (James, 2010). Research
using brain imaging studies to examine the relationship between handwriting and
reading (Longcamp et al., 2003) have led to the hypothesis that handwriting as a
sensory motor modality contributes to the visual recognition of letters (Longcamp et al.,
2005). To explore the influence of writing practice on letter recognition children (n=38)
aged between three to five years were assigned to one of two groups, handwriting and
typing. During the pre- and post-test condition one of 12 target upper case letters
appeared on a computer screen. The target letter appeared with three distracters: a
mirror image of the target letter; a transformed target letter by adding or removing a
stroke, and; a mirror image of transformed letter. The age range was accommodated by
assigning children to groups: younger (M, 3.2 years); middle (M, 3.9 years), and; older
(M, 4.4 years). At pre-test, children were asked to identify the „proper letter‟ from the
target and distracter letters. Little difference existed between the three age groups. In the
training condition the target letters were embedded into four words of a familiar story.
Children had to either copy or type the four words twice. The training sessions lasted 30
minute and held once per week for three weeks. A post-test to identify target („proper‟)
letters was administered at one week, and at three week, post training. At post-test one
week later, the older children showed a significant advantage in obtaining more correct
responses compared to the younger and middle group, but at three weeks, only those
who received the handwriting training condition retained the older group advantage.
These results suggest that handwriting helps children to memorise the form of a letter
(Longcamp et al., 2005, p. 77).
A similar research design was adopted with adults (n=12; M, 25 years) using ten
characters of the Bengali and Gujarati alphabet (Longcamp et al., 2006). Adults were
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assigned to a handwriting and typing condition. The target character appeared on a
computer screen for five seconds. Participants then had to handwrite or type the
character. The training condition was one-hour sessions per week for three weeks. At
post-test participants were required to find the „proper‟ character, which was presented
with three distracters (same format as described in previous study) on a computer
screen. Participants were tested three times: immediately post training; one week later,
and; three weeks later. The handwriting advantage became significantly apparent at
three weeks. The typing group were more likely to select mirror images of the target
character suggesting that handwriting helped the participants “to orient the characters
correctly in space”(Longcamp et al., 2006, op. 652). Handwriting appears to facilitate
memory for the spatiotemporal sequences involved in forming discrete letters.
The dynamic relationship between action and perception is strengthened by experience
that is self generated (James, 2010; Piaget, 1953). Functional magnetic resonance
imaging (fMRI) has shown a functional connection between action and perception in
adults, but this is a new area of research for children (James, 2010; James & Engelhardt,
2012). Twelve healthy preliterate children aged 4.3 years to 5.4 years were divided into
equal groups, one assigned as the experimental group and the other as control group; all
participated in a pre-test scan (James, 2010). Early literacy concepts were tested and no
differences between groups for letter recognition or literacy concepts were detected. The
children participated in three types of tasks in a training session lasting 30 minutes.
First, force-choice of four alternatives (letter, letter reversed, false font letter, false font
letter reversed) was administered to assess letter recognition. For example, the
participant was asked to point to the „J‟. Second, the experimenter read a story to the
child that contained the letter in words, which were highlighted. Third, the letters were
presented on a piece of paper. The experimental group copied the words using both
lower and upper case letters and were given feedback on their handwriting accuracy.
The control group were required to identify the words in the story but not to write them
(visual recognition condition). The children returned one week later for a follow-up
scan and all were presented with five stimuli – letters, false font letters, words, false
font words, and shapes. Compared to the visual recognition group (control), children
who had been exposed to the handwriting condition showed activation patterns for
letters and words similar to adult activation patterns for letters and words (James, 2010).
According to James, printing, which couples visual and motor systems, is an important
contributor to letter identification (James & Atwood, 2009).
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Extending the 2010 study, James took 15 preliterate children aged five years and
assigned four conditions – control, printing (free-form copying), tracing and typing
(James & Engelhardt, 2012). No differences between the groups were found on tests of
motor performance, copying geometric shapes and literacy concepts. The hypothesis
underpinning the study was that accurate letter formations by tracing and typing do not
contribute to letter knowledge as printing does, even though letter formation during
copying may not be as accurate. There was no pre-scan; a fMRI where children
passively view letters and shapes was conducted after the training condition. The
activation patterns for letter perception were then compared for the different training
conditions. The results indicated that only the printing condition recruited the motor
areas and also showed more recruitment of the visual areas when children were
presented with letters. There was a significant difference between the printing and
tracing condition (p<0.01, effect size=1.2) and between printing and typing was
significant (p<0.01, d=1.5). The typing and control group displayed similar effects
(James & Engelhardt, 2012).
The creation of writing action-perception networks segues into the notion of motor
programs or schemata (structure) for writing alphabet letters. Handwriting has been the
archetypical task to apply theories of motor programs (Summers & Anson, 2009).
Movement scientists have studied handwriting letters and words by means of movement
sequences, relative timing, and relative force to identify motor program control features
for handwriting; the dependent variables being overall duration and force of movement
trajectories (Plamondon & Clement, 1991; Portier, 1994; Teulings, Mullins, &
Stelmach, 1986). Although there is a lack of consensus about what a motor program is,
it is understood to have a role in movement learning and execution (Summers & Anson,
2009) that is outside conscious control (Schmidt & Wrisberg, 2008). Motor programs
are related to concepts of automaticity. In contrast, a motor plan is understood to have a
conscious component (Summers & Anson, 2009). The motor plan describes the self
generated active handwriting experience of free-form copying that requires cognitive
engagement (conscious control) as the student endeavours to execute an accurate copy.
Theoretically, with feedback and self-evaluation over time, there is less conscious
experience of planning the motor action to execute the letter because mental
representations or structure for letters become permanent (Schmidt & Wrisberg, 2008).
A transition to a motor program is signalled when a letter can be independently
retrieved and accurately executed without a visual cue. Although motor programs may
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be assumed to exist as structure, it does not preclude the notion of assembly in real-time
to meet environmental demands (Thelen & Smith, 1994). That is, connections for realtime assembly of motor programs become the structure.

3.6.2.3 Handwriting instruction: Script considerations
There is an assumed relationship between sensory motor learning and perceived
difficulty of the type of handwriting script. The call to simplify handwriting scripts is
not new (Hildreth, 1963) and various attempts to do so have not secured lasting
improvements in handwriting legibility. In the past, some have advocated strongly for
italic cursive style (Fairbank, 1932), others strongly against (Western, 1977). Research
has found no support for manuscript print (ball and stick style) being superior to italic
cursive or vice versa (Graham, 1994). There is no evidence that cursive script makes the
transition to „joined up‟ writing easier (Graham, Berninger, & Weintraub, 1998).
Examination of student handwriting in one school, but different classrooms, found the
teacher‟s handwriting style on blackboard or written comments influenced student‟s
handwriting, irrespective of the handwriting style adopted by the school (Sassoon,
1991). Nonetheless, within a single school, the adoption of one handwriting style with
consistent verbal cues and formation sequences for classroom instruction seems a
logical first step toward simplifying handwriting scripts. It remains the discretion of the
teacher whether or not additional modifications need be made for individual students.
Instructional practices in classrooms vary, but a number of effective handwriting
practices have been identified through research. They include frequent lessons, direct
and explicit instruction, demonstration and modelling, verbal cues and guided practice
such as numbered arrows to sequence letter formations, real time feedback as students
form the letters, independent practice, student self evaluation and integrated literacy
lessons (Vander Hart et al., 2010; Weintraub, Yinon, Hirsch, & Parush, 2009).
According to neuroimaging studies, the use of copying is superior to tracing or typing to
learn alphabet letters. A transition to free-formed letters accompanied by effective
instructional practices listed above appears to be optimal.

3.6.3 Handwriting intervention
Handwriting difficulties do not improve without direct instruction (Hoy et al., 2011;
Medwell & Wray, 2007) and practice (Ziviani, 1995). A recent systematic review of
handwriting interventions for students with identified handwriting difficulty compared
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11 studies; treatment effectiveness was based on effect size (Hoy et al., 2011). Direct
instruction and the length of intervention demonstrated the largest effect. Intervention
with fewer than two practice sessions per week and fewer than 20 practice sessions in
total were ineffective. Students with poor handwriting demonstrated variable features
for letter formation, spacing, size and slant (Graham & Weintraub, 1996), inconsistent
pencil pressure (Wann & Nimmo-Smith, 1991) and displayed more excursions when
forming letters (Benbow, 1995). They are more likely to show stress, fatigue and take
frequent breaks while writing (Rosenblum et al., 2003). In an exploratory study to
explicate effective interventions for students with poor handwriting, 144 students at risk
of handwriting failure (average age 6.72 years) from a cohort of 600 students, were
randomly assigned to six different conditions (Berninger et al., 1997). One group was
assigned control; the remaining five were subjected to a variety of interventions. They
were: (i) motor imitation following teacher modelling; (ii) visual cues, following
numbered arrows to direct writing sequence in letter production; (iii) memory retrieval,
where students were required to cover letters and write them from memory; (iv) visual
cues and memory; and (v) copying. The control group received phonemic awareness
training. In each group, prior to each writing trial the letter was named twice. The
findings showed that each intervention improved handwriting in comparison to the
control group. The group demonstrating the greatest improvement was the assigned
visual cues and memory group, suggesting an additive effect for combining intervention
approaches. However, not all students improved. Those who did not improve were
considered to have a constitutional based learning disability related to writing
(Berninger et al., 1997). Poor handwriting that fails to respond to instruction is rarely an
isolated problem; "the child's failure to transcribe (handwrite) is the tip of the iceberg"
(Hooper et al., 1994, p. 401).
The results of the study (Berninger et al., 1997) are outlined in Table 3-4 and based on
those reported for the 144 students receiving intervention. The table outlines the
intervention condition and the percentage of students who did not improve. Almost a
third (30%) of the students did not improve (n=44). However, these students were taken
from a cohort of 600 students. Assuming a normal population, it suggests that at least
7.3% of students may not respond to handwriting intervention (600/44).
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Table 3-4 Non-responders to handwriting intervention in Berninger et al. 1997
No. in group
(extrapolated)

Intervention condition

24

Motor imitation
(demonstration)
Visual cues (numbered
arrows)
Memory retrieval

24
24
24
24
24

Visual cue & memory
retrieval
Copy
Phonemic awareness
(control group)

% who did
not improve
(reported)
33

Number
(extrapolated)

37.5

9

8

2

4

1

42

10

58

14

8

Learning to handwrite takes time; not only is it a complex motor skill, but also part of a
complex body of knowledge, written language. Students explicitly instructed in
handwriting do better at handwriting. Combined visual and verbal demonstrations are
superior to either visual or verbal modelling alone for most students (Graham &
Weintraub, 1996). Activities such as discussions about how to form letters, monitored
practice, spelling and writing have been shown to contribute significantly to individual
differences amongst primary students (Flynn & Stainthorp, 2006). Effective teachers
have a wide and varied repertoire in teaching literacy and balance direct skills training
with contextual based literary experiences. Co-teaching handwriting with occupational
therapists in Grade 1 has demonstrated particular benefits for students who entered
school with low handwriting legibility. Handwriting legibility increased postintervention and was maintained at six-month follow-up (Case-Smith et al., 2012).
Handwriting difficulty is a common referral for occupational therapists and
multisensory approaches are the most commonly adopted intervention (Feder et al.,
2000). However, cognitive strategies are also common, such as describing the letter
formation and self evaluation. To compare the effectiveness of cognitive versus
multisensory approaches to intervention for handwriting difficulty, Grade 1 and Grade 2
students (n=72) were randomly assigned into three equal groups: cognitive or
multisensory approach, and control group (Zwicker & Hadwin, 2009). Handwriting
legibility, the outcome variable, was determined by the Evaluation Tool for Children‟s
Handwriting (ETCH) (Amundson, 1995). Pre-test, there were no differences in
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handwriting legibility scores. Each student received individual occupational therapy for
30 minutes each week for 10 weeks. The sequence of letters was lowercase and
presented in similar formed letter groups. The cognitive group emphasised
metacognitive awareness via demonstration and imitation, discussion about similarities
of letters, practice and self-evaluation. The multisensory group emphasised the feel of
the letter after instructor demonstration via various sensory modalities: „sky‟ writing,
sand tray, glitter glue letters, tracing and copying. The child imitated the instructor.
All Grade 1 students improved letter legibility, confirming that students can be expected
to improve handwriting legibility when provided with classroom instruction that is
directed towards forming letters correctly. Grade 2 students however, demonstrated a
difference between the intervention and control group. Both intervention groups
improved compared to the control group, but there were no differences between the
intervention groups. Secondary analysis was conducted on the pre- and post-test scores
of each group. Percentage comparisons were calculated from these scores. In Grade 1
the multisensory group did better than the cognitive group, but it was not statistically
significant. In Grade 2, 45% of children in the cognitive intervention group improved,
but 44% of Grade 2 multisensory group performances worsen after intervention, which
is unexpected. The effect size (1.09) for cognitive versus multisensory change scores for
Grade 2, was large. A limitation of this study was the short intervention period (Zwicker
& Hadwin, 2009). Multisensory strategies appear better placed at the beginning phases
of handwriting acquisition, but to reduce variability of letter formations (more likely in
Grade 2) requires cognitive engagement, attention, motivation and self evaluation.
This concludes the section on handwriting instruction when students are learning to
handwrite. The following section provides a short overview of assessment and
measurement as precursor to handwriting assessment.

3.7 Assessment and Measurement
The purpose of assessment in written language is to diagnose and remediate, measure
growth and monitor process, provide feedback to students, and report back to parent and
education authorities (National Inquiry into the Teaching of Literacy, 2005, p.17). Some
childhood educators make a distinction between assessment for learning and of learning
(Fellowes & Oakley, 2011). Assessment is a procedure, which estimates an amount or
value for an attribute and often involves a test or observational record. An attribute may
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variously be labelled as variable, construct, trait or ability. In the health and social
sciences, measurement is the estimation of ability or attribute relative to a unit on a
scale inferred from assessment performance to inform decisions for further management
(Humphry & Heldsinger, 2007). Assessments should operate the same way across
groups; for example, no gender bias should be present.
Assessment and evaluation are sometimes understood synonymously but these terms are
differentiated here. Evaluation is defined as the (professional) judgment of assessment
findings (Gullo, 2005) and the purpose of evaluation is to provide an explanation for
assessment findings (Tomchek & Schneck, 2006). Stated simply, evaluation is a cycle
of reflective practice – what (assessment results), so what (inference), leading to now
what (instructional design) (Kolb, 1984). The need for assessment that accurately
measures students‟ learning becomes obvious when significant decisions are based on
the results that assessments provide.
The mode of assessment may be either formal or informal. According to Gullo, “the
term assessment can be used interchangeably with measurement” (p. 6), however it will
be demonstrated later in this dissertation that this view is problematic. Formal
assessment usually refers to standardised tests with reported reliability and validity.
Reliability refers to the internal consistency of the test used in the assessment and
indicates the amount of measurement error associated with the scores (Frisbie, 1988). A
reliable test should yield similar results upon repeated administration of the same test. A
Cronbach alpha coefficient is usually used to assess the internal consistency reliability
of a test; in educational measurement reliability coefficients should be at least 0.85
(Frisbie, 1988). As an indication of internal consistency, Cronbach‟s alpha is the degree
to which all the items of the test contribute to the same construct. Informal assessments
represent a broad range of assessment modalities that are not restricted to uniform
procedures for administration and scoring: for example, observation checklists and
running records.
Formal standardised tests have undergone a number of statistical procedures, which
means strict uniform procedures must be adhered to in the administration and scoring of
the test (Weiten, 1989). A test may be either norm-referenced to allow comparison with
others of similar chronological age or criterion-referenced. Norm-referenced tests report
standardised scores (mean and standard deviation), percentile scores, and age equivalent
scores. In norm-referenced tests the standard deviation is the unit of measurement if true
85

scores have been converted to standardised scores (Weiten, 1989). An individual
student‟s response is compared to the response of the group sample used to construct
the test. In other words, the classification of an individual‟s response depends on the
group response. Criterion-referenced tests indicate attainment of a performance level
according to specified standard requirements of the task(s) under consideration.
Classification is by means of cut-off scores (Glaser, 1963; Gullo, 2005). Cut-off scores
are sometimes expressed as a percentile rank when the performance of a large sample is
compared.
Norm-referenced assessments are constructed using classical test theory (CTT), which
is based on the assumption of the true score to reflect the nominated attribute (Weiten,
1989). In practice, the true score is made up of the observed or raw score, and
measurement error. A random sample is necessary a priori to construct the test because
the property of the test is defined in terms of variation in the population or a normal
distribution to make statistical inferences about that population. The linear
unidimensionality of the raw scores is assumed. The raw scores of the random sample
become ordered on a linear continuum after transformation to another score (e.g., zscore), but the continuum produced by CTT describes the sample used to construct it.
Therefore, it is essential that the characteristics of students administered formal
standardised assessments reflect the characteristics of the sample used in test
construction because measurement of student performance, the standard deviation, is
derived by comparison to the sample used to construct the test (Weiten, 1989). Item
difficulty is determined by its discriminatory power, which is the proportion of persons
passing the item (total item scores/number of people scored/number of item levels).
According to Kline, items should be rejected if they fall outside proportions of 0.2 to
0.8, as they are deemed to be poor discriminators (Kline, 2000). Item difficulty depends
on the group sample used to construct the test.
Content, criterion, and face validity is subsumed under a unitary concept of construct
validity, to which the test must conform (Messick, 1989). Validity is the degree to
which an evaluative judgement of empirical evidence and theoretical rationale support
the adequacy and appropriateness of inferences and actions based on test scores
(Messick, 1989, p. 5). Validity is demonstrated when test scores conform to a
mathematical model of measurement to derive a linear unidimensional scale. However,
as Andrich has explained, unidimensionality is a relative concept (Andrich, 1988, p. 9).
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Therefore, substantive theory and a priori consideration to the structure of test scores is
advised prior to devising a test; in other words, there needs to be a conceptualisation of
what is being measured.
The definition of measurement proposed by the British Association for the
Advancement of Science states: “Measurement, in the broadest sense, is the assignment
of numerals to objects or events according to rules” (Stevens, 1946, p. 677). This
definition can lead to misconceptions about measurement for formal assessments
constructed using CTT, and informal assessments in particular; numbers may be
assigned as labels without a relationship or a unit of comparison established between
them. The definition of measurement adopted in this study is that measurement is the
estimation of one magnitude or quantity compared to another magnitude or quantity,
relative to a unit (Humphry & Heldsinger, 2007) and in order for measurement to be
useful for inference (evaluation), it needs to be linear and reproducible (Wright & Mok,
2004). The features of measurement include: (i) representation of an attribute on a linear
continuum; (ii) comparison of the attribute relative to a defined unit; and (iii) an origin
as reference point for the defined unit (Humphry & Heldsinger, 2007). There are two
simultaneous goals when constructing assessments as measurements; one, to better
understand the nature of the attribute under consideration, and two, to formally assess
the location of an individual‟s possession of the attribute on a scale (Andrich & Marais,
2011a). The measurement model informs how the data is represented on a scale. The
Simple Logistic Model (SLM) developed by Rasch (1960) places a priori restrictions so
that data must conform to the model. The SLM has one person and one item parameter.
The basic Rasch assumptions are that (a) each individual is characterised by an ability
and (b) each item is characterised by a difficulty, which (c) can be expressed in numbers
on one line and therefore (d) allows performance to be compared (Bond & Fox, 2001, p.
26). Data analysis tests these assumptions. If data do not fit the model, anomalies
become informative in relation to the attribute being tested.
In contrast, CTT assumes a normal distribution (linear continuum) and that the attribute
is unidimensional. This raises the question of invariance. The essential criterion of
invariance is that the parameter of an assessment, the item difficulty, should be
independent of the distribution of the abilities of the person being measured and that
different subsets of those items can be used to make equivalent measurements (Andrich
& Marais, 2008 ).
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This concludes the short overview of assessment and measurement and leads into the
description of handwriting assessments that follows.

3.7.1 Handwriting assessment
There are a number of handwriting assessments commercially available (see Appendix
C), but teachers and/or specialist services rarely utilise them (Feder et al., 2000). The
Denver Handwriting Analysis developed by Anderson (1983) and the Test of Legible
Handwriting (TOLH) developed by Larsen & Hammill (1989) are no longer in print due
to insufficient demand (Tomchek & Schneck, 2006). Classical test theory has been the
dominant paradigm for developing norm-referenced handwriting assessments such as
the TOLH and Minnesota Handwriting Assessment (MHA) developed by Reisman
(1999). Many assessments of handwriting are based on both writing legibility and
writing speed (Feder & Majnemer, 2003), which raises the question of
multidimensionality. The most commonly used handwriting assessment methods have
been global-holistic or analytic assessments rating of legibility to predetermined criteria
(Rosenblum et al., 2003). Global-holistic rating scales include those devised by
Thorndike (1912), Ayres (1912), and Freeman (1959).
The perceived inadequacy of early global-holistic rating scales to differentiate
handwriting led to the development of the analytical approach (Rosenblum et al., 2003).
Analytic assessment of handwriting provides more information according to criteria of
legibility, but the scoring system becomes more complex as precision increases
(Graham & Weintraub, 1996). Often a ruler or transparency is used, which is time
consuming and may limit the test‟s utility. The use of transparent overlays is sensitive to
personal style, but not sensitive enough to accurately monitor gradual improvement in
handwriting that may result from maturation, age, or intervention (Rosenblum et al.,
2003). Ziviani & Elkins (1984) found moderate correlations (r=0.52 to 0.71) with
overlay and descriptions of letter formations, but others have argued that conforming
overlays is not the same as assessing for handwriting legibility (Graham & Weintraub,
1996; Talbert-Johnson, Salva, Sweeney, & Cooper, 1991). The use of handwriting
assessments that require transparent overlays and rulers are largely restricted to research
studies.
Few quality instruments are available to assess handwriting (Tomchek & Schneck,
2006). Criteria of quality are the psychometric properties of assessments. Test reliability
has been easier to achieve than test validity (Graham & Weintraub, 1996) and a demand
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for valid and reliable tools assessing handwriting remains (Feder & Majnemer, 2007).
Tomchek and Schneck (2006) recommend the norm-referenced MHA, but the
handwriting test is of near point copying only. The following handwriting assessments
have received some attention in the literature.

3.7.1.1 Beknopte Beoordelingsmethode voor Kinderhandscriften
(BHK)
The Beknopte beoordelingsmethode voor KinderHandscriften (BHK) or Concise
Evaluation Scale for Children‟s Handwriting is a criterion referenced scale of 13 items,
designed to identify students with dysgraphia (Hamstra-Bletz, 1993). It has been used
extensively as a research instrument in handwriting studies, particularly in Europe, and
can be administered individually or to groups (Graham & Weintraub, 1996). Dysgraphia
is defined as a written language disorder that concerns mechanical writing skill. It
manifests itself in poor writing performance in children of at least average intelligence
who do not have a distinct neurological disability and/or overt perceptual-motor
handicap (Hamstra-Bletz & Blote, 1993, p. 690). The BHK was standardised on Dutch
students in Year 2 (n=121) based on their handwriting specimens of near-point copied
text on unlined paper for five minutes. The cut off scores (10th percentile or below) for
dysgraphia are based on the original sample. A 2011 study with Dutch students in Year
1 and 2, found significantly more students with dysgraphia using the 1993 cut-off scores
than for the original sample and concluded that handwriting performance has
deteriorated over the last 20 years (Overvelde & Hulstijn, 2011a).
Assessment results on the BHK do not necessarily generalise to classroom performance.
Only a weak, although significant, relationship was found between teacher assessment
of handwriting and BHK, with 25% agreement for boys and 12% for girls (Simons &
Defourny, 2004). The teachers completed a questionnaire to explicate which features
they used to evaluate handwriting. An even lower correlation (n.s.) between the BHK
and teacher evaluations was established; it was apparent that each teacher had his or her
own implicit norm for handwriting according to the child's age. Maertens (1998) found
more agreement between teachers' judgment, based on letter size, neatness and global
impression, than agreement between teacher judgment and the BHK (cited in Simons,
2004). These findings query the validity of the BHK to discriminate handwriting
performance beyond the copying task. In addition, the term dysgraphia is problematic
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because it describes performance and provides no insight into underlying dysfunction
for poor handwriting. The BHK is no longer in print.

3.7.1.2 The Evaluation Tool of Children's Handwriting
The Evaluation Tool of Children's Handwriting (ETCH) (Amundson, 1995) was
designed to detect poor handwriting in students with learning difficulty. There is a
separate assessment designed for manuscript (ETCH-M) and for cursive script (ETCHC). It is a criterion-referenced standardised tool based on global legibility with a number
of criteria and incorporates writing tasks that are individually administered. Legibility is
defined by how easy each letter is to read for the examiner. Percentage scores (correct
letters/total number of letters) are obtained for four different tasks, namely: copying;
dictation (three nonsense words); composition (free writing sentence of at least seven
words), and; numerals (dictated). Percentages for legibility are influenced by how many
letters are written by the student. The ETCH rates global legibility as a percentage score
of correct letters and numbers over all possible letters and numbers. The scores are
ranked, identifying the writing condition that produced the best handwriting, but caution
is advised if reporting legibility percentages for individual tasks as results are less stable
than for total legibility scores (Diekema, Deitz, & Amundson, 1998). Inter-rater
reliability using Pearson coefficients show acceptable levels of reliability, r=0.64 to
0.94 for inexperienced raters and r=0.63 to 0.91 for experienced raters. Instrument
validity has been harder to demonstrate. Similar to the BHK, the scores obtained on the
ETCH-M were found not to relate to teacher evaluations when the ETCH-M was
administered to 45 Grade 1 students (M, 6.11 years; SD, 5 months) reported to have
illegible handwriting by their teachers (Sudsawad, Trombly, Henderson, & TickleDegnen, 2001). However, it is noted that in both cases (BHK and ETCH-M) no
reliability was reported for teachers‟ evaluation methods. Sudsawad (2001) queried
whether handwriting obtained on a single occasion in a clinical setting using the ETCHM is easily translatable to the classroom.
As highlighted, some handwriting assessments are available commercially, but teachers
and/or specialist services rarely utilise them (Feder et al., 2000). Global-holistic
evaluations provide an overview of legibility, but are considered unreliable. Analytic
evaluations provide more information according to legibility criteria, but increasing
precision increases the complexity of the scoring system (Graham & Weintraub, 1996).
Test-retest reliability for younger students has proven difficult with considerable inter90

and intra-variability. Graham and Weintraub (1996) offered two reasons for the poor
adoption of handwriting assessments: (i) handwriting programs are about instruction
and not about measuring effectiveness; and (ii) teachers are not taught to evaluate
handwriting as an indication of handwriting progress. According to Graham, four
variables must be controlled for, in a handwriting assessment: (i) the construct; (ii) the
handwriter; (iii) the test or assignment; and (iv) the rater. Legibility is not a unitary
construct and defining legibility by the characteristics of handwriting has proven
problematic. "It is not clear whether each characteristic or a composite of these
characteristics constitutes legibility...and...since it is difficult to define measurement, it
is hardly surprising that an adequate standard of handwriting has been equally elusive"
(Graham, 1986, p.64).
The disadvantage of handwriting assessments based on the test score, is their focus on
group responses. Standardised scores are sample dependent and in most cases scores are
based on limited writing tasks. To this end, based on the BHK, Year 1 and Year 2 Dutch
students were worse at copying in 2011 than in 1993 (Overvelde & Hulstijn, 2011a). It
is unclear what this means for an individual student‟s writing development. The ETCHM has a range of tasks that allows the rater to distinguish handwriting between tasks,
but it is clinically administered and results have shown limited transferability to
classroom writing tasks. Test validity is limited when limited inferences can be made
about classroom writing tasks from test scores.
The focus of the present research is not handwriting speed, but is mentioned here as
legibility and speed are often assessed together. There are few assessments for
handwriting speed alone. The most commonly used is the Handwriting Speed Test
(HST) (Wallen et al., 1996), which was normed on Australian school children. Students
are required to copy The quick brown fox jumps over the lazy dog as neatly and quickly
as they can for three minutes. The short time spent copying has been questioned as a
true reflection of speed. A study to norm-reference the HST for 8-to 18-year-old
students in the Irish education system recommends adding a further nine minutes to the
current three minute test (O'Mahony, Dempsey, & Killeen, 2008). The Detailed
Assessment of Speed of Handwriting (DASH) is a recent publication suitable for
students aged 9.0 to 16.11 years (Barnett, Henderson, Scheib, & Schultz, 2007). The
correlation between handwriting speed and legibility is small (-0.20 to 0.27) (Graham,
Berninger, Weintraub, & Schafer, 1998). Interventions to improve handwriting often
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impact legibility but not handwriting speed (Feder & Majnemer, 2007; Klein, Guiltner,
Sollereder, & Cui, 2011). If students cannot write legibly, then speed loses relevance.
On the other hand, although legibility is necessary, it is not sufficient in the long time.
Handwriting speed is also necessary. It may be the case that speed and legibility are
different constructs; handwriting speed may be more related to individual differences in
language skills, content knowledge, motor proficiency and processing speed (Leonard et
al., 2007).
In summary, available handwriting assessments are sample dependent, which questions
validity. Copying tasks dominate and this reduces information about students‟ ability to
handwrite legibly in classroom writing tasks. Few assessments cater for students
learning to handwrite. The ETCH-M caters for Grade 1 students but test results have
shown limited transferability to classroom performance. The evaluation of handwriting
as written language and its contribution to literacy development is therefore limited.
What is missing in the literature is an assessment that acts as a measurement of
handwriting during the period students are learning to handwrite, in order that
inferences can be drawn from test results about the dynamic relationship between
written language as structure and process. To date, handwriting assessments have been
mainly descriptive, consistent with a classic test theory paradigm. This is a gap in the
research literature that will be addressed in this dissertation. The following section
provides a brief summary of the literature review and outlines the contribution of the
study to existing scholarship.

3.8 Summary of the literature review and contribution of
the study
In contrast to oral language, written language is not universal. Historically, the
development of written language as a sociocultural object of knowledge has not
followed a single direct line from inception to writing systems known today; instead,
the path has been full of discontinuities (Fromkin et al., 1990; Vygotsky, 1978). In the
same way, the developmental progression of students in appropriating written language
may not demonstrate a linear trajectory. That some students seem to acquire written
language effortlessly should not be taken as a benchmark for all students. Even children
from advantaged backgrounds may struggle to understand the links between written and
oral language by the time they enter the school system (Ferreiro & Teberosky, 1979).
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This study is concerned with the alphabetic writing system and has examined research
conducted in English speaking or European language groups.
Although written language is the backdrop, handwriting legibility during Year 1 and
Year 2 is the focus for the research. In this dissertation, it is proposed that handwriting
legibility can act as a proxy to reflect the integration between written language as
structure and written language as process. Irrespective of advances in technology, the
superiority of handwriting to word processing when learning to write has been
demonstrated empirically in numerous studies (Berninger, Abbott, Augsburger, &
Garcia, 2009; Connelly, Gee, & Walsh, 2007; James & Engelhardt, 2012; Longcamp et
al., 2006). Therefore, understanding handwriting development remains paramount.
Written language as structure refers to the slow construction of written language from a
child‟s first exposure to print as a baby to their arrival at school. Implicit instruction in
written language is ubiquitous in literate environments that are socially responsive to
children‟s interests. Drawing on the literature, in this dissertation a case has been
presented to consider developmental domains related to graphic behaviours,
phonological awareness, sensory motor development, oral language and self regulation
as structures that dynamically converge around the age of four to seven years for most
children, with instruction, to appropriate written language. At school entry, early
explicit instruction in phonemic awareness, phonics, and letter formation build on these
early structures for written language.
Written language as process refers to the translation of thoughts and ideas into print by
means of handwriting letters. The interdependent relationship between structure and
process is assumed. Written language as mental process is about writing by means of
handwriting and involves working and long term memory. Two models of handwriting
were presented that emphasise concurrent hierarchical and parallel processing of
cognitive, motor, and linguistic activity. Research demonstrates that the structure of
single words can mediate handwriting production and these effects may be extrapolated
to extended text (Kandel et al., 2011). The writing process at the level of text generation
involves cognitive processes concerned with planning and translating words into
sentences. Cognitive load increases as the complexity of the writing task increases. In
Australian schools, typical writing tasks in Year 1 and Tear 2 are copying, dictation, and
composition; these tasks reflect an increasing magnitude of cognitive load. Copying
requires cognitive effort to direct the motor plan to form the letters. Dictation requires
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cognitive effort as in copying plus real time processes of hearing and converting sounds
to letters. Composition requires cognitive effort as in dictation (internal speech
converted to letters) plus real time planning of how to sequence words.
Handwriting instruction and monitored practice contribute to motor programs so that
letters may be quickly retrieved and consistently formed. This is known as handwriting
automaticity (Jones, 2004). Handwriting that cannot be read has no value as written
communication; therefore, it may be said that legible handwriting is the outcome
criterion for formal handwriting instruction. Handwriting legibility reflects the integrity
of written language as a mental structure and how efficiently mental processes access
structures, manipulate, and organise language to print. Given this unique juxtaposition,
handwriting legibility complements the evaluation of early literacy achievement and it
has already been established that early literacy achievement predicts later literacy
achievement.
To understand the development of handwriting legibility and its contribution to
evaluating early literacy achievement, sound rulers for development are necessary (Rose
& Fisher, 1998). Handwriting is rarely assessed formally. The few formal handwriting
assessments available are mainly standardised tests of copying. This seriously
compromises the validity of the test as copying does not reflect typical classroom task
demand beyond Year 1 and Year 2. In addition, standardised assessments provide a
standardised score for performance at one point in time based on the handwriting
performance of students on whom the test was standardised. The standard deviation as
the unit of comparison is often inadequate to inform changes in instruction. Currently,
no assessment instrument exits to measure handwriting legibility for writing tasks of
increasing cognitive load - copying, dictation and composition - in Year 1 and Year 2
classrooms. Any work that advances an assessment of handwriting legibility should be
directed toward developing an instrument that can act as a measurement and capture the
effects of cognitive load on handwriting for Year 1 and Year 2 students. The present
research aimed to achieve such an instrument.
It is proposed that handwriting performed under conditions of increasing cognitive load
during the period students are learning to handwrite is a valid construct to measure. For
reasons that will be explained fully in the following chapter, the Rasch Model is a
measurement model well suited to analysing the scores of writing assessment tasks
structured to be developmental and therefore was used to help construct the instrument
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and examine its psychometric properties. Assessment data that fits the Rasch model
provides a continuum of achievement. Student placement along a continuum allows
hypotheses to be generated about how well, or not, and why not, students have
appropriated the underlying construct. The construction of such an instrument would
facilitate modelling the shape of development related to written language in early
primary school. In addition, it would contribute to the evaluation of literacy
achievement.
This study contributes to the body of knowledge related to written language, specifically
handwriting legibility for Year 1 and Year 2 students learning to write. Learning to
handwrite is integral to writing development. Writing achievement in Australia has not
progressed in the last five years according to NAPLAN scores (Australian Curriculum
Assessment and Reporting Authority, 2011b). This finding is echoed in UK (Tymms &
Merrell, 2007) and USA studies (Salahu-Din et al., 2008). Writing underachievement is
of concern because the negative effects on academic performance are pervasive. The
interdependent relationship of poor academic achievement with social determinants of
health and wellbeing is well documented (Keating & Hertzman, 1999).
This study makes an original contribution by presenting an alternative perspective on
handwriting legibility during the period students are learning to handwrite. Handwriting
legibility is presented as a proxy for the integration of written language as structure and
written language as process that are foundations for literacy achievement. This extends
handwriting legibility beyond motor performance and copying. The examination of
handwriting legibility under typical task conditions of increasing cognitive load
administered in the classroom, contributes to test validity. Finally, this study has elected
to use the Rasch model to construct an assessment instrument to act as a measure.

95

Chapter Four: Cognitive Load
4.1 Introduction
This chapter sets out the thesis underpinning Study One and Study Two and the design
of the instrument to score handwriting legibility. Central to the design of the instrument
is the focus on real time processing of handwriting tasks for students in Year 1 and Year
2 that relates directly to written language as process. Real time refers to a time span in
which acts contributing to handwriting performance, in response to environmental
demands, occur entirely within that time frame as moment by moment cognitive
processing (Rayner, 1998). The chapter will briefly review information processing
theories and provide a rationale for the design of the study, outlining the selection of
handwriting tasks and design of the items.
Information processing theories are primarily concerned with how knowledge and skills
are acquired (Rose et al., 2012). In the context of this chapter, knowledge refers to
knowledge of written language that is applied directly to handwriting performance. Skill
refers to knowledge of written language that is observed directly by handwriting
performance. In information processing theory, cognitive architecture (structure) is
assumed and learning (growth and change) occurs by means of a dynamic relationship
between structure and process. The stimulus for change – novel information - comes
from the environment. The overarching dynamic systems perspective remains salient.
Early models of cognitive architecture proposed a two-component model for processing
information, namely, long term memory and short term memory (Atkinson & Shiffrin,
1968). Input from the environment was deemed to be processed in short term memory
before being stored in long term memory; the notion of short term memory was later
revised to be replaced by a multi-component system termed working memory (Baddeley
& Hitch, 1974).

4.1.1 Baddeley and Hitch model of working memory
There are different models of working memory (Miyake & Shah, 1999), but the
Baddeley and Hitch model is well known and continues to inform research (Baddeley,
2003). According to this model, working memory is a limited capacity system that
allows temporary storage and manipulation of information for complex cognitive tasks
(Baddeley, 2000). The components of the working memory system are the central
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executive and two subsidiary systems, the phonological loop, which holds speech-based
information, and the visuospatial sketchpad for visual information (Baddeley & Hitch,
1974). The central executive controls attention and has no capacity for storage. There is
mounting evidence that visuospatial memory in typically developing children can be
separated into memory for spatial information and memory for visual information
(Henry, 2012). A fourth component, the episodic buffer has been added to the model to
emphasise integration of information rather than isolated subsystem storage and
manipulation (Baddeley, 2000). The episodic buffer is a temporary store for multimodal
information, in that it binds together information from different sources in working
memory (Henry, 2012); it is reminiscent of the storage buffer in the psychomotor model
of handwriting (van Galen, 1991).
The Baddeley and Hitch model of working memory has informed a number of studies
related to working memory and cognitive abilities in children (Alloway, 2006; Alloway,
Gathercole, Willis, & Adams, 2004; Gathercole, Pickering, Knight, & Stegmann, 2004).
The focus of these studies has been to investigate the structural organisation of working
memory “to understand subsequent academic development” (Alloway et al., 2004,
p.102); that is, to investigate causal factors for academic progress. The consistent
finding is that poor working memory negatively impacts on literacy and numeracy
learning (Alloway, 2006; Alloway, Rajendran, & Archibald, 2009; Henry, 2012) and
that processing deficits are more common in students with learning disabilities
(Gathercole et al., 2004). Based on these findings, classroom interventions have been
designed to “minimise working memory failure and enhance learning opportunities”
(Gathercole & Alloway, 2008, p. 67). According to Gathercole, working memory
failure occurs when working memory capacity is overloaded (p.63) and based on
children‟s identified working memory problems, teachers report they adjust what they
expect children to achieve (Gathercole & Alloway, 2008, p. 101). Unfortunately, the
adjustment of expectations can mean lowering expectations. For this reason, the
identification of deficits in working memory capacity can be a blunt instrument with
which to inform instruction. Instead, what is required are instruments that can measure
the effects of working memory on performance along a developmental continuum, to
assist in evaluation of progress and inform further instruction (Griffin, 2007). The
notion of working memory segues into cognitive load theory and provides the
framework to examine the relationship between performance achievement and working
memory.
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4.1.2 Working memory is cognitive load: Cognitive load theory
The vast bulk of information is obtained via the borrowing and reorganising
principle [where cognitive load theory meets the zone of proximal developmentmy insertion] (Sweller et al., 2011, p. 27)
The inefficiency of problem solving as a learning strategy was the initial impetus for
research into cognitive load theory (Sweller, 1988). It was observed that during the
learning phase of new material, adult students required to solve problems with minimal
guidance did not display learning as expected. However, when provided with worked
examples, students‟ learning and generalisation of skills improved. Similarly, the
reviews of discovery based learning approaches, prominent in the late 20th century,
suggest that instructional guidance in early education is more effective than „pure‟
discovery for children‟s learning and knowledge transfer (Hattie, 2009; Mayer, 2004). A
caveat is that the advantage of external guidance is diminished when students have
sufficient knowledge for „internal‟ guidance as impetus for further learning; an example
is tracing for students who can already copy or independently write letters. Information
that is essential for the novice may become redundant for the „expert‟, possibly resulting
in a redundancy effect. The redundancy effect operates when unnecessary information
negatively impacts learning or performance (Sweller & Chandler, 1991). From the
previous example, continued tracing may counterintuitively result in more letter
formation errors with incomplete starting and stopping points or incorrect progression
of strokes.
Cognitive load theory (CLT) is an information processing theory concerned with
learning acquired through the dynamic relationship between instruction and cognitive
architecture (Paas, Tuovinen, Tabbers, & Van Gerven, 2003; Sweller, 1988). The theory
assumes a cognitive architecture made up of long-term memory or schemata (Chi,
Glaser, & Rees, 1982), with varying degrees of automation (Schneider & Shiffrin,
1977), and a limited working memory capacity that includes partially independent
components to deal with visual and auditory information (Baddeley & Hitch, 1974). In
CLT, working memory is synonymous with cognitive load (Sweller et al., 2011, p. 45);
cognitive load is working memory.
Cognitive load theory differentiates between three types of cognitive load at the specific
level (Gerjets, Scheiter, & Cierniak, 2009; Sweller, van Merrienboer, & Paas, 1998):
intrinsic, imposed by the nature of the information to be learnt or complexity of the task
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to be performed; extraneous, imposed by the manner in which the information is
presented, or; germane, the mental effort expended to deal with the information.
Intrinsic, extraneous and germane cognitive load are assumed to be additive as each
contributes information elements to be learnt or processed. According to the theory,
learning involves conscious processing of information and requires considerable effort
but, with deliberate practice, acquired schemata can be used automatically with minimal
to no conscious effort (Kellogg, 2008; Schneider & Shiffrin, 1977; Shiffrin &
Schneider, 1977). Understanding occurs when all necessary interacting elements can be
processed in working memory; skilled performance comes from acquiring automated
schemata (Sweller et al., 2011).When cognitive load is too high, access to long term
memory (LTM) and the ability to add elements to LTM schemata is compromised; on
the other hand, learning increases when cognitive load is decreased (Sweller et al.,
1998, p. 251). Most studies reported in the CLT literature detail extraneous cognitive
load and task presentation (Tuovinen, 1999; Van Merrienboer & Sweller, 2005), instead
of tasks per se, which represent intrinsic cognitive load (Beckmann, 2010).
Cognitive load theory has been criticised because it has proved difficult to measure
cognitive load (de Jong, 2010; Gerjets et al., 2009). It is argued that more attention
needs to be paid to the different sources that contribute to cognitive load, such as the
effects of task complexity, environmental supports or detractors, and individual
differences in storage and processing capacity of working memory resources
(Beckmann, 2010; de Jong, 2010; Moreno, 2010). Intrinsic cognitive load is intrinsic to
a specific task (Sweller et al., 2011) and the complexity of the task becomes a proxy for
(intrinsic) cognitive load. Intrinsic cognitive load cannot be measured directly, but the
effects of the dynamic relationship between structure and process can be inferred from
performance.
The current study incrementally increased the cognitive load in writing tasks to study its
effect on handwriting legibility. Handwriting performance was assessed by comparing
legibility on the same criteria for each task. Each task demanded successively increased
cognitive load, representing a coherent series of hierarchical tasks (Griffin, 2007).
Measurement of the effects of cognitive load on legibility allows inferences to be made
about the dynamic relationship between written language structure and process that
inform the evaluation of instruction and learning. Handwriting instruction should be
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designed to help students build on their existing mental structures (Glaser et al., 1987)
and the design of instruction changes as expertise develops.

4.2 Manifestation of the latent dynamics between
structure and process
One of the primary intentions for educators is to monitor and foster student academic
progress. To assist in that process, educators draw on experience and set criteria to make
qualitative judgements of performance (Glaser et al., 1987). The ability to make
qualitative incremental judgements implies there is a continuum of performance in
relation to the designated task or item. There is an assumption of continuous change in
the underlying structures responsible for that performance. In other words, growth and
change are reflected in an implied developmental continuum (Heldsinger, 2012).
According to cognitive load theory, growth and change (understanding) comes from
ever more complex schemata that are constructed by combining lower level elements
with higher level elements (Gerjets et al., 2009; Sweller et al., 2011). If handwriting is
considered a lower level element for higher level writing schemata, as the literature
related to automaticity suggests (Medwell et al., 2007), then handwriting performance
becomes important for understanding the continuum of writing development.
From a dynamic system perspective, the period when students are learning to handwrite
in Year 1 and Year 2 may be described as a transition state toward a stable state for a
personal legible handwriting style, the prescribed outcome of the Australian
Curriculum. In the transition state, handwriting variability is expected (Graham &
Weintraub, 1996), but informative. The stability of a legible handwriting style is tested
when performance is subject to perturbation. Intrinsic cognitive load is such a
perturbation, and can be manipulated according to the task. Handwriting legibility is
„disturbed or stressed‟ by the secondary influence of intrinsic cognitive load, so as to
expose the integrity of the dynamic relationship between structure and process. The
following section introduces the tasks used in the study and explains why they are
deemed to represent different levels of cognitive load.

4.2.1 Handwriting tasks
A test for handwriting is only valid if students have received some instruction in
handwriting (Borsboom, Mellenbergh, & van Heerlen, 2004); such instruction may
include informal instruction in the home (Dunsmuir & Blatchford, 2004). In Western
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Australia, some children receive formal handwriting instruction before statutory school
entry, but this cannot be assumed. By Year 1, all students have received some form of
handwriting instruction; therefore, the study was directed at Year 1 and Year 2 students,
who are generally five and a half to seven and a half years of age. The complexity of
writing tasks by means of handwriting quickly increases in Year 1 and Year 2 and as
indicated in the literature, the most common task for assessing handwriting in early
learners is a copying task.

4.2.1.1 Copying as a handwriting task
The first kind of instruction for handwriting students often receive is based on tracing
and copying letters. Students progress to near-point copying words and sentences in
teacher prepared or commercially available copybooks. Copying sentences from the
board, which is far-point copying, would be a natural extension to such instruction. Farpoint copying requires students to handwrite a sentence with established spaces between
words and letters correctly formed by the teacher. Students do not need to be able to
read the words they are copying or comprehend the meaning of the sentence. Such a
task has minimal cognitive load compared, for example, with the cognitive load usually
required when producing writing as self generated text. The cognitive load in copying is
elaborated in section 4.2.2.1.
Partly because it is a common component of handwriting teaching, a far-point copying
task was included in the instrument constructed for the research reported here. However,
in order to study the thesis that cognitive load governs the quality of handwriting in
early learners, tasks that involve greater cognitive load than copying were also devised.

4.2.1.2 Dictation as a handwriting task
The first of these tasks was a dictation task, where students were required to write
words in response to the teacher dictating them. The reason dictation of this form
constitutes greater cognitive load than copying is that it involves students attending to a
teacher‟s speech and transforming speech sounds into (independently retrieved) written
letters in real time. These features are elaborated in section 4.2.2.2.

4.2.1.3 Composition as a handwriting task
The second of these tasks was a composition task in which students were required to
independently generate text in response to teacher instruction. Composition or self
generated text is the criterion task to which writing proficiency advances. Ultimately it
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is intended that the student can communicate, in writing, generating their own
compositions of ideas. The reason that composition of this form has a higher cognitive
load than dictation is that, in addition to the requirements of dictation, it involves the
generation and maintenance of multiple ideas, retrieval of grammatical rules, retrieval
of lexicon, and self monitoring to remain on track in real time while handwriting. These
features are elaborated in section 4.2.2.3.
It should now be clear that the expectation is that: if a student can handwrite legibly in
dictation, handwriting legibility in copying can be taken for granted and if a student can
handwrite legibly in composition, handwriting legibility in dictation can be taken for
granted. To reinforce why this may be so, copying, dictation and composition are
examined from the point of view of task complexity. In CLT, intrinsic cognitive load is
determined by task complexity.
Tasks are defined as a set of behaviours directed toward the specified outcome. In this
study, the outcome is a legible handwritten product (Beckmann, 2010; Wood, 1986).
According to Wood (1986), it is generally accepted that the following are essential to all
tasks: products (the outcome); required acts (property of the task) and; information cues
(„pieces‟ of information necessary to complete the task). He proposed three dimensions
to analyse task complexity: component complexity; coordinative complexity; and
dynamic complexity (Wood, 1986). In this study, these dimensions are viewed as
interacting elements representing intrinsic cognitive load. The following section will
examine copying, dictation and composition at the level of component complexity,
coordinative complexity and dynamic complexity. Although each dimension is
examined separately, the division is somewhat artificial because they are interacting
elements in real time.

4.2.2 Task complexity: component complexity
Component complexity is defined by the number of required acts to be executed and
information cues to be processed to produce a product (Wood, 1986). Complexity is not
the same as difficulty. A complex task can be simple or difficult.

4.2.2.1 Copying
The literature has demonstrated that kindergarten students with alphabetic knowledge
and those proficient at writing their name do better at copying letters (K. Diamond et
al., 2008; Gerde et al., 2012; Molfese et al., 2011). Copying from the board is an
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authentic classroom activity; to copy a pangram, using every letter of the alphabet at
least once, directly tests students‟ ability to copy letters sequenced in words, ordered in
a sentence.
A summary of the required acts and related information cues for copying from the board
is shown in Table 4-1. As a caveat, the list of acts and cues is not necessarily
exhaustive and to a certain extent, the criteria of „plausible and logical‟ informed the
selection of required acts and information cues for copying, dictation and composition.
The tables are set out in a linear fashion, but the recursive nature of writing tasks may
be assumed.
Table 4-1 Required acts and information cues for far-point copying
Required acts for copying

Information cues for copying

1. Sit upright

1. Internal vestibular and proprioceptive
response to gravity
2. Egocentric space (limbs in relation to trunk)

2. Hold pencil

1. In-hand sensory-motor feedback
2. Pencil grip calibration

3. Stabilise paper

1. Paper moving/not moving
2. Paper positioned correctly

4. Attend to board

1. Text on board (orientate)
2. Relevant text (scan and locate)

5. Visually process text on board

1. What to write (visual acuity)
2. (Visual) discrimination of letters
3. Where to write (spatial arrangement of
letters on page)

6. Copy static text model

1. (Visual) memory of letter
2. Capital letter (begin), Full stop (finish), left
to right orientation
3. Letter strokes, slant, size, spacing,
placement

4.2.2.2 Dictation
To take dictation, students need alphabetic knowledge, an understanding of what a word
is, and they must independently retrieve letter representations and motor programs
(Molfese et al., 2011). Alphabetic knowledge is necessary because students must map
letter representations to the sound(s) they hear, that is, grapho-phonic knowledge, how
letters represent sounds (Fellowes & Oakley, 2011). A summary of required acts and
information cues for taking dictation is shown in Table 4-2.
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Table 4-2 Required acts and information cues for taking dictation
Required Acts for Dictation

Information cues for dictation

1. Sit upright

1. Internal vestibular and proprioceptive
response to gravity
2. Egocentric space (limbs in relation to trunk)

2. Hold pencil

1. In-hand sensory-motor feedback
2. Pencil grip calibration

3. Stabilise paper

1. Paper moving/not moving
2. Paper positioned correctly

4. Orientate to speaker

1. Auditory acuity for speech sounds
2. Speaker location (attend)

4. Understand speech

1. Semantic and syntactic congruence

5. Process speech

1. Isolate speech phoneme(s) and
combinations of phonemes (auditory
processing) - segmentation
2. Chunk speech patterns (syllable/onsetrime)

6. „Translate‟ speech

1. (Visual) mental representation of letter (s)
mapped to phoneme(s)

7. Handwrite letters

1. Auditory memory trace of phoneme(s)
2. (Visual) memory trace of letter(s)
3. Motor program for (sequenced) letters

8. Space sequenced words

1.Where to write (spatial arrangement of
letters on page, left-right orientation)

4.2.2.3 Composition
The number of required acts in composition is similar to that of dictation and copying,
but their recursive nature means that students are required to make more high level
judgements and decisions that draw on stored information. For example, it is not the
total number of letters to be handwritten as determined by copying and dictation; rather,
composition requires different combinations of letters that are independently generated.
In copying and dictation, the required acts begin with being „ready‟ to copy from the
board and take dictation by adopting a suitable posture, pencil grip, and stabilising the
paper. The order of required acts reflects the „bottom-up‟ approach for handwriting, and
also the time period in which the study takes place. Conversely, the first required act of
composition is „top-down‟ because the student must start with intention. The bottom up
approach is concerned with body functions or performance components (Tomchek &
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Schneck, 2006), whereas the top down approach is cognitively orientated (Polatajko &
Mandich, 2004). The required acts and information cues for composition are informed
by the psychomotor and psycholinguistic model of handwriting (Kandel et al., 2011;
van Galen, 1991). A summary of the required acts and information cues are shown in
Table 4-3.
Table 4-3 Required acts and information cues for composition
Required Acts for composition

Information cues for composition

1. Activation of intention

1. Ideas
(content schema, genre schema)

2. Semantic retrieval

1. Concepts
2. Verbal lexicon

3. Syntactical construction

1. Phrases
2. Working memory trace

4. Spelling

1. Words
2. Syllables, Onset-Rime

5. Selection of allographs

1. Grapheme(s)
2. Motor program

6. Size control

1. Allographs (lower or upper case,
script type)

7. Muscular adjustment

1. Posture
2. Strokes
3. Pencil grip calibration

8. Spatial conventions

1. Parameters of line placement, slant,
spacing in and between word(s)

9. Monitor and adjust (recursive loops
of required acts 1- 8)

1. Cognitive (ideas and plan), linguistic
and motor feedback

Over time and with practice, some components can be generalised and become
redundant so that the number of required acts and information cues are reduced. For
example, letter strokes are no longer individual information cues once letter formations
are automated. Required acts and information cues for the grapho-phonic relationships
become redundant when students are able to demonstrate such relationships in spelling.
The number of components, acts and cues determines component complexity. Generally
speaking, the number of components for copying, dictation and composition is similar.
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The complexity difference is found in the need for integration and sequencing in real
time; this is captured by coordinative complexity.

4.2.3 Task complexity: coordinative complexity
This section elaborates how dictation and composition add to the cognitive load placed
on handwriting legibility. Coordinative complexity is characterised by the writer‟s
ability to integrate motor, sensory, motivation, language and cognitive functions as
temporally sequenced acts that access cues to produce legible handwriting (Wood,
1986). Sequenced acts in real time are influenced by individual differences in
processing capacity and speed (Alloway, Gathercole, Hannah, & Elliott, 2009) and by
the degree of organisation or automation of existing structures for written language
(Sweller et al., 2011). Lack of coordinated timing for processing sound will affect
taking dictation. Students with difficulty processing auditory information will be
disadvantaged taking dictation (Rowe & Rowe, 2006). Loosely assembled motor plans
may result in students forming letters incorrectly. For example, a student may write „h‟
but then recognise that their „h‟ looks like an „n‟, so they retrace an earlier step to
„correct‟ the letter with an additional stroke. Far-point copying will be compromised by
myopia (short-sighted); a condition that is becoming more common in Australia (Rose
et al., 2008).
Alphabet letters can be formed as upper or lower case, and sequenced in a number of
ways in words, and words in sentences (Treiman & Kessler, 2004). In handwriting,
coordinative complexity may be positively influenced by frequently used graphemes
and regular spelling units such as onset-rime patterns (Perfetti, 2003; Puranik & Apel,
2010). The intensity of coordinative complexity increases with longer sequences of
required acts (Wood, 1986); for example, by the length of the sentence dictated or the
recursive nature of composing text. The requirement to copy a letter becomes
independent retrieval of the letter in dictation and further becomes independent ideation
of words in composition. Students are expected to plan at least at the word level, if not
at the sentence and text level, for composition (McCutchen, 2006).
Handwriting practice and monitored feedback (Sovik, 1975) lead to elements becoming
more automated (Jones, 2004). Automaticity decreases coordinative complexity and
handwriting legibility may increase as a result. On the other hand, as students become
more proficient at writing and composing text, they will be making more decisions
(McCutchen, 1988). The amount of real time monitoring may increase coordinative
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complexity due to more sophisticated discourse. Grammatical and functional aspects of
clauses appear to influence the duration of pause patterns during handwritten narrative
or expository text (van Hell, Verhoeven, & van Beijsterveldt, 2008). In that case,
handwriting legibility may decrease and, although not the focus of this study,
handwriting speed may also decrease.

4.2.4 Task complexity: dynamic complexity
Dynamic complexity is defined by the number of changes between required acts and
information cues that are coordinated in real time, during task performance (Wood,
1986). Copying has few dynamic changes as the copy model is static. Dictation and
composition are dynamically complex tasks because more decisions are required. In
dictation, information cue changes are usually simple; for example, when teachers
repeat words differently, such as elongating (stretching) a word to accentuate individual
phonemes. However, in composition, changes in information cues occur more often,
ideas may be retrieved spasmodically or writers may change their mind. As a result,
handwriting legibility is more variable during dictation and composition (Graham,
Struck, Santoro, & Berninger, 2006). The pattern of dynamic changes is modified by
experience and practice and dynamic complexity can shift over time (Wood, 1986).
Copying, dictation, and composition are increasingly complex tasks. Increasing task
complexity increases intrinsic cognitive load. In relation to each other, legible
handwriting for copying, for dictation, and for composition reflect increasing levels of
proficiency along a developmental continuum. When students are learning to handwrite,
examining handwriting performed under conditions of increasing cognitive load, based
on qualitative judgements of legibility, manifestly reveals the latent dynamics of the
relationship between structure and process. At the same time that the handwriting tasks
test current handwriting proficiency, also tested is previously acquired knowledge
related to written language. The assessment or test for handwriting legibility used in the
present research is based on a theoretical perspective of written language acquisition
(appropriation of written language as structure and process) and performance (dynamics
between structure and process is inferred from handwriting performance according to
set criteria of legibility). In this study, the three handwriting tasks, copying, dictation,
and composition, are the test to elicit student performance. A test is assigned work that
students complete to demonstrate their proficiency within a domain of learning
(Humphry & Heldsinger, 2007). Prior to the design of the scoring regime to detect
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qualitative changes in performance, a priori consideration was given to performance
criteria and measurement methods (Glaser, 1963).

4.3 Performance criteria and measurement of
handwriting legibility
Disadvantages of formal handwriting assessments based on the test score as in
standardised assessments were highlighted in the literature review. The classical test
theory approach tends to focus on group responses. In contrast, scaling approaches
focus on individual responses. A scaling approach was adopted for this study so that
task complexity and student response to intrinsic cognitive load could be examined on
the same scale. Some clarification is necessary here. The scaling approach is sometimes
referred to as modern test theory because the scale refers to the use of a measurement
model (Behizadeh & Engelhard Jr., 2011). Measurement models such as the Rasch
model of measurement analyse data to confirm whether a linear measurement scale is
warranted. In the case of handwriting scales, the scale refers to a continuum of
performance rather than a measurement scale per se. Handwriting scales do not equate
with measurement scales but the comparison of performance is implicit in handwriting
scales and therefore instructive. Comparison implies more or less of the attribute being
compared. The handwriting scales of Thorndike, Ayres and Freeman are examined in
the following section.

4.3.1 Handwriting scale based on general merit: Thorndike
Thorndike proposed that handwriting could be studied from three points of view: (i)
physiology and psychology of the movements used to execute handwriting; (ii) the role
of handwriting in directed academic tasks or the purpose of handwriting; and (iii) direct
examination of quality and speed of handwriting (Thorndike, 1912). Thorndike was
concerned with the third point of view because even though competent teachers were
able to estimate if one student had better handwriting than another, they were not able to
quantify how much better.
The entire history of the judgments of the merit of handwriting supports the
claim that if a number of facts are known to vary in the amount of anything
which can be thought of, they can be measured in respect to it. Otherwise, I
might add, we would not know that they varied in it. Wherever we now properly
use any comparative, we can by ingenuity learn to use defined points on a scale
(Thorndike, 1912, p. 28)
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In other words, if judgements were made about handwriting, then it was based on the
comparison of an amount of anything. If the amount of anything could be defined, then
it could be measured. If it could be measured, then inferences could be made about
handwriting progress and different teaching methods. The amount of anything or
variable chosen for comparing handwriting was general merit, as Thorndike argued that
assessing handwriting in the first instance is a perceptual process that elicits an
immediate response and analysis of individual elements of handwriting only becomes
meaningful after the observer moves beyond initial impressions. To create a
handwriting scale Thorndike collected over 1,000 handwriting specimens of students in
Grade 4 to 8 that varied in quality with extremes of worst and best so that comparison
would inevitably produce a range. Forty experienced educators and business personnel
were recruited to act as judges to handwriting specimens and rank them. Inevitably,
judges disagreed on the ranking but their median score was chosen as the quality or
general merit rank, but though impossible to achieve exact agreement, personal
preference for a handwriting style was diminished because a single judgement was
matched against 40 other competent judges.
Thorndike foresaw criticism of the scale. "Observers will disagree in their
measurements made with the scale but not nearly so much as in measurements made
without it" (1912, p. 15). He believed that while the magnitude of quality could not be
measured directly, it could be inferred; given specimen X, specimen Y was either X+Y
or X-Y. The scale was conceived as a "graphometer", with one specimen given
absolute zero merit to establish an arbitrary origin with rank order of handwriting
specimens assumed to be based on regular intervals. No inter-rater reliability is cited for
Thorndike's scale and this has been one criticism of it. The range in Thorndike's scale
was from quality 0 to quality 18, but he found that beyond quality 11, there was little
difference in legibility. Clearly, specimens above 11 were judged to be more
aesthetically pleasing. Although Thorndike did not explicate the theory behind his
approach to scale construction, Thurstone later recognized it as meeting measurement
requirements articulated in his law of comparative judgement (Thurstone, 1927).
Thurstone‟s law of comparative judgement “applies fundamentally to the judgements of
a single observer who compares a series of stimuli by the method of paired comparison
when no equal judgements are allowed” (Thurstone, 1927, p. 276).
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Thorndike constructed a separate scale for handwriting speed for students in Grade 7
and 8, and for adult women, both groups being experienced handwriters. Rapid writers
were expected to handwrite better than those who handwrote at a slower pace and a
difference between handwriting at speed and "careful" handwriting was found. Poor
handwriters did less well when handwriting at speed than did good handwriters.
Students in Grade 6 and 7 handwrote better than adult women, leading him to comment
that "handwriting is taught too well" (p. 25), on the other hand adult women in
employment attained higher speeds (speed versus quality tradeoffs).
A problem with Thorndike's scale was that it was an ordinal scale with assumed equal
distances on an assumed normally distributed population. The ordered rank was based
on the judgement of expert observers but others not involved in the construction wanted
to put specimens in different order. In an ordinal scale such as Thorndike's scale, what is
the basis for stating that a quality score of nine is a difference in magnitude of two more
than seven? In other words, an ordinal scale lacks a common unit, (although Thorndike
did select a specimen to reflect "absolute zero", thereby providing an origin to the
scale). The scale was based on legibility, beauty and general merit, emphasising general
merit. Potentially, these poorly defined constructs set up perceptual conflict for
observers to compare between specimens, even though most educators would have a
sense of what each entails. That is, “you would know it, if you saw it”. In addition, the
effect of task complexity on students‟ handwriting was not considered and for older
handwriters, writing quality and speed were assessed on the same scale. This is
inconsistent with the intent of a unidimensional scale. Yet, differences in handwriting
quality across different schools were identified, demonstrating that despite teachers
insisting that assessing handwriting was subjective, they were able to differentiate
between their students' specimens by comparing them against handwriting scales
(Thorndike, 1912).

4.3.2 Handwriting scale based on time to read script as proxy
for legibility: Ayres
Two scales were developed by Ayres (1912). The first was based on the handwriting
specimens (n=1,578) of elementary school children from 40 schools across 38 states of
North America. It was heralded in the New York Times (February 18, 1912) with an
article titled, "Using a yardstick on children's handwriting", with the stated intention to
evaluate handwriting instruction in schools. The yardstick or criterion for handwriting
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was legibility, defined as the average time taken to read a handwriting specimen by ten
experienced judges. Handwriting specimens were ranked from the poorest to the best at
intended equal intervals of legibility. Throughout his monograph, Ayres uses the terms
legibility and quality interchangeably (Ayres, 1912).
The second scale was constructed from adult (n=2,817) handwriting specimens,
choosing 24 ranked by the average time taken to read it by ten judges. The specimens
were reproduced on one scale and divided horizontally into eight legibility levels,
assigned 20, 30, 40, 50, 60, 70, 80 and 90; each of these were divided into three
divisions of writing styles (vertical, medium, and extreme slant) vertically. That is, there
were 8 x 3=24 specimens. A ruler determined boundaries for vertical, medium, and
extreme slant and protractors and specimens at 50 represented the average quality. A
handwriting specimen was compared to each handwriting level of the scale and assigned
the score that reflected the same level of legibility. The purpose of the adult handwriting
scale was to screen potential employees for the public service. "It might seem that to
select 24 samples of handwriting that would conform to these specifications would be a
relatively simple task, but it proved instead to be a long and difficult one (p.6)". Indeed,
after the scale had been collectively constructed, individual judges perceived
discrepancies at different points. Some criticisms of the Ayres scale were: (i) the lack of
clear definition of legibility; and (ii) that handwriting specimens were selected (ranked)
on the basis of how quickly they could be read when the intention was a scale of
legibility. The selection of specimens did not match the intention or purpose of the
scale. Again the notion of unidimensionality was questioned because there was little
correlation between the rate of reading and other scales of handwriting based on quality
(Freeman, 1915). The scale intervals and ranks were arbitrary, being derived from
ordinal scales.
Whatever the shortcomings of handwriting scales, they did provide some basis for
ranking handwriting. Ayres noted that the use of the scale did not guarantee uniformity
but there was less disagreement regarding performance with a handwriting scale than
without a handwriting scale (Ayres, 1912).
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4.3.3 Handwriting scales based on six characteristics of
handwriting: Freeman
Freeman argued that handwriting scales were too subjective and some "standard for
reference" was necessary for objective judgement. Instead of adhering to poorly defined
constructs such as legibility and quality of handwriting, Freeman proposed six
characteristics of handwriting, "which are perfectly definable in nature and ... are
measurable in their degree" (1915, p. 437), thereby taking an analytical versus globalholistic approach. His method to devise a scale was three-fold: "(i) analyse the product
into fairly simple elementary characteristics; (ii) define and measure these so far as
possible in objective terms; and (iii) construct the scale in such a way that different
degrees of the elementary characteristics may be evident to the person who is to use it"
(1915, p. 441). The elementary characteristics of handwriting were: (i) letter formation;
(ii) spacing between words; (iii) space between letters in words; (iv) uniformity of slant;
(v) alignment of the letters (line placement); and (vi) size or height of letters.
Handwriting specimens were taken from primary school students and Freeman‟s
graduate students each ranked ten handwriting samples. However, he disagreed with
their rankings. To reduce ambiguity, the use of a ruler and protractor was introduced to
measure angle of slant and spacing between letters, and experienced educators
developed a system for determining excellent letter formation and a method for
counting errors. Contrived samples of letter formation errors were manufactured with
small arrows indicating how errors deviated from correct letter formations. The final
scale showed three grades of excellence for each characteristic. Nonetheless, even with
experience and an analytic scale, there remained considerable rater variability in
evaluating handwriting and Freeman conceded that rater training would be necessary.
The method by which specimens were selected for handwriting scales was considered
integral to its utility (Freeman, 1959, p. 218). Specimens selected for the 1915 scale
were based on one set of specimens for each grade. In 1959, Freeman revised his
methodology to construct a new scale based on general merit, but this time drawing
from a wider population. Students copied two prepared texts and the one most
representative, according to the teacher, was sent to Freeman. Each grade had five
categories of merit. Eleven specimens were chosen according to the style of handwriting
most commonly used in that grade. The scales for Year 1 and 2 used manuscript writing
and scales for Years 3 through to Year 8 used cursive writing. The scales devised by
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Freeman acknowledged that a number of characteristics were necessary to determine
legibility. In addition, different scales for different grades and script types were
preferred.
Considerable debate remains about what the handwriting scales actually measured and
none of the early handwriting scales are in common use today (Graham & Weintraub,
1996). One reason has been difficulty in defining the variable for comparison.
Handwriting scales used hierarchically ordered handwriting exemplars and global
comparisons of student handwriting were made in relation to these exemplars. They
were designed to reduce variability across markers and by the same marker in
successive markings when assessing handwriting. Morton (1921) found that teachers
were more consistent in their rating of handwriting using scales, but some teachers
made harsher judgements than others (i.e., marking 10, 15, 20 percent above or below
true value). Based on 31,100 ratings, teachers‟ use of the Thorndike scale reduced rater
variability by 42.4%, compared to teachers who did not use the scale (Morton, 1921, p.
133). The Thorndike scale did not use descriptors, nor did they assess legibility aspects
individually or analytically; rather, global judgements of handwriting were made. Poor
precision can contribute to poor reliability, which has been one of the criticisms of
global handwriting scales (Graham & Weintraub, 1996); therefore, a modified approach
was taken in this study.
The present research builds on previous work conducted on handwriting scales and
mainly adopts Freeman‟s characteristics of legibility, here termed aspects of legibility.
It differs from Freeman‟s scale in four ways. First, the handwriting tasks were
specifically chosen to test a theoretical proposition; namely, cognitive load governs
handwriting legibility and reflects the dynamic relationship between written language as
structure and as process. Second, a modified rubric was adopted as a marking key with
six aspects to score criteria for legibility. Third, the number of criteria to differentiate
performance per aspect, accompanied by exemplars, was not pre-determined. Finally,
the Rasch measurement model was used to analyse the scores obtained with the rubric
to examine its validity to construct a unidimensional linear scale, labelled the
Handwriting Legibility Scale (HLS). Instead of remaining an ordinal scale (as in
previous handwriting scales), the raw scores were transformed to interval scale by a logodds transformation of the data (logarithmic transformation of the odds of success)
(Bond & Fox, 2001, p. 24). The logit is the log-odds unit.
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The use of rubrics has become commonplace in education and category descriptors
articulate why one performance is better than another (Heldsinger, 2012). Rubrics are
described as a type of matrix that provide scaled categories of achievement with a set of
criteria for a given performance (Allen & Tanner, 2006, p. 197). Each category of
achievement is delineated by sufficient description of desired performance to enable
judgement to be made. Research shows that the utility of the rubric is enhanced if
category exemplars accompany category descriptors (Humphry & Heldsinger, 2007). In
contrast to previous handwriting scales, where handwriting is assessed globally against
exemplars for legibility, an analytic rubric allows individual aspects of legibility to be
assessed, which provides more information to guide instruction. The number of
categories for each aspect may vary because the number of categories is informed by a
qualitative change in performance for that aspect. This minimises response dependence
(halo effect) so that each score provides meaningful information about performance
(Heldsinger, 2012). Rubrics are developed only after careful inspection of the range of
student performance and there is no place for a minimum level of performance because
the rubric base is the absence of an aspect‟s key feature (Glaser, 1963). Based on six
aspects of legibility and three handwriting tasks, the number of the items to score for
handwriting legibility became apparent.

4.4 Item design for the Handwriting Legibility Scale
based on the theory of cognitive load
The design of the instrument for the study reported here, the Handwriting Legibility
Scale (HLS), arises from the theory of the impact of cognitive load on performance,
articulated in the previous sections. Three tasks, intended to require increasing levels of
cognitive load - copying from the board, writing from dictation read by the teacher and
composition based on descriptive text type - were designed to be administered to
students learning to handwrite.
The three tasks - copying, dictation and composition - were assessed on the same
aspects for legibility. The same six aspects were repeated as six items for copying, six
items for dictation, and six items for composition. In total, there are eighteen items. The
reason for using exactly the same aspects for the assessment of handwriting produced
from the different tasks with different cognitive load, was to control all features of the
assessment and thus to permit the effect of the cognitive load, if present, to manifest
itself in the assessment.
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The six aspects were: (i) letter formation; (ii) letter size; (iii) space between letters in a
word; (iv) space between words; (v) line placement, sometimes called directionality;
and (vi) slant (Blote & Hamstra-Bletz, 1991; Feldt, 1962; Freeman, 1959; Graham &
Weintraub, 1996). The items and codes shown in Table 4-4 illustrate how items of the
test were structured. Note the code assigned to the task and aspect became an item for
analysis.
Table 4-4 The aspects to assess handwriting showing 18 items (item codes)
Letter
formation
Cplf
Copying
Dlf
Dictation
Composition Cmlf

Size
Cpsz
Dsz
Cmsz

Space in
word
CpspI
DspI
CmspI

Space
between

words
CpspW
DspW
CmspW

Line
placement

Slant

Cplp
Dlp
Cmlp

Cpsl
Dsl
Cmsl

The structure of the scoring system inevitably has some response dependence. For
example, letter formation is one item, but the other five items are unable to be scored if
no attempt is made to form a letter. If students produce some writing, this can be
minimised because all writing is assessed. The propensity to produce a halo effect is
also possible by having the same aspects assessed for the different tasks; that is, scores
for an aspect on all tasks are more similar than is justified by the handwriting. To
minimise this effect, the order of scoring the three different tasks was rotated for each
classroom participating in the study.

4.4.1 Rubric HLS
Numerous design features established prior to the study, informed the layout of scoring
Rubric HLS. First, hierarchically ordered descriptions of performance criterion for each
aspect were sourced from informal handwriting assessments and the literature (Graham,
1986; Hamstra-Bletz & Blote, 1990). These descriptors permitted the classification of
performance into ordered categories of distinct quality of performance, which except for
one aspect, were in more than two ordered categories. The aspect „space within word‟
was assessed in only two ordered categories. In principle, the greater the number of
categories that operate as intended in classifying performance, the greater the precision.
However, if an assessment can only be carried out reliably in two categories, then
having more categories, which are effectively artificial, makes it more difficult for the
assessor and reduces the reliability and validity of the assessment. Thus the number of
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categories used in each aspect appeared to be natural to the possible identification of
levels on the aspect, according to the reseracher. The ordered categories were scored
with successive integers beginning with 0. As will be shown, this scoring is consistent
with the Rasch model which was used for the analysis of the data generated.
Second, exemplars were sourced from handwriting samples of participants in Study
One, described in detail in Chapter Five. Selected exemplars illustrated noticeable
differences in representing the ordered categories in the hierarchy for each of the six
aspects.
Third, in general, classification into ordered categories is carried out by comparing the
performance with the descriptor and exemplar which describe the characteristics of a
category. In the assessment for the HLS, the exemplars did not represent the categories
directly, but instead, characterised the boundaries or cut points between the successive
categories. Such a placement is consistent with a dichotomous classification in which
the exemplar and descriptor characterise a threshold of performance. Thus for two
categories, there was one threshold, for three categories, there were two thresholds, and
so on.
Finally, the structure for scoring handwriting legibility (6 aspects x 3 tasks=18 items),
appeared sufficient to capture information about handwriting legibility under different
conditions of cognitive load. The full range of handwriting performance from the
beginning of Year 1 to the end of Year 2 was possible because Year 2 acted as proxy for
end of Year 1, and Year 3 acted as proxy for end of Year 2.

4.4.2 Scoring regime
All handwriting samples were scored with Rubric HLS. The scoring regime is now
reviewed to clarify the structure of the data. Three handwriting tasks were assessed on
the six aspects of legibility. As mentioned, the order of scoring for the three different
tasks was rotated according to classroom. In class A, all dictation was scored first, then
copying, and finally composition. In class B, all copying was scored first, then
composition and finally dictation. In class C, all composition was scored first, then
dictation and finally copying, and so on. The aspects for each task were scored in the
order of letter formation, size, space within word, space between words, line placement
and slant. Table 4-5 shows the structure of test items.
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The numerical identification of the items throughout resulted from the order in which
the aspects of the tasks were assessed. Thus Item 1, dictation letter formation, was the
first item assessed. This numerical identification is carried throughout the presentation.
However, because of the hypothesised structure of cognitive load among tasks, aspects
from copying are generally listed first, followed those from dictation and finally
composition.
Table 4-5 Items for Rubric HLS
Item
No.
7
8
9
10
11
12
1
2
3
4
5
6
13
14
15
16
17
18

Handwriting task Aspect

Code

Copying

CPlf
CPsz
CPspI
CPspW
CPlp
CPsl
Dlf
Dsz
DspI
DspW
Dlp
Dsl
CMlf
CMsz
CMspI
CMspW
CMlp
CMsl

Dictation

Composition

Letter formation
Size
Space within word
Space between words
Line placement
Slant
Letter formation
Size
Space within word
Space between words
Line placement
Slant
Letter formation
Size
Space within word
Space between words
Line placement
Slant

Category
levels
4
3
2
3
3
3
4
3
2
3
3
3
4
3
2
3
3
3

To provide further clarification, Table 4-6 shows the relationship between aspect and
task and highlights the three tasks related to each aspect.
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Table 4-6 Aspects of Rubric HLS
Aspects
Letter Formation

Copying
Dictation
Composition

7
1
13

Category
levels
4
4
4

Size

Copying
Dictation
Composition

8
2
14

3
3
3

Space within word

Copying
Dictation
Composition

9
3
15

2
2
2

Space between words

Copying
Dictation
Composition
Copying
Dictation
Composition
Copying
Dictation
Composition

10
4
16
11
5
17
12
6
18

3
3
3
3
3
3
3
3
3

Line placement

Slant

Item No.

4.4.1.1 Reliability of Rubric HLS
From data collected to construct the marking key, Rubric HLS demonstrated substantial
inter-rater ( =0.65) and intra-rater ( =0.97) reliability, and satisfactory internal
consistency ( =0.88). The method for establishing reliability is described in Chapter
Five.
In conclusion, a test is valid if the construct (in this study cognitive load) exists, and
variation in construct causally produces variation in the measurement outcomes
(Borsboom et al., 2004, p. 1061). The design of the current test is to administer three
handwriting tasks of increasing cognitive load, typical of those required in the
classroom. Validity is increased if data fit the Rasch model: (i) students can be located
on the same linear scale as the items; and (ii) the location of item thresholds provide
insight into handwriting legibility at different locations on the scale. In addition, validity
is supported if it is possible to quantify the difference between tasks of different
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cognitive load and if the response pattern fits the hypothesis that cognitive load governs
handwriting legibility when students are learning to handwrite (Borsboom et al., 2004).
This chapter has provided a rationale for the test and instrument design used in Study
One and Study Two. Procedures to construct the Rubric HLS and to check its reliability
to score handwriting samples for legibility, is described in Chapter Five. Also, the
Rasch measurement model and its suitability to analyse hierarchically ordered tasks is
described in more detail.
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Chapter Five: Methods and Procedures
5.1 Introduction
This chapter explains the methodology used to construct a linear unidimensional scale
of handwriting legibility, the Handwriting Legibility Scale (HLS), which was the aim of
Study One. The aim of Study Two was examine handwriting legibility from Year 1 to
Year 2, based on the item locations of the HLS. The aim of Study Three was to explore
the relationship between handwriting legibility, based on person locations of the HLS,
and automaticity (alphabet task). The chapter is divided into four sections. In the first
section, a description of the Rasch model (RM) of measurement is first outlined and
followed by an explanation of its suitability to help construct a measurement of
handwriting legibility for students learning to handwrite in Year 1 and Year 2. The
reason the model used for data analyses is described in some detail is that it parallels the
reasoning used in the construction of the HLS; in particular, the hierarchical structure of
the three tasks of the scale. As consequence, the RM is able to provide detailed
information confirming the usefulness of the scale as well any anomalies that the data
might produce relative to the hierarchical hypothesis. In the second section, ethics
approval to conduct the study is documented and followed by a description of the
participant samples in Study One, Study Two and Study Three. In the third section,
procedures for the administration of handwriting tasks and data preparation are
described. In the final section, the construction and reliability of the rubric used to
score the HLS are documented.

5.2 The Rasch measurement model
Georg Rasch (1901-1980) was a Danish mathematician who derived a class of models
for measurement based on an a priori requirement that the comparison of the locations
of items should be independent of the distribution of persons assessed, and that the
comparisons should be independent of which subset of items from a class of
conformable items, is used in the assessment (Andrich, 2004; Rasch, 1960).
Responses to items may be dichotomous, that is, in two ordered categories; responses
may be polytomous, that is, in more than two ordered categories. The model for the
simple dichotomous responses has been referred to as the Simple Logistic Model
(SLM). The generalisation of the dichotomous model for responses in more than two
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ordered categories, based on Rasch‟s general form (Rasch, 1961), was elaborated by
Andersen (Andersen, 1977), Andrich (Andrich, 1978, 1995), and Masters (Masters,
1982). Application and evidence of fit of data to the RM is a convenient summarisation
that responses to the items together conform to provide the invariant comparisons
implied by the model (Andrich, 2005).
In contrast to the classical test theory (CTT) approach where the analysis is at the level
of the group and it is implied that items have more or less the same difficulty focussed
on the mean of the group‟s proficiency, the relative difficulties of the items are central
to the application of the RM. A range of difficulties, from relatively easy to relatively
difficult, provide evidence of the operationalisation of the proficiency variable. The
relative item difficulties can be estimated independently of the distribution of the person
proficiencies. Given these difficulty estimates, person proficiencies can be estimated
and placed on the same continuum as the item difficulties. If the data fit the model, the
total score for each person is sufficient, in the formal sense that it contains all of the
information for the person proficiency. As a result, for persons who have responded to
the same items, the same total score, irrespective of response pattern, estimates the same
proficiency (Andrich & Marais, 2008 ).

5.2.1 The mathematical form of the Rasch model for
dichotomous data
The RM for dichotomous data takes the form shown in Equation 1. For any score xvi of
person v in response to item i takes the form

(1)
The key factor in the expression is the difference
proficiency and the item‟s difficulty. When

, between the person‟s
is positive, the probability of a

correct response is greater than 0.50, when it is negative the probability is less than 0.50
and when

=0, the probability is 0.50. It is the difficulties

estimated independently of the distribution of the

, which can be

, and which can be

placed on a continuum that operationalises the variable.
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The general principle of the assessment with items having different difficulty is that any
person who scores successfully on more difficult items should score successfully on
easy items. Guttman (1950) articulated this principle and structure for the case of
deterministic responses so that if person A scored successfully on an item of particular
difficulty, the person would score successfully on all items of lesser difficulty
(Guttman, 1950). In addition, if person A achieved success on more items than person
B, then person A would have achieved successfully on all items that person B achieved
successfully, and also achieved success on the next most difficult items.
The RM is a probabilistic counterpart of the Guttman structure, so that if person A has a
particular probability of achieving successfully an item of particular difficulty, the
person has an even greater probability of achieving successfully all items of lesser
difficulty. In addition, if person A has higher probability of success on any item than
person B, then person A has a higher probability of achieving successfully on all other
items than person B completes (Andrich, 1985; Rasch, 1960). Finally, for a given total
score, and items ordered in difficulty, the Guttman pattern has the greatest probability of
being observed. Figure 5-1 shows the item characteristic curves (ICCs), for two
dichotomous items of different difficulties and makes explicit the above principles. For
example, person A who has a greater probability of achieving success on the more
difficult of difficulty -0.86, has a greater probability of answering the easier item of
difficulty -1.92, and can answer both items with a greater probability than person B.

Figure 5-1. ICCs of two dichotomous items with different difficulties and locations of
two persons on the same continuum
Because of the hierarchical hypothesis based on their intrinsic cognitive load, these
principles are central to the analysis and interpretation of responses to the HLS. There
are a number of fit statistics that check conformity of data to the RM and therefore the
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conformity of the response to the hypothesis. These are discussed in detail later in the
chapter.

5.2.2 The mathematical form of the RM for polytomous data
A dichotomous item is scored with (0,1), for non-achievement and achievement of the
criterion respectively. The RM for polytomous items with ordered categories is an
extension of the model for dichotomous items, shown in Equation 2. The scoring of the
successive categories, which categories is (0,1,2, ,...mi ) , where mi is the maximum score
of item i is a simple extension of the scoring of dichotomous responses (Andrich,
1978).
The RM for polytomous responses takes the form

(2)
is the scored response of person v with proficiency

where

item i with overall difficulty
adjacent categories

on

denotes the threshold between the pair of

and x and

where

(3)

is a normalizing function, ensuring the sum of all numerators sum to 1. In Equation (3),
the thresholds within any item sum to zero,
around

and are mean deviated

. When the thresholds are placed on a common scale among items, then

is the average of the thresholds and thus characterises the overall difficulty of a
polytomous item.
Figure 5-2 shows the category characteristic curves for an item with 4 categories and a
maximum score of 3. In a dichotomous item, there is only one threshold, generally
referred to as the difficulty of an item. Because the probability of the unsuccessful
response is complementary to the probability of the successful one, as in Figure 5-1,
generally it is not shown. However, as in Figure 5-2, with more than two categories it is
useful to show the probabilities of all responses as a function of a person‟s location. In
addition, Figure 5-2 shows the thresholds between the successive categories and the
implied latent dichotomous responses at the thresholds in dotted lines.
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Figure 5-2. Category Characteristic Curve (CCC) with four categories
In the case of dichotomous responses, the ICC depicts the probability of a successful
response and is identical to the expected value curve (EVC). However, in a polytomous
item, whose score ranges from 0 to mi , the EVC is different from the probability of a
response in any category. Given the values of the thresholds, the EVC shows the
theoretical mean score for any proficiency on the scale. For example, an item with a
maximum score of mi

3 , has an expected value somewhere between 0 and 3, with a

higher score reflecting a higher location on the proficiency continuum. Figure 5-3
shows an example of the EVC for two polytomous items with mi

3 . The item with

location 1.78 is more difficult than the item with location -0.06. In addition, it is evident
that unlike the ICCs of Figure 5-1, the EVCs are not parallel. The differences in the
shapes of the curves are a function of the locations of the thresholds. As shown in
Figure 5-2, the latent dichotomous response (dotted) curves at the thresholds are
parallel, and they are parallel to the latent dichotomous responses of all items.

Figure 5-3. Expected value curve for an item with four categories and mi

3

The integer scoring function of successive categories reflects the intended increasing
difficulty of achieving success at the successive categories. It reflects a deterministic
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Guttman structure within a polytomous item. A response in a higher category implies
exceeding all lower adjacent categories. In particular, the success at any threshold
implies success at all previous thresholds. Thus again for mi

3 , a score of 2 implies

the pattern (1,1,0) across the three thresholds, that is, succeeding on the first two
thresholds and not succeeding on the third. The model with polytomous responses will
also be referred to simply as the RM, with the context indicating whether the item is
dichotomous or polytomous (Andrich, 2011).
Although successive categories are intended to be ordered, one of the distinctive
properties of the RM is that it does not force the thresholds estimated in the data to be
ordered. Their ordering is a property of the data, and if they are not ordered correctly,
then it is a reflection on some problematic aspect of the functioning of the categories.
What the problem is can only be assessed with the particular case, as the problem may
range from having insufficient data to having genuine malfunction of the categories. For
example, if judges produce the scoring in an assessment, they may be faced with too
many categories, not be able to distinguish between them, and as a result, classify
performances into some adjacent categories virtually at random (Andrich, 2010;
Andrich, 2011).
As indicated above, testing the fit of data to the model tests that the items conform with
each other in their assessment of the variable. The primary test of conformity of an item
with the model is the deviation of the mean responses of students into adjacent class
intervals on the continuum from the EVC. Figure 5-4 shows illustratively the plot of
observed means in four class intervals relative to the EVC for Item 1 in the study. The
fit details are discussed further in the results section, but at present note that the
deviations between observed means and the EVC are formalised statistically with an
approximate Chi square statistic; this is discussed in the next subsection.
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Figure 5-4. Observed means in class interval relative to the EVC for item 1 in the study.

5.3 Analysis of data with the Rasch model – RUMM2030
output
The Rasch Unidimensional Measurement Model (RUMM2030) software is designed to
apply the RM to data (Andrich, Sheridan, & Luo, 2009). The RUMM program
generates a number of statistics and graphical displays that are used to decide whether
or not data fit the RM. The detailed manuals that accompany the RUMM program have
informed this section. Some further relevant features, in addition to the ones above,
produced by RUMM are described below.
A constraint needs to be specified on the estimates of the item and threshold difficulties,
and the usual one is to set the mean of all thresholds equal to 0. This provides an
arbitrary origin and a point of reference from which to locate relative achievement. In
addition to an arbitrary origin, unless specified in advance, each RM analysis also has
an arbitrary unit (Humphry, 2008). The expression of the arbitrary unit is in logits, the
term in the numerator of Equations (1) and (2).

5.3.1 The empirical ordering of categories
The empirical ordering of the categories for polytomous items is examined by the
graphical display Category Characteristic Curve (CCC). If successive thresholds are too
close or reversed, the category order is not operating as intended (Andrich, 2011). Each
threshold curve (CCC) acts much like an individual ICC, which means that CIs can be
examined on each threshold curve (see Figure 5-2). Well-ordered thresholds provide
support that the additive and cumulative property of the latent trait is demonstrated.
Figure 5-2 shows an item where the response categories are working as intended.
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5.3.2. Targeting and reliability
The Item-person distribution is a graphical display to examine how well the items
targets the persons under consideration; that is, how well aligned the item locations are
to the locations of the persons. A range of item difficulties is necessary, but if there is a
large difference between item locations on the continuum compared to person locations
on the continuum, the precision of measurement is reduced. Systematic sampling of
persons expected to be of different proficiencies was adopted to help ensure information
across the range of item difficulties of the items.
The Person Separation Index (PSI), analogous to Cronbach‟s alpha, is a reliability
index based on the person estimates and is the degree to which persons have been
separated by the instrument. A high PSI indicates excellent power to detect misfit of
responses to the RM. As in CTT, reliability tends to be high if the actual variance
between persons is large and if items are providing precise distinctions among persons,
or a combination of both. Items may be considered for elimination from the instrument,
but if eliminating an item does increase the PSI, then the item contributes more error
than information for separating persons (Mesbach, 2010).
The information function can be plotted on the person-item location distribution.
Information in the RM is the inverse of the standard error of measurement and provides
information about the precision of the test (Andrich & Marais, 2011b).

5.3.3 Fit statistics: Chi square and residual test of fit
No single statistic indicates that data fit the model. All tests of fit must be viewed
relatively and jointly (Smith & Plackner, 2009). The statistical evidence needs to be
complemented with the graphical displays. Tests of fit examine and provide evidence of
whether the various specifications of the model have been met. Some indicators of fit
between the data and the model are now elaborated. They are also bound by the context
of the data – no item can fit the model on its own. The tests of fit provide evidence on
how well the items are working with each other as summarised by the RM.
The first, a general test of fit, is the Chi square statistic based on comparisons between
the mean responses of persons in Class Intervals (CI) and their expected value. It is a
formalisation of the graph shown in Figure 5.4. The degrees of freedom for this statistic
are the number of class intervals less 1. Because it reflects the operation of the item,
also referred to as a trait, across the continuum, in RUMM it is referred to as the item127

trait interaction test of fit. The Chi square statistic can be affected by how many CIs are
formed. However, differences rarely affect the interpretation, which is complemented
by the graph. Because many tests of fit are conducted in any analysis, for example at
least as many as the number of items, a Bonferroni adjustment (Bland & Altman, 1995)
can be made to the probability of misfit.
A second statistic that also reflects on the operation of the item across the trait is based
on residuals between the observed and expected response for each person to an item. It
is summarised as the residual test-of-fit in RUMM and is constructed as an
approximate standardised normalised residual with an expected value of 0 and a
variance of 1, but values between approximately -2.5 and 2.5 are considered to be
within the accepted range. The item-trait interaction test of fit formalises the
discrepancy between the observed means in class intervals and their expected values,
irrespective of the nature of the discrepancy. The residual test of fit is signed on the
graphical display – a large magnitude and a negative value indicate observed means are
steeper than the EVC, and a large magnitude and positive value indicates the observed
means are flatter than the EVC. The former can suggest an item has some dependence
on other items above that which can be explained by the parameters of the model; the
latter can suggest some irrelevance with the other items (Marais & Andrich, 2008b).
Both tests of fit are used as a guide to the interpretation of the operation of the items in
relation to the hypotheses.

5.3.4 Local dependence: Response dependence and
multidimensionality
There are two types of violations of local independence: trait dependence
(multidimensionality) and response dependence (Marais & Andrich, 2008a). Violations
of local dependence can be detected by examining patterns among the standardised item
residuals through the residual correlation matrix (Andrich, 2011). Response dependence
occurs when the response of one item governs the response to another item. It may be
the result of a halo effect, a bias to similarly score items that have similar criteria (Saal,
Downey, & Lahey, 1980). If data fit the RM, then the item residuals will not be
correlated with each other. A correlation that is large relative to the other correlations
suggests the pair of items have more in common with each other than all the items have
in common with each other (Andrich & Marais, 2011a).
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A principal component analysis of the residuals, analogous to a factor analysis, permits
checking the degree to which groups of items together may form clusters. If identified,
clusters need to be examined in relation to the content of the items.

5.3.5 Differential item functioning
Assessment items must behave in the same way across groups to meet the requirement
of invariance across these groups. Differential item functioning (DIF) is a more specific
test of fit on the operation of items across the trait but focussed on any variation
amongst groups. It attempts to assess the degree to which, for a given proficiency
location, the performance of members of different groups is equivalent. To estimate
DIF, RUMM uses a two way analysis of variance (ANOVA) of the standard residuals of
individual item responses classified by class interval and by group membership
(Andrich & Hagquist, 2004). Statistically significant differences highlight items that
have DIF.
There are two types of DIF: (i) uniform DIF (observed locations are different between
groups irrespective of the class interval on the continuum); and (ii) non-uniform DIF
(there is an interaction between locations in the class intervals and the groups) (Andrich
& Hagquist, 2004). It is possible to have artificial DIF (Andrich & Hagquist, 2012).
Artificial DIF is an artefact of procedures to identify real DIF; it occurs simultaneously.
To examine whether DIF is real or artificial it is important to work sequentially in
resolving or eliminating the items, first commencing with the item that shows the
highest Mean Square and therefore the greatest misfit. Resolving an item involves
creating two new items, one for each group. Because not all persons need respond to all
items, the parameters for the item for the respective groups can be estimated and
compared. If the resolved item caused artificial DIF in any item, this particular artificial
DIF is no longer present when the item is resolved. If DIF is still present, the procedure
is repeated with the next item that shows the highest Mean Square until DIF is
eliminated (Andrich & Hagquist, 2012).

5.3.6 Anchoring items
Repeated measures (n=4) were taken to examine growth of handwriting legibility from
the beginning of Year 1 to the end of the second year of school. In order to track
change, repeated measures must be in the same frame of reference (Wright, 2003).
Times series data can be stacked and measures are conducted on all cases at the same
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time (Wright, 2003). When entered for analysis, the four sets of observations for the
same person are stacked. Then each person on each occasion has an estimate, which can
be studied, particularly for change over time.
Study One established the item parameters of the scale. In Study Two, the longitudinal
study of a group, the item locations were not reestimated, but anchored or fixed to the
item locations of Study One, reported in Chapter Six. The change in person location
estimates over time in Study Two is an indication of the rate of growth in handwriting
legibility.
In summary, there are three advantages in the application of the RM to the HLS
reported in this dissertation. The first advantage relates to assessing the fit of the
responses to the model. One of the characteristics of the RM is that it assesses whether
or not the total score of a student captures the student‟s response profile across the items
on the scale; if it does, then the performance can summarised by a single number and
compared to those of other students and to the performance of the same student on other
occasions. The second relates to the estimation of relative difficulties of the items and
their thresholds. These estimates make it possible to quantify the differences between
items constructed to have different cognitive loads. The third relates to participant
sampling. Because the relative difficulties of the items is designed to have different
loads, the sampling of students requires primarily that they belong to the relevant class
of persons, in this case that they are learning to write, and not that they are a random
sample from some population. However, to be able to assess the operation of the items
across the relevant range of the scale, a range of student proficiencies needs to be
present (Andrich, 1999). As will be seen, having students in different year levels in
constructing the scale ensured the required range of proficiencies in this study.

5.4 Methods
This section documents the study design for Study One and Two, ethics approval to
conduct the study, followed by a description of the recruitment of participants to the
present research. Three studies were conducted. Study One and Study Two are related
studies. Study Three was additional to Study One and Two and investigated the
relationship of automaticity determined by the alphabet task count (AT) (Berninger et
al., 1991) and handwriting legibility as determined by the HLS.
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Ethics clearance and formal permission to conduct the research was granted by the
University of Western Australia, for the period 9 December 2009 to 9 December 2014,
prior to the commencement of the research project (Appendix J). Ethics clearance was
also obtained from the Western Australian Department of Education-DET (Appendix K)
and the Catholic Education Office –CEO (Appendix L). The DET and CEO provided
guidelines for drafting solicitation letters to school principals, parent information letters,
and parent consent letters (Appendix M, N, O). The DET also had guidelines for
obtaining students‟ consent to participate (Appendix P, Q). These guidelines were
strictly adhered to, and a Working with Children Check was obtained as it is a statutory
requirement in Australia for persons working with children under18 years of age.

5.4.1 Study design
The HLS was constructed to demonstrate the effect of cognitive load on handwriting of
students learning to write, which are defined in this study to be from the beginning of
Year 1 to the end of Year 2. The scale needs to be able to assess handwriting ability
across this full range of student development. Therefore, to demonstrate the scale is
functioning across this range, two complementary designs for obtaining students
responses across this required ability range were conducted.
The first design, referred as Study One, was a cross sectional design of students in
Years, 1, 2 and 3. The study aim was to construct the Handwriting Legibility Scale.
These students were assessed at the end of Term 1 in each year. Term 1 was chosen for
Year 1 because for students to be placed on the scale, they needed to have at least some
instruction. End of Term 1 for was chosen for Years 2 and 3 partly to be consistent and
partly because it captured one additional year of schooling in the development of
handwriting. Most importantly, it was considered that this range of the scale, which
included a test that functioned at the end of Term 1 in Year 3, covered the full range of
writing ability relevant to the transition period from not being, to being, a handwriter
during Years 1 and 2. In this way, the scale could be used to study handwriting
development during the transition phase.
The second design, referred to as Study Two, applied the scale in a longitudinal study in
order to examine growth in handwriting legibility from Year 1 to Year 2. In this study,
students from Year 1 who progressed to the end of their second school year were
assessed on four occasions. They were assessed at the end of Term 1 Year 1, as in Study
One, at the end of Term 3 in Year 1, at the end of Term 1 Year 2, and the end of Term 3
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in Year 2. In Western Australia, schools have four terms per year, with Term 4 being
the shortest and busiest term. For expediency, and to ensure approximately equal time
periods between the administrations of the handwriting tasks, the end of Term 1 (April)
and Term 3 (September) were chosen to administer the tests in Study Two. The full
design combining both studies is shown in Table 5-1. The four assessments within the
first two years were designed to assess growth over shorter periods than a year during
the transition phase from not being, to being, a handwriter. The shorter time spans less
than a year between testing and was intended to capture the rapid development in
handwriting ability, from virtually no ability at the beginning of Year 1, to many
students being handwriters, with all the complexity that handwriting entails, by the end
of Year 2.
Table 5-1 Timetable for administration of handwriting tasks
Longitudinal Study Design – Study Two

Cross
Sectional
Design
Study One

Year 1
Year 2
Year 3

End
Term 1
2010
X
X
X

End
Term 3
2010
X

End
Term 1
2011
X

End
Term 3
2011
X

5.4.2 Participants
Over 30 school principals were approached in person to request their school‟s
participation in the study. Many school principals commented that they were constantly
being asked to participate in research studies, but eleven schools agreed to engage with
the study and accordingly signed consent forms. Table 5-2 depicts the location of
participating schools, which reflect a representative sample of schools in the Perth
Metropolitan Area in relation to the Central Business District (CBD). Schools were
classified as being either government schools or private schools (encompassing faithbased and independent schools). These classifications were made because of the
possibility that the curriculum within these diverse settings was different.
Government schools are highly structured with a prescribed curriculum. Private schools
have more flexibility in how they interpret academic requirements and may adjust their
syllabus accordingly. With regards to handwriting, the Victorian Modern Cursive
(VMC) script was adopted in Western Australia in 1997 by both government and
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private schools. However, since that time a number of private schools have abandoned
the cursive script for a ball and stick print script. Examples of both are shown in
Appendix T. The Department of Education no longer insists on VMC, although its
implementation remains dominant in government schools. The VMC script is

abcdefghijklmnopqrstuvwxyz. No specific font has been nominated for the ball and
stick print but it does not have entry and exit stroke and is best described as an upright
manuscript print.
Table 5-2 Distribution of participating schools in relation to Perth CBD
Location in
relation to Perth
CBD
West
East
North
South

Private school

Government
school

0
3
1
1

1
2
1
2

Once principals had agreed their schools could participate in the study, they informed
their teaching staff of the present research aims. School principals were keen to make
sure all teachers had access to the results of the study upon its completion. This, the
researcher agreed to. To recruit participants, an information pack was delivered to
schools and included an information letter for parents and consent form, and an
information letter for students with a consent form. With two exceptions, the
administrative tasks of photocopying parent letters and collecting consent forms were
completed by the school staff. The Department of Education and Training stipulated
that students were also required to have information letters and consent forms. Letters
and consent forms were supplied but as many students were unable to read them,
„informed consent‟ was by proxy parental consent. Some Year 2 and Year 3 students
did sign the child consent form but were only included in the study if parent consent had
also been obtained. The participant cohort is distinguished by a capital letter indicating
their year level (Year 1, Year 2, Year 3).
The school teachers provided class lists that were compared to the parent consent forms
to cross check the students who would participate in the study. From these class lists,
another list was compiled of participants only. Class teachers were supplied with the
participant list when the handwriting package for task administration was delivered to
the school. Each participant was distinguished by a code that was made up of the
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number order they appeared on the participant list, the school code, the year level, and
whether it was a government or private school (e.g., 3CP3G). The code was designed to
de-identify the participant, but allowed for easy retrieval of their data. Every
handwriting sample was assigned a code according to participant and used in all
subsequent data analysis. The participant codes were entered into a spreadsheet, which
became the score sheet. Data was stored securely according to university guidelines.
On the participant list, teachers were asked to: (i) indicate left handed students; (ii)
identify one student in their class with good handwriting, two students with average
handwriting and one student with poor handwriting; (iii) check the recording of gender;
and (iv) indicate which student(s) were receiving specialist services for handwriting.
Left handedness was recorded to test the hypothesis that left handed students can be
disadvantaged when learning to handwrite. Gender was checked because some first
names documented on the original class list were ambiguous. The categorisation of
students into good, average, and poor handwriting was to facilitate the paired
comparisons necessary to select suitable exemplars for the marking rubric, described
later in the chapter. Notation of specialist services was required because the intention
was to construct a handwriting legibility scale for children developing typically during
Year 1 and Year 2, rather than for those with known handwriting difficulties who were
receiving therapy/interventions.
Five hundred and fifty signed parent consent forms were obtained for students in Year
1, 2 or 3 attending one of 11 schools located in the Perth metropolitan area. Students
receiving additional support for handwriting (e.g., occupational therapy) were removed,
leaving 542 participants. The participant sample comprised a similar number of girls
(n=267) and boys (n=275) and children were distributed across Year 1 (n=261), Year 2
(n=151) and Year 3 (n=130). The breakdown of the participants according to gender,
year level and school type is presented in Table 5-3. As expected there was a high
number of right handed students (n=505) compared to left handed students (n=37); lefthanded students represented 7.3% of the participant sample. Left handed students were
almost equally distributed between girls (n=19) and boys (n=18) and amongst year
levels: Year 1 (n=14), Year 2 (n=10) and Year 3 (n=13).
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Table 5-3 The breakdown of participants according to gender, year level and school
type
Funding
Type
Public
Private
Total

Year 1
Male Female
78
72
54
57
132
129

Year 2
Male Female
37
33
39
42
76
75

Year 3
Total
Male Female
35
25
280
32
38
262
67
63
542

This concludes the section on participant recruitment. Year 1, Year 2 and Year 3
students were recruited as a representative sample for cross sectional Study One to
validate the HLS. Only the Year 1 students participated in the longitudinal Study Two.
Their growth in handwriting legibility was anchored to the HLS defined from Study
One.
Study Three also involved only the Year 1 students and examined the relationship
between automaticity (alphabet task counts) and legibility, based on measures obtained
for Time 2 in the longitudinal study. Study Three is described in Chapter Eight. Prior to
presenting the results for each study, any adjustments to participant numbers entered for
data analysis according to study design will be clearly signposted. The next section
describes the standard conditions for the test to assess handwriting and instructions for
administering the test in the classroom.

5.4.3 Procedure
5.4.3.1 Establishing standard test conditions
In order to achieve standard test conditions, two experienced primary teachers were
approached to provide advice regarding: (i) the content of the handwriting tasks; (ii)
which pencil to use; (iii) width of paper lines; (iv) how much time to allocate to each of
the handwriting tasks; and (v) administration guidelines - when, and how to administer
the tasks. The composition topics were descriptive text types commonly assigned to
Year 1 and Year 2 students (Annadale et al., 2005). Two tests were devised to
accommodate the longitudinal study, each consisting of three tasks – copying, dictation
and composition. The validity of the handwriting test is improved by having more than
one task for handwriting. In Study One, all year levels were administered Test A. Table
5-4 lists the agreed standard conditions.
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Table 5-4 The standard conditions for administration of the handwriting tasks
Content

Test A
Copy
Dictation

A quick brown fox jumps over the lazy dog.
We had a lot of help from Mum and Dad to cut the
tree.
Composition My family
Test B
Copy
The five boxing wizards jump quickly.
Dictation
Mum and Dad gave us a lot of help to cut the tree.
Composition My school
Pencil

HB

Allow students to use their own pencils

Line Width

18mm

Paper to be supplied by researcher so all
handwriting is on standard paper

Time allocated Dictation

Recite at a pace responsive to the majority of
students, but no extra cues
Copy
Three minutes
Composition Seven minutes

Administration Test A
Guidelines
Test B
Schedule of
tasks

See Appendix R, S
Administer as single tasks on consecutive days

5.4.3.2 Administration of the handwriting tasks
In cross sectional Study One, the class teacher administered the handwriting tasks
according to instructions set out in Test A (see Appendix R). In longitudinal Study Two,
Test A and Test B were alternated between occasions to minimise local dependence. At
the same time, a similar level of difficulty was maintained and only minor variations
were made to each test. Packages with standard paper and standard instructions for
handwriting tasks were delivered to the schools and received by the school receptionist
for distribution. In Study One, a list of the participants was included in each package. In
most cases, teachers administered the tasks to the participants only, but some teachers
administered the tasks to the whole class. In the latter case the handwriting samples of
students without parental consent were discarded.
To avoid fatigue the teachers were instructed to administer the three handwriting tasks
on consecutive days. The order of tasks was copying, dictation and composition. All
Year 1 teachers adhered to this instruction regarding order of tasks, but two Year 2 and
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three Year 3 classroom teachers administered the three tasks in one day. The completed
handwriting samples were collected two weeks later. Feedback from one Year 1 teacher
suggested that the time limit (3 minutes) for discussing the composition topic My family
was insufficient, particularly as students at the beginning of Year 1 were unfamiliar
with this concept. She also explained that the standard practice in her classroom was to
spell the words students wanted to write. To adhere to the standard instructions she had
advised the students to “try their best”. Some Year 1 students found the test challenging,
and this was later confirmed empirically. All teachers from Year 1, Year 2, and Year 3
received a personal letter thanking them for their contribution to the study.
The final section details the construction of the marking key, Rubric HLS. The selection
of exemplars for Rubric HLS is described and reliability examined. Lastly, the scoring
regime is described.

5.4.4 Instruments
5.4.4.1 Rubric HLS
Successful rubrics for assessing performances need to be developed only after careful
inspection of a range of student performance (Heldsinger, 2012). Rubric category
descriptors articulate why one performance is better than another; descriptors for each
aspect (letter formation, size, space in word, space between words, line placement and
slant) were devised after inspection of the range in handwriting performance of the
participant sample. In addition to category descriptors, the Rubric HLS selected
exemplars from this range of handwriting performance. The exemplars were chosen by
means of paired comparison. In paired comparisons, the handwriting samples are
compared side by side; one sample is judged to be better than the other based on a
selected variable. To assist with paired comparison of a suitable, but limited number, of
handwriting samples, teachers were asked to nominate students in their class with good,
average or poor handwriting. Teacher nominations were noted on a separate list. A
design to randomise the nominated students for paired comparison of handwriting
legibility is shown in Table 5-5. Students were selected from the top of the list until the
quota was met. If students had completed less than three tasks or less than five words
per task, the next student on the list was selected. The reason less than five words was
imposed was because some writing is necessary to assess handwriting proficiency.
Government (G) and private (P) schools were equally represented.
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Table 5-5 Selection design for paired comparison to obtain exemplars to construct
Rubric HLS
Good handwriting
4 students – year 3 (2G,
2P)
4 students – year 2 (2G,
2P)
n=8

Average handwriting
1 student – year 1 (G)
2 students – year 2 (G, P)
1 student – year 3 (P)
n=4

Poor handwriting
2 students – year 2 (G,
P)
n=2

A grid for 42 handwriting samples was created using a spreadsheet to record paired
comparisons, which were subsequently ranked from good to poor handwriting. Global
comparisons were conducted to rank handwriting samples but exemplars were chosen
based on aspects of legibility. Table 5-6 outlines the schedule to conduct the paired
comparisons. Exemplars that best illustrated a noticeable difference in legibility for
each aspect, consistent with the descriptors, were selected from the ranked handwriting
samples. This resulted in three exemplars for letter formation, two exemplars for size,
one exemplar for space in word, two exemplars for space between words, two
exemplars for line placement and two exemplars for slant. Exemplars were placed
between category descriptors, illustrated in Figure 5-5 for aspect letter formation, and
designed to act as a threshold for assigning a score at that category level.
Table 5-6 The schedule for conducting paired comparisons for Rubric HLS
Student 1 dictation

Student 1 copying

Student 1 composition

Student 1 copying
Student 1 composition
Student 2…Student 14 dictation
Student 2…Student 14 copying
Student 2…Student 14 composition
Student 1 dictation
Student 1 composition
Student 2…Student 14 dictation
Student 2…Student 14 copying
Student 2…Student 14 composition
Student 1 dictation
Student 1 copying
Student 2…Student 14 dictation
Student 2…Student 14 copying
Student 2…Student 14 composition
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The category descriptors or quality criteria for the six aspects are described below. The
marker was to apply the following instructions to scoring each one of the aspects: 1.
Assign zero (0) for all aspects, if there are less than five words. 2. To assign a score, the
handwriting sample must be BETTER than the exemplar. 3. The descriptor includes
possible variations at that category level not illustrated in the exemplar.
The aspect letter formation had a possible score of 3. The quality criterion between 0
and 1 read - Unable to read. The quality criterion between 1 and 2 read - Incorrect letter
formations, additional strokes, reversals, obvious overwriting. Many letters display
poor letter closure and/or incomplete strokes (e.g., „n‟ for „h‟), descender letters with
incomplete tails. The quality criterion between 2 and 3 read - Letters mainly correct,
occasional poor letter closure (e.g., „o‟) and/or incorrect placement of
ascender/descender letters, and/or misplaced capital letters. Letters have been clearly
corrected. No reversals, overwriting, additional strokes. The quality criterion above 3
read - All capital letters in the correct place. All letters correctly formed with no notable
formation errors, no reversals, correct height for ascender letters, correct length for
descender letters. No overwriting, additional strokes or corrections.
The aspect letter size had a possible score of 2. The quality criterion between 0 and 1
read - Letter size highly inconsistent. The quality criterion between 1 and 2 read - Letter
size moderately inconsistent. The quality criterion above 2 read - Letter size mainly
consistent.
The aspect space in word had a possible score of 1. The quality criterion between 0 and
1 read - Within words, letters touch or overlap. The quality criterion above 1 read Within words, no letters touch or overlap. Cursive exit and entry strokes may touch but
NOT overlap.
The aspect space between words had a possible score of 2. The quality criterion
between 0 and 1 read - Poor or distinct spaces between words. The quality criterion
between 1 and 2 read - Obviously inconsistent spaces between distinguishable words.
The quality criterion above 2 read - Mainly consistent spaces between distinguishable
words.
The aspect line placement had a possible score of 2. The quality criterion between 0 and
1 read - Words clearly „trail‟off/onto the line. Words are written between the lines. The
quality criterion between 1 and 2 read - Inconsistent line placement. Letters are either
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under or above the line. The quality criterion above 2 read - Consistent line placement.
Letters are on the line.
The aspect slant had a possible score of 2. The quality criterion between 0 and 1 read Highly irregular slant. The quality criterion between 1 and 2 read - Moderately
irregular slant. The quality criterion above 2 read - Mainly regular slant.
In summary, Rubric HLS was constructed with exemplars selected by systematic paired
comparison based on the handwriting samples from typically developing students in
Year 1, Year 2, and Year 3 (to capture „end of year‟ Year 2). The exemplars straddled
the category descriptors, which were devised following inspection of the range of
students‟ handwriting performance. The samples generated were performed under
standard conditions that accurately reflect handwriting demands in Year 1 and Year 2.
The description and exemplars for scoring letter formation by Rubric HLS are shown in
Figure 5-5. See Appendix T for a full copy of Rubric HLS.
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Figure 5-5. Letter formation for Rubric HLS
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5.4.4.1.1 Reliability of Rubric HLS
Following the construction of Rubric HLS, handwriting samples of 16 students were
selected randomly from two schools (A&B), to determine rater reliability. Inter- and
intra-rater reliability was tested. Alternating from school A to B, students with three
completed handwriting tasks were selected from their class lists, from top to bottom,
until a pre-defined quota was met. The schedule is depicted in Table 5-7. This generated
48 handwriting samples (16 x 3=48).
Table 5-7 Participant schedule for the inter-rater and intra-rater reliability study
Year 1 (A&B)

Year 2 (A&B)

n=3

Year 3 (A&B)

n=7

n=6

To establish inter-rater reliability, another rater was recruited. She was a health
professional, but not familiar with assessing students‟ handwriting. Prior to
independently scoring with Rubric HLS, training with nine handwriting samples was
provided. Following training, all handwriting samples (n=48) were scored
independently by this rater and the researcher. Inter-rater reliability was satisfactory on
two counts. The item proportion agreement between the two raters using Rubric HLS is
depicted in Table 5-8. The item codes (Table 4-10) are for tasks copying, dictation and
composition on aspects letter formation, size, space in word, space between words, line
placement and slant. Cohen‟s kappa was 0.65 representing substantial agreement. Good
internal consistency ( =0.88) for the Rubric HLS was established.
Table 5-8 Inter-rater item proportion agreement using Rubric HLS
CPlf
CPsz
CPspI
CPspW
CPlp
CPsl

0.83
0.75
1.00
0.83
1.00
0.66

Dlf
Dsz
DspI
DspW
Dlp
Dsl

0.75
1.00
0.91
0.75
0.83
0.83

CMlf
CMsz
CMspI
CMspW
CMlp
CMsl

0.91
0.66
0.75
0.91
0.75
0.91

One week later, without access to previous scores, the researcher rescored the same 16
handwriting samples again and achieved good intra-rater reliability ( =0.97). Rubric
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HLS demonstrated substantial inter-rater ( =0.65) and intra-rater ( =0.97) reliability,
and satisfactory internal consistency ( =0.88). Based on these findings, Rubric HLS
was deemed a reliable marking key to score handwriting on six aspects of legibility.

5.4.4.1.2 Scoring with Rubric HLS
The researcher scored all handwriting samples with the Rubric HLS. Scores were
entered into a prepared spreadsheet. In order to reduce the halo effect, task scoring was
rotated for each classroom: dictation, copying, composition; copying, dictation,
composition; composition, copying, dictation. The aspects of each task were scored in
the order of letter formation, size, space within word, space between words, line
placement and slant. If a student handwrote less than five words, then no scores were
entered for any aspect pertaining to that particular handwriting task; the data were
treated as missing data in the analysis. Although such profiles are useful for diagnostics,
they are not useful for purposes of scale construction.
This concludes the chapter outlining the suitability of the Rasch model to analyse data
based on a coherent series of hierarchical tasks (Griffin, 2007). Preliminary to the
presentation of analysis of data in Chapter Six, the output of the RUMM2030 program
was introduced. In this chapter, the procedures relevant to the studies presented in the
following chapters were documented: ethics clearance; participant recruitment; standard
conditions for the test and its administration; selection of exemplars for the marking key
– Rubric HLS; and reliability testing for Rubric HLS.
The following chapter presents the results of data analysis to construct a linear,
unidimensional scale of handwriting legibility, the Handwriting Legibility Scale,
undertaken to address the first research question – is it possible to construct a valid and
reliable instrument based on cognitive load theory to measure the handwriting legibility
of Western Australian students in Year 1 and Year 2?
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Chapter Six: Handwriting Legibility Scale
No pupil, teacher, or superintendent of schools knows how well any child, class,
or group of children (hand) writes in anything approaching the sense in which
we know how hot any liquid is or how long a wire is (Thorndike, 1910, p. 12).

6.1 Introduction
This chapter describes the results of Study One. It will be recalled that the main purpose
of Study One was to construct a Handwriting Legibility Scale (HLS) that spans the
period when students are learning to become handwriters. In Study Two, the HLS was
to be used in a longitudinal study to monitor the growth in handwriting proficiency of a
cohort of Year 1 students. The HLS included three tasks intended to be of increasing
cognitive load and the performance of each task was assessed on the same six aspects of
legibility. This gave 18 discrete assessments; these 18 assessments are referred to as
items. The items had different numbers of ordered categories reflecting levels of
performance, resulting in different numbers of difficulty thresholds within items that in
total resulted in thresholds that spanned the required range of the continuum.
It will also be recalled that Study One involved the assessment of students at the end of
Term 1 in Year 1, Year 2, and Year 3. The Rasch model (RM) was used to assess the
degree to which the construction of the scale, as an assessment instrument, was
successful. In order to make this assessment, the following hypotheses were examined:
(i) the items will fit the RM; and (ii) writing tasks with greater cognitive load will be
more difficult than those with a lower cognitive load. Subsidiary hypotheses were that
the items will operate sufficiently invariantly across: (iii) gender; (iv) government and
private schools; and (v) left and right handed students. Given the items operate
sufficiently invariantly to make comparisons among the groups, a sixth hypothesis (vi)
was that for each of the year levels, girls will perform better than boys. Existing
evidence for differences between government and private schools, which might be
linked to differences in resources such as funding, and between left and right handers
for handwriting legibility is inconclusive; the intended exploratory examination of type
of school and handedness may add to the evidence.
The first hypothesis was addressed by examining tests-of-fit to the RM, mainly
employing the Chi square statistic and graphical displays of the item characteristic curve
(ICC). The second hypothesis was addressed by comparing the mean locations of the
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six aspects for each of the three tasks. The third, fourth and fifth hypotheses were
examined using the technique of differential item functioning (DIF). Hypothesis six was
examined simply by comparing the means of boys and girls by year level. The
comparisons between performances of the government and private schools, and between
left and right handers, were also made in terms of their means.

6.2 Data analysis
The records of 542 students were entered for analysis; 28 students had extreme scores at
the lower end and were discarded from the analysis. Extreme scores provide no
information for the relative difficulty of tasks and are not used in the fit analysis and
estimation of item parameters in the RM. In addition, the records of 25 students were
deemed invalid as they were absent for all handwriting tasks. This left data for 489
students available for analysis. Given that it easier to study distributions and fit with
complete data where missing responses are only random and not structural, students
who had missing responses for one or more of the handwriting tasks due to nonattendance were also removed. These removals left data for 417 students to be used in
the analyses.

6.2.1 Person-Item distribution
The first set of results examined concerns the person and item threshold distributions,
which are on the same scale. The relative location of the persons, which shows the
alignment of persons and items, is critical in establishing the range of the continuum in
which the scale will operate to assess proficiency in handwriting legibility.
The person-item threshold distribution according to year level is depicted in Figure 6-1.
Figure 6-1 also shows the information function regarding the precision of estimates of
the persons. Although there are fewer thresholds present in the range of -1 to 2 logits,
which is more or less in the middle of the distribution of students, there is nevertheless
maximum information in this region. This is because thresholds on either end of the
range contribute to information in the middle of the distribution, whereas thresholds at
one end of the distribution provide little information at the other end. The maximum
information is approximately at the person location of one logit.
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Figure 6-1. Person-item threshold distribution according to year level
The person-item threshold distribution illustrates graphically the relatively excellent
targeting of the test with thresholds of difficulty present across the whole continuum. A
floor effect was present for 28 Year 1 students, but they had been removed from
analysis as previously indicated. No ceiling effect was demonstrated, thus allowing
growth to be measured reliably at the more proficient end of the scale.
Because the RM centres the mean location of items on zero logits, the overall person
distribution mean (0.09; SD,1.94) suggests that the range of scores at Term 1 for
students in Years 1, 2 and 3 has been reasonably captured. The Person Separation Index
(PSI), equivalent to traditional reliability, was very acceptable at 0.92.
The response categories for all items showed no disordered thresholds (see Appendix
U). As a consequence, the issue of category operation does not require detailed
discussion.

6.2.2 Year level distributions
It is expected that the average of successive year groups should exhibit greater legibility
in their handwriting. The means of handwriting legibility scores across the year levels
are shown graphically in Figure 6-2 and illustrate a clear increase in handwriting
legibility with successive year levels. The rate of increase between Years 2 and 3
(difference in means of 0.7 logits) is less than that between Years 1 and 2 (difference in
means of 2.3 logits). A one-way between-groups analysis of variance (ANOVA) was
conducted and statistical significance between year levels was confirmed:
F(2,414)=1176.27, p<.001. The effect size, calculated using eta squared, was 4.59.
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Separate t-tests confirmed that improvements between both successive year levels were
significant: between Year 1 and Year 2, t(295)=13.78, p<.001 (eta-squared=0.392) and
between Year 2 and Year 3, t(254)=3.79, p<.001 (eta-squared=0.054). The differences
found indicate the instrument is capturing improvement in handwriting during the
period students are learning to handwrite.
In addition, validity of the instrument is suggested by the greater increase between Year
1 and Year 2, compared to that between Year 2 and Year 3. Students in Year 1 are
learning to handwrite; that is, they are learning to reproduce independently the sounds
of the language by handwriting conventional symbols known as alphabet letters. By
Year 2, most students will have learnt to handwrite these conventional symbols as that
is the intention of handwriting instruction. Progress tends to plateau in the second year,
which is a finding consistent with the literature. It might be stressed that the
deceleration shown in Figure 6-2 is not merely on raw scores but on linearised scores,
thus lending further credibility to the empirical deceleration.
The mean and standard deviation at each year level are illustrated in Figure 6-2. The
distributions of year groups show not only that the means of the year levels increase as
expected, but also that there is a great deal of variation within each year level: in Year 1
(min, -4.34 logits: score, 3; max, 2.06 logits: score, 26); in Year 2 (min, 2.66 logits:
score, 8; max, 4.96 logits: score, 33); and in Year 3 (min, 1.38 logits: score, 13; max,
4.98 logits: score, 33). It is evident that the best handwriter in Year 1 is about as able as
the poorest handwriter in Year 3.
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Figure 6-2. A graph charting the development of handwriting legibility from the
beginning of Year 1 to beginning of Year 3

6.2.3 Fit of items and person to the model
The person separation index (PSI) had the high value of 0.92. In the context of studying
fit, the high PSI value indicates there is excellent power to detect misfit to the RM. It
might be noted that the evidence already presented is consistent with expectations and
already confirms the general expediency of summing the scores and applying the RM.
The checking of fit to the RM gives further elaboration of the operation of the items and
interpretations of any misfit at a finer level of analysis. It is also noted that the test of fit
is relative to perfect fit, rather than relative to randomness in the data. This effectively
increases power.

6.2.3.1 The item-trait interaction at the test level
For the individual item-trait interaction test of fit, the number of class intervals chosen
was four, with approximately 25% of cases in each. The number of students in each
class interval (CI-1 to CI-4) was 98, 94, 98 and 127 respectively. The item-trait
interaction value, (χ²=178.58, df 54; p<0.001), gives the total of the Chi square statistics
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associated with the items. This value (total χ²) indicates that as a set, there is statistically
significant deviation from the model. The residual mean value for items was -0.64 with
a standard deviation of 2.50, thereby also deviating from the expected mean of 0.00 and
standard deviation of 1.00. However, the residual mean of -0.28 and standard deviation
1.04 for persons was more consistent with theoretical values of 0.00 and 1.00
respectively.

6.2.3.2 The item-trait interaction at the item level
Two criteria for misfit for the individual item-trait interactions were set: a Chi square
probability level of below 0.01, and a residual of greater than 2.5 or less than -2.5. That
is, items were judged to misfit according to both these criteria. Given that the tests of fit
are concerned with deviation from a theoretical ideal, rather than from randomness, and
because of the high value of the PSI and therefore high power in detecting misfit, using
these combined tests of fit is conservative in identifying items that may nevertheless
contribute relevant information, and may be worth retaining. A large, but negative fit
residual suggests that the item discriminates highly and more than the model
expectations. A large positive fit residual suggests that the item discriminates poorly
and less than the model expectations. In addition, for an item that discriminates poorly
according to these criteria, a check on whether eliminating the item increases the PSI
was made. If it is the case that eliminating the item does increase the PSI, then the item
contributes more error than information for separating individuals. Note that an item
may misfit, but still be useful in separating individuals and potentially useful in
understanding some substantive effect of the item in the assessment.
Table 6-1 shows the individual item-fit statistics (location, standard error, fit residual
and Chi square and its probability). The table also shows the mean difficulties of the
aspects for each task, which are interpreted following the examination of fit.
Items that met one or both criteria of misfit are shaded in Table 6-1. Item 9 met only
one misfit criterion, but because it was so extreme on the Chi square (χ²=47.40,
p<0.001) and marginal on the fit residual criterion (z=2.35), it is also highlighted. Item 7
also met only one misfit criterion, a high fit residual, but it is highlighted because it is
marginal on the Chi square statistic and has the same pattern of large negative fit
residual as Items 1 and 13. It will be recalled that Items 1, 7 and 13 (z=-4.77, z=-3.78,
z=-5.70 respectively) are the same aspect for the three tasks, specifically letter
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formation, and all show very high discriminations. The highlighted items are considered
in more detail below.
Table 6-1 Individual item fit statistics according to task
Task
Copying

Item
no.
9
12
8
10
7
11

Dictation

3
6
2
4
5
1

Composition

15
18
14
16
17
13

Aspect

Location SE

space in word
Slant
Size
space between
words
letter formation
line placement
Mean
space in word
Slant
Size
space between
words
line placement
letter formation
Mean
space in word
Slant
Size
space between
words
line placement
letter formation
Mean

-2.12
-1.47
-0.94
-0.27

0.15
0.13
0.12
0.11

-0.08
0.76
-0.69
-1.89
-0.85
-0.35
0.13

0.09
0.11

1.05
1.06
-0.14
-0.81
0.16
0.92
1.23

0.11
0.09

1.70
1.77
0.83

0.12
0.09

0.14
0.13
0.11
0.11

0.13
0.14
0.12
0.12

Fit
Residual
2.35
-0.81
-1.79
2.66

Chi Sq

Prob

47.40
2.40
4.19
11.67

0.00
0.49
0.24
0.01

-3.78
1.05
-0.05
0.10
-1.36
-3.08
1.30

6.85
3.63

0.08
0.30

3.61
2.88
4.59
9.03

0.31
0.41
0.20
0.03

1.85
-4.77
-0.99
1.97
0.48
-1.40
-1.73

9.02
13.68

0.03
0.00

15.05
3.12
4.39
13.84

0.00
0.37
0.22
0.00

1.07
-5.70
-0.88

2.19
21.05

0.53
0.00

6.2.3.2.1 Item 9 (copying space in word)
The ICC and the observed proportions in the four class intervals for Item 9 are
displayed graphically in Figure 6-3 where it is noted that the observed proportions form
a pattern that is flatter than the ICC. When Item 9 was eliminated and the remaining
items analysed, the PSI increased slightly from 0.91897 to 0.92072. This suggests that
in addition to relatively poor discrimination, the item did not contribute to the
separation of the individuals. However, in order to keep the structure of the original test
consistent (i.e., six aspects measured across three tasks), the item was retained at this
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stage in the development of the HLS. Item 9, as part of the copying task, is considered
again later.
The particular misfit of Item 9 shows that the less proficient students, characterised by
their total score, were able to perform better than expected and the more proficient
students performed less well than expected. However, because the performance of the
less proficient makes the item less difficult, it shifts the ICC to the left. If the ICC were
shifted to the right, then the anomaly can be interpreted as mainly a problem in the
assessment of the less proficient students. Item 9 is disproportionally easy for them.
This finding may be explained as follows. Item 9 relates to spacing in words when
copying and less proficient students may take care to model accurately the space
between letters in words when copying from the handwritten sentence on the board.
However, Year 1 students may not be able to sustain this same level of precision when
handwriting more demanding tasks. It will be seen that Item 9 reappears in the detailed
examination of differential item functioning with further implications for whether and
how it is retained.

Figure 6-3. Individual Item Curve for Item 9

6.2.3.2.2 Items 1, 7 and 13 (dictation letter formation, copying letter
formation, composition letter formation)
Items 1, 7 and 13, all over discriminated relative to the model and are items concerned
with letter formation. This suggests that letter formation items are very highly correlated
with the other items and provide some high-order feature of handwriting legibility with
respect to the other items. From a substantive perspective of development in
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handwriting legibility this is not surprising; without letter formation, handwriting as a
means of written record or written expression cannot progress. However, although
showing statistically significant deviation according to specified criteria, the observed
means in the class intervals are close to their expected values, and show much less
deviation than Item 9. Therefore, the three items were retained. Figure 6-4 displays the
ICCs for Item 1, 7 and 13.
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Figure 6-4. Item Characteristic Curves for Item 1,7, and 13, all related to aspect Letter
Formation
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6.2.4 The relative difficulties of the tasks
The relative difficulty of tasks and the mean difficulty of aspects within tasks are
summarised in Table 6-1, shows that that copying (M, -0.69) was easier than dictation
(M, -0.14), which was easier than composition (M, 0.83). This order of mean difficulty
for item aspects of the task is consistent with the hypothesis that increased cognitive
load affects handwriting legibility. It will be recalled that dictation requires the student
to map letter representations to the sound they hear and record them motorically. In
addition, in composition students must independently generate ideas into words, then
combine the letters of the words, and then combine the words into sentences to express
those ideas.
Figure 6-5 shows the relative difficulties of the aspects for each of the tasks. It is
evident from the graph that the order of difficulties for all aspects is consistent with
hypothesis two, that writing tasks with greater cognitive load will be more difficult. The
aspects are easiest for copying and most difficult for composition. The specific mean
logit values for copying, dictation and composition cannot be compared as ratios
because there is no natural origin. However, differences between values expressed in
logits can be compared as ratios. The respective means of composition, dictation and
copying from Table 6-1 are 0.83, -0.14, and -0.69. The successive differences between
them are 0.97 and 0.55 giving a ratio of 0.97/0.55 = 1.76. Thus, composition is more
difficult than dictation by almost two times the difficulty between dictation and
copying. Figure 6-5 also shows that the order of difficulty of all aspects is relatively the
same across tasks, except for letter formation in copying where line placement was
more difficult. This anomaly is considered again in a subsequent section.
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Figure 6-5. The relative difficulty of the tasks measured in logits
These quantitative differences for relative difficulty of task are also observed
qualitatively. The handwriting of three Year 1 students for all handwriting tasks are
shown in Figures 6-6 (6a, 6b and 6c). The qualitative change in handwriting legibility
according to cognitive load is more apparent for Student A than for Student B. Student
C maintains an acceptable level of legibility across the three tasks, although reversed „j‟
and several additional strokes are noted.
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Three handwriting tasks: Year 1, Term 1

Figure 6-6a. Copying, Dictation and Composition by Student A (person logit -1.4)
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Three handwriting tasks: Year 1, Term 1

Figure 6-6b. Copying, Dictation and Composition by Student B (person logit -0.6)
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Three handwriting tasks: Year 1, Term 1

Copying, Dictation and Composition by Student C (person logit 2.3)
Figure 6-6c. Handwriting samples of Students A, B, and C demonstrating the effects of
cognitive load on handwriting
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6.2.5 The relative difficulties of the aspects
It was possible to examine the relative difficulty of aspects of legibility. Because
students need letters to handwrite, letter formation is one aspect of legibility that
receives disproportionate attention. In classroom writing tasks however, students must
engage with words and sentences that go beyond individual letters. The study of other
aspects of legibility during the period students are learning to handwrite provides some
insight into how students understand words and sentences; for example, space in word,
space between words and line placement. Letter size and slant may also relate to the
presence of lined paper, which handwriting script is taught, and/or reflect a degree of
sensory motor maturity.
The mean locations for items according to aspect indicate the order of difficulty for each
aspect of handwriting legibility shown in Table 6-2 is: space in word (-1.61); slant
(-0.72); size (-0.12); space between words (0.37); letter formation (0.92); and line
placement (1.67). Overall, line placement is the most difficult aspect of handwriting
legibility. Letter formation for copying does not follow the expected trajectory and
suggests that evaluation of letter formation under copying conditions may not be an
accurate reflection of handwriting proficiency beyond copying. In addition, line
placement is relatively easier during copying than during dictation and composition.
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Table 6-2 Relative difficulty of the aspects
Item
No
Aspect

Task

Location

SE

Fit
Residual

Chi
Squ

Prob

9 Space in Word

Copying

-2.12

0.15

2.35

47.4

0.00

3

Dictation

-1.89

0.14

0.1

3.61

0.31

Composition

-0.81

0.13

1.97

15.05

0.00

Mean

-1.61

Copying

-1.47

0.13

-0.81

2.4

0.49

Dictation

-0.85

0.13

-1.36

2.88

0.41

0.16

0.14

0.48

3.12

0.37

15
12 Slant
6
18

Composition
Mean

8
2
14

Size

Space Btwn
10 Words
4
16

1.47

-0.72

Copying
-0.94
Dictation
-0.35
Composition 0.92

-0.56

0.12
0.11
0.12

-1.79
-3.08
-1.4

4.19
4.59
4.39

0.24
0.20
0.22

Mean

-0.12

-2.09

Copying

-0.27

0.11

2.66

11.67

0.01

Dictation

0.13

0.11

1.3

9.03

0.03

Composition

1.23

0.12

-1.73

13.84

0.00

Mean

0.37

Letter
7 Formation

Copying

-0.08

0.09

-3.78

6.85

0.08

1

Dictation

1.06

0.09

-4.77

13.68

0.00

Composition

1.77

0.09

-5.7

21.05

0.00

Mean

0.92

Line
11 Placement

Dictation

0.76

0.11

1.05

3.63

0.30

17

Copying

1.7

0.12

1.07

2.19

0.53

Composition

1.05

0.11

1.85

9.02

0.03

Mean

1.17

13

5

0.74

-4.75

1.32

Figure 6-7 shows the order of aspects from less to more difficult. Letter formation
during copying benefits from a model of the letters and does not depend upon
independent retrieval; therefore, letter formation in copying is less demanding of
cognitive resources than in dictation and composition.
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Figure 6-7. The relative difficulty of the aspects measured in logits

6.2.6 Test of local independence assumption
Using item parameters estimated by the RM, expected scores are calculated and
compared with observed scores, and standardised, to determine the residual. In the RM
the person parameter, as the source of dependence among item parameters, is
eliminated. Therefore, no dependence among the items is expected. There are two
violations of local independence: (i) response dependence and (ii) multidimensionality,
each with different effects. Variance increases with response dependence and decreases
with multidimensionality. Violations of local dependence can be detected by examining
patterns among the standardised item residuals through the residual correlation matrix.
The residual correlation matrix revealed some response dependence between letter
formation, line placement, space in word and slant. For letter formation, the correlations
between item 1 and item 13, item 7 and item 13 were 0.23 and 0.23 respectively. For
line placement, the correlations between item 5 and item 11, item 5 and item 17 were
0.22 and 0.26 respectively. For space in word, the correlation between item 9 and item
15 was 0.22. For slant, the correlation between item 12 and item 18 was 0.24. The
likelihood of some response dependence based on the structure of the scoring regime
was previously highlighted. However, the magnitude of the dependence, in the order of
less than 0.3, was considered relatively small.
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6.2.7 Differential Item Functioning
The data were examined for differential item functioning (DIF), a more specific test of
fit on the operations of items among groups, sometimes referred to as bias. For groups
to be compared on a test, the functioning of test items need to be invariant across
persons.That is, for the same score on the test, the probability of a response to an item
should be the same for the different groups. There were four person factors or groups
where DIF was investigated.
Prior to DIF analysis, the mean difference (ANOVA) between person factors was
examined. Table 6-3 presents the mean difference for person factors according to
gender, school type, handedness, and year level. Because ideally each group has equal
status in the analysis when assessing DIF, the sample size of each group should be as
similar in size as possible. Person factors, gender and school type fulfilled this criterion,
the year level relatively so, but person factor for handedness shows a large discrepancy
in group size.
Table 6-3 Mean differences, standard deviations, F-statistic and probability by group
factor
Person
Factor
Gender

Boys
Girls
School type Private
Government
Handedness Right
Left
Year level
Year 1
Year 2
Year 3

Number

Mean

204
213
207
210
388
29
161
136
120

-0.22
0.38
0.15
0.02
0.05
0.52
-1.53
0.77
1.48

Standard
deviation
1.89
1.93
2.06
1.80
1.94
1.87
1.33
1.55
1.40

Fstatistic
10.33

Probability
0.001

0.46

n.s.

1.58

n.s.

176.27

<0.001

Overall, girls did significantly better with handwriting legibility than boys, a finding
supported in the literature. Private schools had a higher mean compared to government
schools, but the difference was not significant. Left handed students had a higher mean
compared to right handed students, but the difference was not significant. The
significant difference between the year levels has already been highlighted. The
intention of the scale was to study the development of handwriting legibility and given
that the person factor for year level showed the most statistically significant difference
and its comparison is central to the study, evidence regarding DIF for year level is
clearly important. Therefore, year level was examined first for DIF.
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6.2.7.1 Differential item functioning according to year level
The ICC was used to assist in detecting DIF. The observed means in four class intervals
for each group were compared and referenced to the ICC. The presence of DIF for an
item is confirmed statistically by ANOVA of the standardised residuals of all persons,
for each class interval, in each year level. If the F-ratio is statistically significant, DIF
among year levels is indicated. However, because class intervals are formed with ability
estimates, artificial DIF may be induced. To confirm the presence of real or artificial
DIF a sequential, iterative process in eliminating DIF from items is required.
The items that showed DIF according to year level are highlighted in Table 6-4. All
items related to the aspect letter formation show DIF. That is, despite the same
estimated level of ability based on the student‟s total score, the relative difficulty of
items related to letter formation were not invariant across the year levels. Of the items
that show DIF, the one with the highest Mean Square was resolved according to the
procedure outlined in Chapter Five. The item was split into three items, one for each
year level. Items were examined in order from the largest to smallest Mean Square: Item
9 (24.06), Item 13 (22.09), Item 10 (11.55), Item 1 (9.78), Item 12 (8.15), and Item 2
(6.81). Procedures to address these findings are now described.
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Table 6-4 DIF summary showing the DIF effect for Year 1, Year 2 and Year 3 at
Bonferroni adjustment (n=54, prob 0.000185) according to Mean Square (MS)

Item no
MS
1 Dlf
5.14
2 Dsz
1.46
3 DspI
1.32
4 DspW
3.54
5 Dlp
2.83
6 Dsl
0.98
7 Cplf
2.28
8 Cpsz
1.39
9 CpspI
15.81
10 CpspW
4.67
11 Cplp
1.32
12 Cpsl
0.82
13 Cmlf
7.10
14 Cmsz
1.57
15 CmspI
4.61
16 CmspW 4.35
17 Cmlp
0.97
18 Cmsl
1.00

Class
interval
F
Prob
9.08 0.00
2.19 0.09
1.37 0.25
3.42 0.02
2.60 0.05
1.25 0.29
3.27 0.02
1.81 0.14
7.59 0.00
4.20 0.01
1.28 0.28
1.03 0.38
14.91 0.00
1.91 0.13
3.42 0.02
5.83 0.00
0.95 0.42
0.99 0.40

MS
9.78
6.81
2.92
0.07
3.17
0.67
5.36
2.21
24.06
11.55
2.24
8.15
22.09
0.68
8.95
1.59
3.92
1.52

Year level
F
Prob
17.26 0.00
10.22 0.00
3.03 0.05
0.07 0.94
2.91 0.06
0.86 0.43
7.67 0.00
2.87 0.06
11.55 0.00
10.39 0.00
2.17 0.12
10.23 0.00
46.38 0.00
0.83 0.44
6.64 0.00
2.13 0.12
3.84 0.02
1.50 0.22

MS
-1.91
1.47
0.54
0.55
-0.40
2.08
-0.77
0.15
-4.90
1.47
0.24
1.56
-3.80
0.45
-1.77
1.87
1.84
0.12

CI x year
F
Prob
-3.37 1.00
2.21 0.05
0.56 0.73
0.54 0.75
-0.37 1.00
2.66 0.02
-1.10 1.00
0.20 0.96
-2.35 1.00
1.33 0.25
0.23 0.95
1.96 0.08
-7.97 1.00
0.54 0.74
-1.31 1.00
2.51 0.03
1.81 0.11
0.12 0.99

6.2.7.1.1 Item 9 (copying space in word)
Of the items displaying DIF, Item 9 showed the largest Mean Square (24.06) and the
difference between year levels is displayed graphically in Figure 6-8. The figure shows
that for the same overall level of proficiency, Year 3 found this item considerably more
difficult than Year 1 and Year 2, a finding that is counterintuitive and becomes more
apparent after Item 9 was resolved for DIF into three year level items.
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Figure 6-8. Graphical comparison showing a DIF effect for Year 1, Year 2 and Year 3
in Item 9
These new items now have structurally missing data. The difference in location,
expressed in logits, is an indication of the magnitude of DIF for Item 9: Year 1 (-2.78),
Year 2 (-1.76), and Year 3 (-0.22). The individual ICCs for each year are displayed in
Figure 6-9. It confirms that the relative order of difficulty does increase with year level.
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Figure 6-9. The ICCs for Item 9 split for year level displayed in order Year 1, 2, & 3
In addition, it is evident that Item 9 is not a discriminating item for Year 2 students.
Item 9 is the easiest item and could be anticipated to become less discriminating as
students develop handwriting legibility and they master spaces between letters in words
when copying from the board. Counterintuitively, Item 9 does discriminate between
ability levels in Year 3 and is actually more difficult for Year 3 than Year 1 students. A
possible explanation is that a number of Year 3 students copied the same sentence
multiple times within the standard time frame, compared to most Year 1 and Year 2
students. Year 2 and Year 3 were instructed, “If you have finished copying the sentence
once, write it again until I tell you to stop”. Therefore, it is possible some Year 3
students may have interpreted this to mean write as many sentences as you can.
Handwriting speed may have been a confounding factor; however, it should be noted
that only the first sentence was scored. The ICC suggests that instead of optimizing
performance, Year 3 students appeared to find copying space in word more difficult.
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Another explanation for this finding will be presented when other copying items for
Year 3 are considered.
After Item 9 was resolved for DIF at the year level, the DIF significant Mean Square
according to year level listed in order of the largest to smallest Mean Square were: Item
13 (20.16), Item 10 (13.06), Item 12 (8.77), Item 1 (8.45), and Item 2 (6.06), the same
items as previously.

6.2.7.1.2 Item 13 (composition letter formation)
Of the remaining items after Item 9 had been split, Item 13 showed the highest mean
square (20.16). The ICC depicted in Figure 6-10 provides a graphical comparison of the
year levels and reinforces that for the same level of achievement, Year 3 found letter
formation in composition easier than Year 2, and Year 2 found it easier than Year 1.
Because there are no Year 3 students in the first class interval, the ICC indicates that all
Year 3 students were forming conventional letters with some degree of proficiency. In
other words, Year 3 students are handwriters, but their overall handwriting legibility
(their total score) was influenced by their performance on other aspects of legibility.
Composition may become a more complex task for Year 3 students, depending on
mental processes utilised during composition. Some students may be transitioning from
knowledge telling to knowledge transformation processes for composition. During this
transition, composition is no longer simply a “stream of consciousness” as in knowledge
telling; instead, more planning occurs as sentences are constructed for an audience and
composition is more reflective of knowledge transformation processes.

Figure 6-10. Graphical comparison showing DIF according to year level for Item 13
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Item 13 was resolved for DIF according to year level. The ICCs generated for each year
clearly demonstrated the progression of ability to form letters independently under the
additional cognitive load of composition. The difference in location, expressed in logits,
is an indication of the magnitude of DIF for Item 13: Year 3 (-1.74), Year 2 (1.76), and
Year 1 (3.92). The individual ICCs of Item 13 for each year are displayed in Figure 611.

Figure 6-11. The ICCs for Item 13 split for year level displayed in order Year 1,2, & 3
After Item 13 was resolved for DIF at the year level, the DIF significant Mean Squares
according to year level listed in order of the largest to smallest Mean Square were: Item
1 (11.09), Item 10 (10.57), Item 2 (7.61), Item 12 (7.61), and Item 7 (6.32). The Items 1,
10, 2, and 12 showed DIF as previously, but now Item 7 also showed DIF.

6.2.7.1.3 Item 1 (dictation letter formation)
Of the items that continued to show DIF, Item 1 showed the highest Mean Square
(11.09). The ICC depicted in Figure 6-12 displays a graphical comparison of the year
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levels and reinforces that on the whole, for the same overall proficiency, Year 3 found
letter formation in dictation easier than Year 2, and Year 2 found it easier than Year 1.
However, high ability Year 1 students are better than high ability Year 2 and Year 3. It
can be assumed that Year 1 dictation proceeded at a slower pace than for Year 2 and
Year 3, as the administration instructions stated, “dictation, at a pace responsive to the
class”. In addition, the Year 1 teacher may have provided more repetitions of the words
to be dictated. The slower pace would be advantageous to Year 1 students who can
handwrite.

Figure 6-12. Graphical comparison showing a DIF effect for Year 1, Year 2, and Year 3
in Item 1
Item 1 was resolved for DIF according to year level. The ICCs for each year level are
displayed in Figure 6-13 and demonstrate the progression of ability in year levels to
independently form letters under the additional cognitive load of dictation. The
difference in location, expressed in logits, is an indication of the magnitude of DIF for
Item 1: Year 3 (-1.76), Year 2 (0.98), and Year 1 (1.24).
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Figure 6-13. The ICCs for Item 1 split for year level displayed in order Year 1, 2, & 3
After Item1 was resolved for DIF at the year level, the DIF significant Mean Squares
according to year level listed in order of the largest to smallest Mean Square were: Item
2 (9.15), Item 7 (8.36), and Item 12 (6.92), the same items as shown previously. Item 10
no longer showed DIF.

6.2.7.1.4 Item 2 (dictation size)
Of the items that continued to demonstrate DIF, Item 2 showed the highest Mean
Square (9.15). The ICC depicted in Figure 6-14 displays a graphical comparison of the
year levels. Overall, Year 2 students found Item 2 easier than Year 3, but the Year 3 CI1 is the same as the Year 1 and 2 CI-2, which may be contributing to some distortion of
comparison between year levels.
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Figure 6-14. Graphical comparison showing DIF effect for Year 1, Year 2 and Year 3 in
Item 2
The ICCs for Item 2 at each year level are displayed in Figure 6-15. Dictation was not
timed. Instead, teachers were instructed to dictate the sentence at a pace responsive to
the class; thereby, students were provided with optimal conditions to execute readable
handwriting. In contrast, copying and composition were both timed tasks. It may also be
the case that the dictated sentence may have been too easy for Year 3 students.
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Figure 6-15. The ICCs for Item 2 split for year level displayed in order Year 1, 2, & 3
The difference in location, expressed in logits, is an indication of the magnitude of DIF
for Item 2: Year 2 (-4.18), Year 3 (-1.09), and Year 1 (3.98). After Item 2 was resolved
for DIF at the year level, the DIF significant Mean Square according to year level
showed that Item 7 (10.03) was the only item that continued to show DIF according to
year level.

6.2.7.1.5 Item 7 (copying letter formation)
Item 7 showed a high Mean Square (10.03). The ICC depicted in Figure 6-16 displays a
graphical comparison of the year levels.
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Figure 6-16. Graphical comparison showing a DIF effect for Year 1, Year 2 and Year 3
in Item 7
In contrast to dictation and composition where Year 3 had no students in the first class
interval, Figure 6-16 shows almost uniform DIF for Item 7 across the three year levels.
By inference, some Year 1 and Year 2 students are still learning to handwrite letters
under task conditions of dictation and composition. However, this distinction is less
apparent for copying letter formation, which is relatively easier for less proficient
students. The difference in location, expressed in logits, is an indication of the
magnitude of DIF for Item 7: Year 2 (-2.38), Year 3 (-0.26) and Year 1(0.49).
After Item 7 was resolved for DIF at the year level, none of the remaining items showed
DIF for year level. Given this finding, it can be assumed that Item 10 and Item 12
displayed artificial DIF that did not require further analysis.

6.2.7.2 Letter formation across year levels under different task
conditions
The split items with respect to year level for letter formation, according to task, are
illustrated in order of Year 1, Year 2, and Year 3 in Figure 6-17. Year 1 and Year 2
show development for letter formation under different task conditions as expected.
Letter formation under copying (Item 7) is easier than under dictation (Item 1), which is
easier than composition (Item 13). However in Year 3, improvement in letter formation
in dictation and composition appears to plateau, but letter formation under the copying
condition is more difficult than composition and dictation. In Year 3 letter formation
deteriorates under copying, the handwriting task with the least cognitive load. It has also
173

been noted in DIF analysis that copying space in word was more difficult for Year 3
than Year 1 and 2. Year 3 students are independently able to retrieve letter formation in
dictation and composition, and as handwriters, conform more or less to other aspects of
legibility. In copying, the modeling of words in the sentence may be considered
redundant for Year 3 students, in contrast to Year 1 students, where the additional
information provided by a model to copy optimised their performance. Processing
redundant information requires cognitive resources that counterintuitively lead to poorer
performance. A level of proficiency is attained when all sources of information can be
understood separately and do not need to be processed in working memory. However,
tasks that are too easy may divert attention to information that is in effect redundant,
and thereby negatively affect performance.
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Figure 6-17. Graphical comparison of Item 1 (Dlf), 7 (Cplf), and 13 (Cmlf), graphics
arranged in order of Year 1, Year 2 and Year 3
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6.2.7.3 Differential item functioning according to gender and school
type
The gender factor showed no DIF was present on any item. The school type factor
according to government or private funding showed no DIF was present on any item.

6.2.7.4 Differential item functioning according to handedness
Item 6 showed a high Mean Square (11.84) for handedness. The ICC depicted in Figure
6-18 displays a graphical comparison of right and left handed students for dictation
slant. Right handed students found this item easier than left handed students at the same
ability location. A possible explanation may be that during dictation, students have to
wait on the teacher before handwriting the next word and so their wrist may fall into a
„natural resting‟ pattern that could affect slant. There is a large discrepancy in group
size between right and left handed students. Ideally, to check whether real DIF is
present the sample sizes of the two groups should be the same. The large size of the
right handed sample dominates the estimates for this item. Therefore, this finding
should be interpreted with caution. No action was taken to resolve Item 6 for DIF
according to handedness.

Figure 6-18. Graphical comparison showing a DIF effect between right and left handed
students in Item 6
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6.2.8 The location of items resolved for differential item
functioning
The above range of DIF analyses, including the resolution of items, can be used to
provide a summary of the effects of DIF. For example, the resolution of items provided
the relative difficulties of the same aspect for each task and for each year level. These
difficulties can be used to detect any patterns in the DIF relative to the hypothesis of
cognitive load on tasks. After Item 9, 13, 1, 2, and 7 were resolved for DIF according to
year level an additional three items for each Item split (Item 9 is now yr1-9, yr2-9, yr-9
and so on) were created, producing 28 items including the original unresolved items.
The 28 items are listed in order of their location in Table 6-5.
The major pattern that can be detected pertains to the counterintuitive results for Year 3
students in the relative difficulties of letter formation in the copying task (-0.26) relative
to letter formation in both dictation (-1.71) and composition (-1.68). Specifically, Year
3 students found letter formation in copying more difficult than in dictation and
composition, where the latter two were of virtually the same difficulty. The poorer
manifest performance in letter formation in the copying task cannot be a result of Year 3
students regressing in their capacity to form letters.
The anomalous result is central to the understanding of the impact of cognitive load on
handwriting. In the cases with greater cognitive load, dictation and composition, effort
is required for the whole task which manifests itself in students taking care to perform at
their full level of proficiency. In contrast, copying for Year 3 students at their level of
proficiency is not in itself a demanding task. Yet, it appears that information inherent in
copying, useful for Year 1 students, is not useful to Year 3 students. It is contended that
this is because much of the information is redundant. Attention may be diverted to the
model to copy instead of to their handwriting. The operation of a redundancy effect
reasonably explains the fall in performance of Year 3 students, which is inversely
related to their proficiency. Therefore it was concluded that the task of copying within
the HLS should not be administered to the students at Year 3 level.
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Table 6-5 Individual item fit statistics after 5 items were resolved for DIF according to
year level

Item statement
yr2 dictation size
yr1 copy space in word
yr2 copy letter formation
yr2 copy space in word
yr3 dictation letter formation
yr3 composition letter formation
dictation space in word (Item 3)
copy slant (Item 12)
yr3 dictation size
copy size (Item 8)
dictation slant (Item 6)
composition space in word (Item
15)
yr3 copy space in word
yr3 copy letter formation
copy space between words (Item
10)
dictation space btwn words (Item 4)
composition slant (Item 18)
yr1 copy letter formation
copy line placement (Item 11)
yr2 dictation letter formation
composition size (Item 14)
dictation line placement (Item5)
composition sp btwn words (Item
16)
yr1 dictation letter formation
yr2 composition letter formation
composition line placement
(Item17)
yr1 composition letter formation
yr1 dictation size

Location
-4.07
-2.50
-2.38
-1.78
-1.71
-1.68
-1.63
-1.26
-1.06
-0.70
-0.62

SE
0.25
0.20
0.17
0.29
0.25
0.22
0.14
0.13
0.21
0.12
0.13

Fit
Residual
-0.55
2.00
-1.54
1.24
-0.48
-1.34
-0.10
-0.92
-1.96
-1.62
-1.51

-0.56
-0.48
-0.26

0.13
0.26
0.18

1.70
-0.32
-1.08

11.20
3.34
1.95

0.01
0.34
0.58

-0.03
0.37
0.39
0.49
0.99
1.06
1.15
1.27

0.11
0.10
0.14
0.16
0.11
0.18
0.12
0.10

2.28
1.30
0.35
-1.41
0.87
-1.48
-1.46
1.60

9.84
13.43
2.21
6.33
2.36
1.72
3.65
4.50

0.02
0.00
0.53
0.10
0.50
0.63
0.30
0.21

1.47
1.52
1.90

0.12
0.15
0.17

-1.36
-3.24
-2.44

11.68
11.27
4.51

0.01
0.01
0.21

1.92
4.08
4.10

0.11
0.18
0.20

0.98
-2.08
-1.03

1.95
6.31
2.34

0.58
0.10
0.50

Chi Sq
1.17
11.76
1.27
16.34
0.40
1.69
1.26
1.99
6.06
4.65
2.73

Prob
0.76
0.01
0.74
0.00
0.94
0.64
0.74
0.58
0.11
0.20
0.44

The observation regarding copying for Year 3 students led to the consideration at the
other end of the continuum, of the administration of the task of composition to Year 1
students. It is evident from Table 6-5 that letter formation in composition for Year 1 is
the second most difficult item and substantially more difficult (4.08) than the third most
difficult item, composition line placement (1.92) which was not DIF resolved. Year 1
dictation size was also extremely difficult, but it does not fit into a pattern relative to the
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other year levels and it was not interpreted in any general way. However, the extreme
difficulty of letter formation in composition for Year 1 suggested, complementary to the
copying being too easy to be useful as an assessment for Year 3, that composition was
too difficult to be useful as an assessment for Year 1. This conclusion led to considering
the administration of the HLS to be according to the design shown in Table 6-6. That is,
that the copying should not be administered to Year 3 students and the composition task
should not be administered to Year 1 students. Year 2 students, assessed at the end of
Term 1, can be administered all tasks. This design will be referred to as a tailored
design, a term used for selecting items based on their relative difficulties.
Such a design can be accommodated with the RM, and is a design used initially by
Rasch (1960) in his description of studies of the progress of reading of students.
Specifically, students in higher grades were administered more difficult texts to read
than students in lower grades with texts being given to adjacent year groups providing a
link among tasks.
Table 6-6 Data structure for tailored design of HLS
Year 1

Year 2

Year 3

Copying
Dictation

Copying
Dictation
Composition

Dictation
Composition

The remaining part of the Chapter provides the results of analyses according to the
tailored design in Table 6-6.

6.3 Analysis of data with deleted tasks: Tailored design
of HLS
6.3.1 Person-item distribution
The following analyses and interpretations are based on data where responses to
composition items from Year 1 and responses to copying items from Year 3 were
deleted. Data now have the structure of tailored testing whereby all items of a task
which are either too easy or too difficult for a student is not administered. Compared to
the original HLS, the overall mean for the tailored design of the HLS remained the same
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(0.08 compared to 0.09) but the standard deviation increased slightly (2.04 compared to
1.94).
The person-item threshold distribution is depicted in Figure 6-19 and shows the greater
separation between the mean year levels (-1.667, 0.766, 1.733) than in the original
design (-1.530, 0.772, 1.476) for Years 1, 2 and 3 respectively. There is no ceiling or
floor effect. Thus with the tailored design, the Year 3 students appear relatively more
able, and the Year 1 students relatively less able. This effect contributes to justifying the
tailored structure of Table 6-6. The pattern of thresholds in Figure 6-19 is similar to that
in the full design (Figure 6-1), but with more spread. This difference is reflected in the
information function, which although slightly bimodal in both cases, is substantially
wider in the tailored design than in the original design. This means that the precision of
the estimates is greater across a wider range of the continuum than in the original
design. This further confirms the inappropriateness of administering the copying task to
Year 3 students and the composition task to Year 1 students.

Figure 6-19. Person-item threshold distribution according to year level after
composition has been deleted from Year 1 and copying has been deleted from Year 3

6.3.2 Fit of items and person to the model
The PSI remained virtually identical (0.92 in the original design and 0.90 in the tailored
design), and the items trait interaction test of fit improved slightly from (χ²=178.58, df
54; p<0.001) to (χ2=149.98, df 54, p<0.001). The residual means and standard
deviations for items were not very different but closer to theoretical values changing
from (M, 0.64; SD, 2.50) to (M, -0.57; SD, 2.12). In contrast, the mean fit residuals of
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the persons changed from (M, -0.28; SD, 1.04) to (M, -0.34 SD, 1.01). Though only
marginal, these differences imply, as expected, somewhat better fit to the model. Items
showed marginal change in their fit statistics and Item 9 remained the worst fitting item
(see Appendix Z for ICC). Four items showed high negative fit residuals: Item 1 (z=4.98), Item 2 (z=-2.92), Item 7 (z=-3.32), and Item 13 (z=-2.98). Item 10 showed high
positive fit residual (z=2.62). Although items related to letter formation (Items 1,7,13)
retained high negative fit residuals, deleting composition from Year 1 and copying from
Year 3 reduced them overall to be closer to zero. The item locations for the tailored
design HLS in order from easy to difficult, are listed in Table 6-7.
The item which continued to show misfit by underdiscriminating was Item 9. However,
this is an extremely easy item and because it is scored dichotomously, the probability of
a correct response is high. This high probability and consequent low variance, can
inflate the Chi square statistic. Despite these considerations, it was decided to retain
Item 9 to maintain the structure of the test.
Table 6-7 Item locations of the tailored design HLS with composition deleted from Year
1 and copying deleted from Year 3
Item
No.
9
3
12
8
6
10
15
2
7
4
18
11
14
5
1
16
13
17

Fit

Aspect
Location SE Residual Chi Sq Prob
copy space in word
-2.71
0.17
2.47
44.68
0.00
dictation space in word
-1.83
0.14
0.17
4.09
0.25
copy slant
-1.81
0.16
-2.27
0.89
0.83
copy size
-0.91
0.15
-0.97
2.75
0.43
dictation slant
-0.73
0.12
-1.43
4.15
0.25
copy space btwn words
-0.40
0.13
2.62
10.89
0.01
compose space in word
-0.35
0.17
0.76
5.12
0.16
dictation size
-0.27
0.11
-2.92
10.79
0.01
copy letter formation
-0.04
0.11
-3.32
7.02
0.07
dictation space btwn
words
0.24
0.10
0.86
9.24
0.03
composition slant
0.48
0.17
0.01
5.22
0.16
copy line placement
0.60
0.13
1.04
4.02
0.26
composition size
0.80
0.16
-0.04
1.68
0.64
dictation line placement
1.13
0.10
2.04
11.69
0.01
dictation letter formation
1.17
0.09
-4.98
12.25
0.01
compose space btwn
words
1.20
0.18
-1.03
3.07
0.38
compose letter
formation
1.45
0.12
-2.98
9.34
0.03
compose line placement
1.97
0.14
-0.23
3.09
0.38
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6.3.3 Differential Item Functioning
The items were re-examined for DIF indicated by the Mean Square. At the year level,
DIF was still present for Item 1(8.74), Item 2 (6.38), and Item 13 (9.49). There was no
DIF at the level of school type. At the level of handedness, Item 6 continued to show
DIF (11.65). At the level of gender, Item 13 (15.10) showed DIF. The DIF at gender
level is for composition letter formation only. At the same level of legibility
proficiency, girls are better at a higher order feature of legibility, letter formation,
during composition. Such a result suggests that girls are better at managing the
cognitive load elements inherent in composition that is reflected in letter formation
during composition.
At the year level no action was taken to resolve DIF, but it is noted that letter formation
for dictation and composition (Items 1 and 13 respectively) operate slightly differently
at different year levels. This is not unexpected as by definition, dictation and
composition demand independent recall of alphabet letters during task performance that
may be beyond some Year 1 students; such a result is not inconsistent with the cognitive
load hypothesis. The DIF remained for handedness but as previously explained, due to
the few students with left handedness, this result may be strongly influenced by one or
two students.
The mean differences (ANOVA) between person factors are shown in Table 6-8. The
pattern of difference remained the same as in the original analysis, but the F-statistic is
increased (from F=117.58 to F=200.95) for year levels compared to year levels when all
the tasks were retained. Thus, compared to the original design the tailored design shows
increased differences in handwriting proficiency among the year groups.
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Table 6-8 Mean differences, standard deviations, F-statistic and probability by group
factor after composition removed from Year 1 and copying removed from Year 3
Person
Factor
Gender

Boys
Girls
School type Private
Government
Handedness Right
Left
Year level
Year 1
Year 2
Year 3

Number

Mean

223
216
215
224
408
31
179
138
122

0.39
-0.23
0.04
0.13
0.05
0.52
-1.54
1,56
1.72

Standard
deviation
2.03
1.98
1.87
2.18
2.03
2.00
1.39
1.56
1.46

Fstatistic
10.49

Probability
0.001

0.22

n.s.

1.55

n.s.

200.95

<0.001

No further action was taken to resolved items for DIF with the tailored design. Year 1
students completed copying and dictation; Year 2 students completed copying, dictation
and composition, and; Year 3 students completed dictation and composition.

6.3.4 The relative difficulties of the aspects
The relative difficulties of the aspects from the original design and tailored design were
compared. The relative difficulty of slant increased slightly for copying and line
placement increased slightly for dictation and composition as shown in Table 6-9
comparing the original HLS before deletion of tasks with the tailored HLS. However,
letter formation became slightly easier, no doubt reflecting the difficulty of forming
letters for composition in Year 1 and the apparent redundancy effect for letter formation
during copying in Year 3. The key observation is that with the tailored design, copying
becomes relatively easier, and composition relatively more difficult.
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Table 6-9 Comparison of item location of HLS before and after task deletion

Task
Copying

Dictation

Composition

Item
no.

Aspect

Location
HLS:
HLS:
original tailored
9 space in word
-2.12
-2.71
12 Slant
-1.47
-1.81
8 Size
-0.94
-0.91
10 space between words
-0.27
-0.40
11 line placement
0.76
0.60
7 letter formation
-0.08
-0.04
Mean
-0.69
-0.88
3 space in word
-1.89
-1.83
6 Slant
-0.85
-0.73
2 Size
-0.35
-0.27
4 space between words
0.13
0.24
5 line placement
1.05
1.17
1 letter formation
1.06
1.17
Mean
-0.14
-0.04
15 space in word
-0.81
-0.35
18 Slant
0.16
0.48
14 Size
0.92
0.80
16 space between words
1.23
1.20
17 line placement
1.70
1.97
13 letter formation
1.77
1.45
Mean
0.83
0.93

Because it was considered to assess handwriting more accurately, the item location
estimates of the tailored design HLS were adopted as the scale against which to analyse
the longitudinal data. The items of the tailored design HLS were anchored on item
thresholds.

6.4 Conclusion
This chapter described the results of analyses for data derived from three handwriting
tasks administered to Year 1, Year 2 and Year 3 students in Term 1 and scored with the
Rubric HLS. The six hypotheses introduced at the beginning of the chapter are revisited.
The first hypothesis, that the items would fit the RM, was substantively confirmed. The
data showed sufficient fit to the RM to allow linearised scores to confirm that writing
tasks of greater cognitive load are more difficult, giving support for hypothesis two that
writing tasks with greater cognitive load will be more difficult than those with lower
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cognitive load. In addition, it was possible to indentify the relative difficulty of six
aspects of legibility relative to task, and reinforced the high order nature of letter
formation when learning to handwrite. Given these findings, and consistent with the
literature, it was demonstrated that the order of handwriting proficiency improved with
successive year levels, with deceleration between Year 2 and Year 3 relative to progress
between Year 1 and Year 2.
Subsidiary hypotheses related to the invariant operation of items across gender, school
type, and handedness. Composition letter formation operated differently for girls and
boys of the same proficiency level; therefore, this item cannot be said to operate
invariantly across gender. In other words, composition must represent a slightly
different writing task for boys than it does for girls, which is reflected in better letter
formation. Such a finding is not inconsistent with the literature where girls tend to
outperform boys in written expression during Year 1 and Year 2. Except on
composition letter formation, overall however, the other items were invariant across
gender, supporting hypothesis three that items operate sufficiently invariantly across
gender. Given this caveat, hypothesis six, which stated that girls would perform better
than boys for the year levels, was supported and confirms previous research.
Hypothesis four and five were supported, that is, the items operated invariantly across
schooling type and handedness. Substantively, no differences were found in
handwriting legibility between government and private schools. Overall, no substantive
differences were found between left and right handed students. Therefore, the influence
of school type and handedness on handwriting legibility in the present research is
neither ruled in nor ruled out.
Finally, based on the result of analyses, a revision of the scale was indicated. One of the
major findings was that the composition task was too difficult for the Year 1 students
and the copying task was too easy for the Year 3 students, resulting in anomalous
performances. Accordingly, the scale was revised using a tailored design so that these
two tasks were excluded for those groups. That the anomalies manifested themselves in
these particular locations, namely that composition is too difficult for Year 1 and
copying is too easy for Year 3, is consistent with the hypothesis that composition entails
greater cognitive load demands than copying, and that as students progress through the
years they are more able to cope with these cognitive load demands. Copying on the
other hand, presents redundant information for Year 3 students, which
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counterintuitively lead to poorer performance. Composition was deleted from Year 1
and copying was deleted from Year 3 to construct the revised Handwriting Legibility
Scale.
The item location estimates, for the revised scale using the tailored design, were
prepared as an anchor template to evaluate change in handwriting legibility from the
beginning of Year 1 to the end of Year 2 within the same frame of reference. The label
Handwriting Legibility Scale (HLS) will be retained and its reference in the following
chapters refers to the tailored design. The following chapter presents the findings of the
longitudinal study, Study Two.
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Chapter Seven: Longitudinal Study of Handwriting
Legibility
7.1 Introduction
This chapter describes the outcome of the longitudinal study, Study Two. Data were
collected from the Year 1 students at four data points: the end of Term 1 (April) and
Term 3 (September) in 2010 and in 2011 when the students were in Year 2. These
consecutive four data points will be referred to as Time 1 (T1), Time 2 (T2), Time 3
(T3) and Time 4 (T4). The main hypothesis for Study Two was that students would
display most improvement in handwriting legibility in their first year of schooling with
less, but continuing improvement in their second year. Having two time points of
assessment in both years of schooling will demonstrate where the greatest growth
occurs. This hypothesis was addressed by estimating the person parameters from the
same item parameters obtained in Study One. That is, Study One and Study Two
retained the same item parameters. Changes in person locations at the different points
were then studied for the longitudinal study. Although the fit statistics of responses to
the model were examined, because of the small final sample size described below, they
have not been reported. However, the patterns of fit were the same as in the larger cross
sectional study.

7.2 Method
7.2.1 Participants
The study participants were Year 1 students recruited for Study One and are hereafter
called the cohort. The cohort was tracked for two years and they provided handwriting
samples for three handwriting tasks at four data points (3x4=12 samples per student). At
the end of the longitudinal study, complete data were available for only 65 students of
the cohort (n=161) entered at the beginning of Study One. The majority of students
(n=96) had incomplete data on one or more occasions.
The main reason for attrition was school absenteeism on one or more days when the
handwriting tasks were administered, and a number of students had left the school
across school sites over the two year period. Incomplete sets of handwriting samples
also contributed to the attrition of study participants. At T2, some students in school A
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omitted to put their name at the bottom of the page for composition. Their handwriting
was so variable between the three samples that it was impossible to assign the
composition task to a particular student, resulting in missing responses for composition.
At T3, school B withdrew from the study and that meant their T1 and T2 samples were
unable to be used for the longitudinal study. At T3, school C, as an oversight, omitted
to administer the composition task. In school D at T3 some students omitted to put their
first name on some of their samples so it was not possible to code them for analysis. At
T4 all tasks were administered at the participating schools and all samples were able to
be coded for analysis.
Despite attrition of the majority of students, Table 7-1 illustrates the cohort remained
equivalent in number across the government and private schools. However, there were
considerably more girls than boys (37% more). Based on previous research and
evidence in Study One, girls are somewhat better at handwriting than boys at this age,
but because of the small sample size, and the aim of the study, separate results are not
reported for boys and girls.
Table 7-1 Participant characteristics for the longitudinal study
Funding
Type
Public
Private
Total

Total
Boys
14
12
26

Girls
19
20
39

33
32
65

There remained four left handed students in the longitudinal study (6% of the
participants), which is slightly less than 7.3% of the original cohort. Two girls in
government schools and two boys in private schools were left handed.

7.2.2 Procedure
7.2.2.1 Administration of the handwriting tasks
The administration of the handwriting tasks at T2 to T4 was slightly modified from T1.
At T1, most teachers administered the tasks only to those students recruited to the study.
This proved to be troublesome for some teachers and subsequent administration of the
task was to all students in the class. Materials (paper and test instructions) were
delivered to the school two weeks prior to the end of term, with an assigned date for
collection. Sufficient paper was included in the packages to accommodate
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administration to the whole class. Test instructions were included. Following the
coding of collected handwriting samples, the samples of students not recruited to the
study were shredded. At each administration, and following collection of the
handwriting samples, a personal thank you letter was addressed to teachers for their
contribution to the study.

7.2.2.2 Instruments
The handwriting test. As previously reported, two parallel tests (treated as identical),
were devised for the longitudinal study (see Appendix R and S for Test A & B). It will
be recalled that these two different tests were used to minimise the effect of practice on
specific tasks, while retaining essentially the same combination of letters (pangram),
words (dictation) and a similar descriptive writing task. Test A was administered at T1
and T3, and Test B was administered at T2 and T4. Table 7-2 lists the administration
times of the two tests. All handwriting samples were scored with the same Rubric HLS.
Table 7-2 The time of administration for Test A and Test B
Test
A
2010 April Term 1
2010 September Term 3
2011 April Term 1
2011 September Term 3

T1
T2
T3
T4

Test
B

Test
A

Test
B

x
x
x
x

The four sets of observations (raw scores) at T1, T2, T3 and T4 were stacked, so there
were four times more observations than students, and analysed with RUMM2030
software. It was considered that by Term 3, students in Year 2 were becoming
sufficiently competent handwriters so that, like the Year 3 students at Term 1 in Study
One, they would find copying too easy. Therefore, using the stacked data set and
following the final design from Study One described in Chapter Six, composition was
deleted from T1 and copying was deleted from T4. Table 7-3 illustrates the structure of
data prior for the analysis.
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Table 7-3 Systematic deletion of data prior to analysis
Time 1

Time 2

Time 3

Time 4

Copying
Dictation

Copying
Dictation
Composition

Copying
Dictation
Composition

Dictation
Composition

The following section describes the analysis of longitudinal data anchored on HLS item
location estimates.

7.3 Results
Due to the small final sample size, tests of fit are not reported. However, as indicated
earlier, the patterns of fit were the same as in the larger cross sectional study.

7.3.1 Longitudinal person and item distribution anchored on
HLS item location estimates
The person and item distribution on the same scale are displayed in Figure 7-1. The
range of possible scores was from 0 to 24 at T1 and T4, and from 0 to 36 at T2 and T3.
Based on the persons available for analysis, the display for the range of person locations
was from a minimum score of 2 (2/24) to a maximum score of 20 (20/24), which
correspond in logits to -4.69 and 4.24 respectively.

Figure 7-1. The person-item threshold distribution according to time level.
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The mean handwriting legibility score and standard deviation, expressed in logits, for
each time level is listed in Table 7-4 and illustrated graphically in Figure 7-2. The
successive difference, expressed in logits, between the mean for each time level is also
shown in Table 7-4.
Table 7-4 Mean, standard deviation and successive differences between time levels for
longitudinal data
Mean
2010 April Term 1
2010 September Term 3
2011 April Term 1
2011 September Term 3

T1
T2
T3
T4
Overall
Mean

-1.54
-0.20
1.71
2.05
0.51

Standard Successive
Deviation Differences
1.35
1.37
1.34
1.37
1.91
1.56
0.34
2.03

The rate of increase between T1 and T2 (difference in means=1.34 logits), T2 and T3
(difference in means=1.91 logits), and T3 and T4 (difference in means=0.34 logits)
showed that the most change in handwriting legibility occurs from late Year 1 to the
beginning of Year 2, confirmed by a one-way between groups analysis of variance
conducted between successive time levels. Between T1 and T2, F(3, 126)=8.84,
p<0.001 (eta-squared=0.17); between T2 and T3, F(3,126)=21.14, p<0.001 (etasquared=0.33); and between T3 and T4, F(3, 126)=0.66, p=0.58 (eta-squared=0.015).
The assessment at closer time points between times in Years 1 and 2 than in Study One
show that there is a more rapid increase between T2 and T3 (Term 3 Year 1 to Term 1
Year 2) than between T3 and T4 (Term 1 Year 2 to Term 3 Year 2). The successive
ratios are 1.91/1.34=1.43 and 0.34/1.91=0.18.
These successive ratios and the additional data point in Figure 7-2 highlight the
accelerated growth that occurs between T2 and T3, which was obscured in Study One.
Then, from T3 to T4, the growth plateaus. This effect is consistent with that found in
Study One. The points of acceleration and plateau become relevant to the design of
instruction.
It is not unreasonable to infer that it is during the period of acceleration that most
students transition from learning to handwrite to becoming handwriters. In other words,
from the point of view of handwriting, students now understand how the written
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language system works. By the end of Term 1 in Year 2, these students can now be
expected to evaluate their own handwriting to maintain legibility, aided by judicious
monitoring and feedback regarding aspects of legibility. Continued instruction in other
literacy areas such as spelling and written expression is assumed to occur at the same
time.

Figure 7-2. A graph charting the development of handwriting legibility from the
beginning of Year 1 to end of Year 2 anchored on HLS item locations
Figure 7-2 shows the standard deviation at T4 was a little higher than at the other time
points. Although the greater standard deviation may have substantive significance at the
level of individual growth, there is not enough evidence in these group data to make
such an interpretation. Further research into individual growth patterns is indicated.
The greatest acceleration, from T2 to T3 is consistent with students‟ improvement
arising from the integration of elements around written language. Thus the initial
acceleration, T1 to T2, occurs primarily with specific intervention that is handwriting
instruction. Instruction and practice support the organisation of written language
elements around structures that integrate concepts for handwriting and written
expression. Improvement is a combination of maturation and teaching intervention. The
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effect of this organisation appears as accelerated growth between T2 and T3, which
begins to taper off from T3 to T4. From a dynamic system perspective, further data
points would be necessary to establish when and if handwriting legibility reaches
stability.

7.3.2 The transition phase: Growth and change
By definition, handwriting development is about growth and change. As proposed
earlier, from a dynamic system perspective, handwriting legibility in Year 1 and Year 2,
is the product of written language as structure acquired from birth to school entry
(initial state) with external contingent instruction and internal processes (resources) plus
maturation (time). The period students are learning to handwrite is called a transition
state or phase. A transition phase marks a period of reorganisation, where old patterns
break down and new ones appear before a new level of order emerges. It is postulated
here that during a transition phase, growth and change are strongly influenced by small
effects.
In general, domains of development and learning that contribute to structures for written
language appear to follow some developmental order and coalesce from around the age
of four to seven years so that most children learn to read and write with instruction. It
directly follows that students enter school with different „initial states‟, with two
implications. The first is that before school entry children need varied experiences over
multiple occasions with responsive knowledgeable adults, to engage with, and to
practice in, domains of development that contribute to written language: graphic
behaviours, phonological awareness, oral language, self regulation and sensory motor
development. The second is that when students enter school they need resources to
progress to the next state. Contingent instruction that takes into account cognitive load
may highlight that differentiated instruction is necessary, which should then be provided
sooner rather than later. As proposed, during a transition phase, growth and change are
strongly influenced by small effects. Differentiated, contingent instruction given earlier
is likely to have much stronger effects than if it were to be given tweleve months later.
The research is clear that poor handwriting legibility in young writers is improved by
instruction. The type of instruction depends on the evaluation of handwriting legibility
informed by a theoretical perspective of acquisition and performance.
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7.4 Conclusion
This chapter described the results of the longitudinal study of the Year 1 cohort from the
cross-sectional study. The students provided handwriting samples at four consecutive
data points. To remain in the same frame of reference, their person parameters were
estimated from the same item parameters obtained in Study One. The main hypothesis
for Study Two was supported in that the most improvement occurred in the first year.
The greatest acceleration, from T2 to T3 is consistent with students‟ improvement
arising from the integration of elements around written language. Thus the initial
acceleration, from T1 to T2, occurs primarily with the specific intervention of
handwriting instruction. The acceleration between T2 and T3 has the additional element
of the student themselves understanding and integrating the concept of handwriting.
Study One and Two have provided empirical support for the Handwriting Legibility
Scale as a valid measurement to augment qualitative judgment of handwriting legibility
during the period students are learning to handwrite. At the beginning of the
dissertation, it was proposed that handwriting legibility acts as a proxy to reflect the
dynamic relationship between written language as structure and process. As students
understand how the written language system works and progress to being handwriters,
the dynamic relationships between written language structure and process change, and
organise for the next stage of writing development. If students do not transition well to
the next stage as handwriters by the end of Term 1 in Year 2 then, unless students
receive targeted intervention, they are more likely to experience ongoing difficulty with
handwriting legibility when required to write tasks of substantial cognitive load, for
example, independent composition.
The intent of formal handwriting instruction is legible handwriting that can be read by
the student and other readers. When students are learning to handwrite, handwriting
legibility reflects the integrity of written language as a mental structure. Handwriting
legibility reflects the efficiency of mental processes to access structure, manipulate, and
organise language into print. At first, conscious effort is necessary to understand and
form letters, but over time, as structure is organised, these processes become more
automatic. The following chapter investigates the relationship between handwriting
automaticity and legibility when students are learning to handwrite.
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Chapter Eight: Automaticity and Legibility
The assumption that handwriting will become automatic relatively early in
writers‟ development, freeing up cognitive resources to facilitate composition, is
endemic in policy and practice (Medwell & Wray, 2010, p.199).
In the previous two chapters, evidence was provided to support the proposition that
handwriting tasks of greater intrinsic cognitive load are difficult when students are
learning to handwrite. It was further proposed that based on evaluation of handwriting
performance, inferences could be made about the dynamic relationship between written
language as structure and processes. The literature review made a case for the existence
of written language structures, built over a long period of time, to which students
contribute in early handwriting. In response to the cognitive load of the writing task, the
dynamic relationship between motor, linguistic and cognitive structures and processes
influence handwriting performance. The dynamic relationship between structure and
process segues to a description of cognitive architecture proposed by cognitive load
theory – long term memory (schemata) and working memory. Cognitive load theory is a
theory of information processing, and automaticity is an important concept for
information processing. In the literature, handwriting automaticity is aligned with
composition fluency and quality. In the absence of a measurement of legibility for
students learning to handwrite, no investigation into the relationship between
automaticity and legibility has been reported in the research literature.
This chapter presents Study Three, which investigated the relationship between
automaticity and legibility in the writing of students who are learning to handwrite.
Study Three was conducted with the Year 1 cohort of the longitudinal study. The study
was conducted in two phases. Phase One, which was conducted in 2010, explored the
relationship between automaticity, using the alphabet task, and legibility, using the
Handwriting Legibility Scale (HLS). Phase Two examined changes in letter formations
during the alphabet task and was conducted from 2010 to 2011. In order to be
consistent, comparisons between the two administrations of the alphabet task will be
denoted as AT-10 and AT-11. Phase One was an exploratory study to investigate
whether a relationship between automaticity and legibility exists for Year 1 students.
Phase Two set out to examine two hypotheses: (i) an increase in automaticity from Year
1 (AT-10) to Year 2 (AT-11) will be evident, and; (ii) formation errors will decrease
from Year 1 (AT-10) to Year 2 (AT-11).
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The literature review in Chapter Three set the scene for the primary focus of the present
research, described in the two previous chapters; that is, the measurement of
handwriting legibility during the period students are learning to handwrite. Chapter
Three did not expand on the literature relating to handwriting automaticity. To orient
the reader, this chapter begins with a brief literature review of this area before
describing Study Three.

8.1 Introduction to handwriting automaticity
Despite the centrality of automaticity to information processing theory, there is no
consensus as to what automaticity means (Moors & De Houwer, 2006). Early
frameworks examined whether competing processes for attention occur before the task,
or during task (attributed to Broadbent, 1958 and Deutsch & Deutsch, 1963
respectively). The limitations of cognitive and attentional processes were necessarily
thought to involve selecting what to attend to; therefore, automaticity was considered
necessary for skill development (attributed to Allport, 1989, 1993). Fundamental to the
concept of automaticity is practice, which over time reduces the competing demands for
attention. Different models of information processing have placed emphases on
different features of automaticity (Moors & De Houwer, 2006).
According to the single capacity model of information processing, attention is not a
fixed structure but, rather, a flexible and variable source that can be allocated to
different stages of processing (Moors & De Houwer, 2006). In the case of handwriting,
students devote considerable attention to learn how to form their letters, where to place
letters, and determine letter size and distance from other letters (Graham et al., 2006). It
is hypothesised that if this skill is „automatic‟, then there is capacity for attentional
resources to be diverted elsewhere, such as text generation. The capacity view of
automaticity underpins much of what is understood about handwriting automaticity in
the literature (McCutchen, 1996; Medwell & Wray, 2010). Automaticity refers
specifically to handwriting as a lower-order skill that frees higher order cognitive
processes for written expression (McCutchen, 1988). Handwriting is said to be
automatic when it is legible, fast, and effortless (Graham et al., 2006).
Handwriting automaticity, hereafter referred to as automaticity, is tested by the
administration of the alphabet task (AT) in the extant literature (Berninger et al., 1997;
Jones & Christensen, 1999). In the AT, students are required to write out the letters of
196

the alphabet in lower case, in order, and without a referent, within a specified time
frame. The rationale is that writing out the letters of the alphabet is an unpractised task
and therefore more likely to tap into automatic responses (Berninger et al., 1997). The
terms orthographic fluency (Berninger & Fuller, 1992), visual-motor integration of
orthographic stimuli (Berninger et al., 1992) and orthographic-motor integration
(Brooks, Vaughan, & Berninger, 1999; Jones & Christensen, 1999) have been used
synonymously with automaticity. Because the terms are used somewhat
interchangeably, it is useful to clarify how the terms have been defined elsewhere.
Orthographic coding refers to transforming alphabet letters into mental representations,
which are hierarchical in nature (Berninger, 1994); for example, from individual letters
to clusters and words. Orthographic fluency refers to the speed with which these mental
representations of alphabet letters can be retrieved, similar to rapid automatic naming
procedures (Berninger et al., 1992). Orthographic-motor integration refers to an ability
to integrate these mental representations with motor plans (Berninger & Fuller, 1992).
The AT is a test for orthographic motor integration, from which a level of automaticity
is inferred. In this way, the assessment of performance on the AT may be said to be a
proxy for automaticity.

8.2 The role of the alphabet task (AT) in handwriting
research
Automaticity of transcription is a multidimensional concept. It depends on
accuracy and preciseness of representations of letter forms in memory, on
access to and retrieval of those representations, and on access to already
constructed motor plan for producing written letters on the graphomotor
channel (Berninger et al., 1997, p. 663).
Earlier studies aimed at examining developmental changes in written expression drew
on information processing theory to provide a framework for diagnosing writing
problems. Initially, the AT was devised to examine the relationship between retrieval
speed and handwriting errors for copying letters (Berninger & Alsdorf, 1989). North
American students (n=45) at the end of Grade 1 (mean age 7 years) were asked to write
the alphabet in lower case manuscript letters from memory, within a 60 second time
limit. Errors for the AT task were listed as omissions of a letter, case confusions
(substituting upper case letter), sequencing (letter out of order), reversals (letter pointing
left instead of right or vice versa), and incorrectly formed letters termed substitutions
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(Berninger & Alsdorf, 1989, p. 213). The AT showed a significant positive relationship
with copying four types of letter stimuli (phonically regular, phonically irregular, letter
strings such as tfl, and nonsense words) presented for six seconds on a computer screen
(r=.44, p<0.05). Higher scores on the AT were related to being able to handwrite
individual or clusters of letters (words) that were briefly presented. Further investigation
into writing problems led to the model of multiple constraints on writing development
(Berninger et al., 1991), which is described below.

8.2.1 Model of multiple constraints on written expression
Berninger, Mizokawa, and Bragg (1991) proposed a model of multiple constraints on
written expression, a theoretical framework that proposed that students in Grade 1-3
were most at risk for writing disability due to neuropsychological constraints, students
in Grade 4-6 were most at risk due to linguistic constraints, and students in Grade 7 and
beyond were most at risk for writing disability due to cognitive constraints (Berninger et
al., 1991). The model was later modified to clarify that neuropsychological, linguistic
and cognitive constraints operate at all stages of writing development, but the relative
weighting of each level of constraint changes across development. Neuropsychological
constraints were thought to be more influential in primary grades, linguistic constraints
more influential in the intermediate grades and cognitive constraints more influential in
the higher grades (Abbott & Berninger, 1993, p. 480).
Berninger and colleagues proposed that the “speed of integrating letter forms in memory
with motor production may index the degree to which visual-motor integration for
orthographic stimuli is automatised, thus freeing attentional capacity for higher-level
processes involved in writing” (Berninger et al., 1992, p. 258). In order to investigate
constraints on written expression, students from Grade 1-3 (n=300) were recruited.
Participants were divided into an equal number of boys and girls for the first, second,
and third grade. Students were individually administered a number of tests, among them
narrative composition, copying, spelling, a finger-thumb sequencing task, and the AT.
As students handwrote the alphabet (AT), a researcher made red slashes every 15
seconds. This time, only the first 15 seconds was used for data analysis (M=4.55,
SD=1.95). Words accurately copied from a short paragraph for 90 seconds provided the
handwriting score. Omissions, additional strokes, reversals, substitutions, transpositions
(letters in the incorrect sequence), and capital letters were considered AT errors - what
constitutes an error in the AT is reported slightly differently over different studies
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(Abbott & Berninger, 1993; Berninger & Alsdorf, 1989; Jones & Christensen, 1999).
Based on group data for first, second, and third grade students, a significant positive
relationship was found between the AT and copying, scored by the number of words
copied accurately (r=0.76, p<0.001). Performance on the AT was also positively
correlated with composition fluency (r=0.60, p<0.001) and number of clauses (r=0.55,
p<0.001) obtained in the composition narrative. Composition fluency was defined as the
number of words produced (Berninger et al., 1992).
Structural equation modelling was applied to these research findings to explicate latent
variables for causal mechanisms in writing development (Abbott & Berninger, 1993).
The AT contributed unique variance to handwriting, spelling, compositional fluency
and composition quality for students in Grade 1-3. Of interest is that speed on the AT
was a better indicator for handwriting and composition than was the total accuracy score
determined by lack of formation errors. Low retrieval speeds on the AT were regarded
as indicative of poor automaticity, a neuropsychological constraint on writing
development for beginner writers. Other constraints were fine motor ability, although
the influence was indirect and orthographic coding. The constraints model suggested
that if students could not independently and quickly recall the letters of the alphabet,
then written expression would be constrained.
Evidence that handwriting constrains written expression for beginning writers
accumulated with ongoing research (Berninger & Swanson, 1994). The theoretical
framework for learning to write was extended to view writing as made up of multiple
component processes with lower levels of production (handwriting, spelling) and higher
levels of production (planning, organising, generating, and reviewing text) (Berninger et
al., 1997). Different instruction protocols for „at risk‟ students were developed to
automatise lower level processes (handwriting) to free working memory for higher level
text generation (p. 652). The most successful handwriting instruction, based on
comparing pre- and post-test scores, was the use of arrows to indicate directionality for
letters, combined with writing out letters from memory (Berninger et al., 1997). The
most successful methods to „automatise‟ handwriting other words were obtained by
teaching students to form letters correctly and practising independent recall.

8.2.2 Orthographic motor integration
In Australia, a replication study to investigate the relationship between speeded retrieval
of letter forms and composition was undertaken (Jones & Christensen, 1999). The
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researchers defined the focus of their study as students‟ integration of orthographic
information and motor action – orthographic motor integration. The students (n=114) in
Grade 1, but in their second year of schooling (M, 6.8 years; SD, 4.1 months), were
administered the AT in their classroom, with a 60 seconds time limit, at the end of Term
1, which was in April. Students recited the alphabet sequence prior to writing the AT. If
students completed lowercase letters before the time limit of 60 seconds, they were
advised to continue with uppercase letters. The AT was scored for number and accuracy
of letters; letters that showed omissions, reversals, transpositions and substitutions did
not contribute to the score. There were no penalties for incorrectly placed ascender and
descender letters as the AT was performed on unlined paper. The AT accounted for
67% of the variance in the quality of written compositions based on four criteria;
coherent ideas, spelling and grammar, syntax, and fluency (criteria not further
elaborated). To ensure that handwriting presentation did not influence the markers‟
evaluation, the written compositions were read out aloud.
In April, Grade 1 students were assigned to five categories based on how many letters
were produced in the AT: poor (< 8), low average (9-14), average (15-24), good (2530), very good (>30). Those students with low average or poor AT scores (n=38) were
assigned to an intervention group with matched controls. Intervention students received
additional handwriting instruction for approximately 10 minutes per day for 8 weeks. In
October (the end of Term 3), both intervention and control students were readministered
the AT and composition task. The intervention group improved significantly post-test;
no differences between the control and intervention group were found. The study
provided further evidence that handwriting instruction and practice improves
automaticity in orthographic motor integration; explicit handwriting instruction helped
to „automatise‟ handwriting. Legibility was not assessed as part of the study as the
emphasis was on speeded retrieval (Jones & Christensen, 1999).
Handwriting style and neatness, examined in UK national testing, raised questions about
whether or not more attention should be paid to speeded retrieval of letter forms
(Medwell et al., 2007). The studies in Australia and the USA suggested a relationship
between orthographic motor integration and composition, from which levels of
automaticity could be inferred. Low levels of automaticity indicated handwriting
difficulty. To investigate if the findings could be generalised in the British context,
students from four primary schools (n=186) were administered the statutory Key Stage
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1 (KS1) assessment at the end of Year 2 (M, 7.6 years) (Medwell et al., 2007). They
were also required to write two compositions that were assessed on 30-point criteria for
composition, and the AT in 60 seconds (M, 16.7; SD, 9.4). Significant positive
correlations were found between the AT and composition, the AT explaining 34% of
the variance. There was a gender bias with boys performing less well than girls on all
measures, including the AT. The gender bias for the AT has been reported elsewhere
(Berninger & Fuller, 1992; Jones & Christensen, 1999). A significant positive
correlation between the AT and handwriting style and neatness (score 1-3 marks) was
also found (r=.427), explaining 18% of the variance. However, logistic regression of the
AT against the probability of achieving Level 2B or above on the KS1, showed
considerable variability for writing scores at the lower end of the AT; that is, some
students scored writing much higher than expected on composition, despite low AT
scores (Medwell et al., 2007).
There is research support that a positive relationship exists between levels of
automaticity, as determined by the AT, and composition quality and fluency. For Year 1
students the AT counts range from AT-15 seconds (M, 4.55; SD, 1.95) (Abbott &
Berninger, 1993) to AT-60 seconds (M, 17.86; SD, 5.79) (Jones & Christensen, 1999).
Positive correlations established between the AT and composition quality in Year 1,
Year 2 and Year 6 students explain 64%, 36% and 21.5%, of the variance respectively
(Jones & Christensen, 1999; Medwell et al., 2007, 2009). The decreasing variance is of
interest as the AT explains more of the variance in composition for younger students
than for older students. Any proficiency in handwriting for younger students appears to
have a positive effect on composition.

8.2.3 Revisiting legibility before automaticity
Previous research established a relationship between levels of automaticity and
composition for Grade 1-3 students (Berninger et al., 1992; Jones & Christensen, 1999).
However, as the goal for handwriting automaticity is legible handwriting that is fast and
effortless, Graham and colleagues (2006) redirected attention to legibility before
attention was concentrated on automaticity. To investigate processes contributing to
legibility, students in Grade 1 (n=50) and 2 (n=50) completed three writing tasks: the
AT, near point copying, and composition. Each task was scored on dimensions of
legibility to categorise poor and good handwriters. The dimensions were spacing
between words and letters within words, alignment (letter placement on lines), letter
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height, letter slant, reversal, added strokes, missing strokes and missing letters (Graham
et al., 2006).
Based on their results, Graham and colleagues proposed a partial model of handwriting
for beginning handwriters that involved the following stages: accessing the motor
program, deciding where to place the letter on the page, and determining letter size
(Graham et al., 2006). Previous stage production models of handwriting (Ellis, 1982;
van Galen, 1991) informed their partial model of handwriting. The handwriting
dimensions were analysed using hierarchical logistic regression for copying and for
composition. The first stage of the model, compromised or incomplete motor programs,
predicted students‟ status as poor or good handwiters, but entering the three stages into
the model, correctly classified students with 96% and 91% accuracy for copying and
composing respectively (Graham et al., 2006). Although it was noted that there were
more formation errors in the AT than for copying and composition, the relationship
between legibility and automaticity was not examined.

8.2.4 Revisiting the motor program: Automaticity versus
legibility
The work of Medwell and Wray (2007) attracted the attention of graphonomic
researchers, who investigate handwriting from a movement perspective (Tucha, Tucha,
& Lange, 2008). In graphonomic research, handwriting is understood as a process
characterised by spatial and kinematic parameters related to velocity, duration and
acceleration of strokes made during handwriting on digitised tablets. Smooth strokes are
fluent stokes. Automaticity is inferred from movement fluency as these strokes are
performed with maximum motor efficiency (p. 146). It is argued that such velocity
profiles provide evidence of simple motor programs that are retrieved without conscious
effort (Tucha et al., 2008, p. 168). In this regard, automaticity is synonymous with
motor programs that are fast, efficient and operate primarily under feed forward control;
that is, prior to movement onset (Summers & Anson, 2009).
In the graphonomic research reviewed by Tucha and colleagues, dysfluent velocity
profiles were evoked by attentional control diverted to unpractised handwriting styles
(for examples, using left hand for right handers) while writing letter combinations „ll‟ .
Dysfluent velocity profiles were also apparent for practised handwriters who diverted
attention to handwriting neatness. Based on this evidence, more consideration to fluent
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(automatic) production of strokes, letters and words was encouraged, but
overemphasising writing style and neatness was to be discouraged (Tucha et al., 2008).
Kinematic analysis provides support for motor programs that can be executed smoothly
and without apparent conscious effort. However, automatic handwriting for letter
combinations„ll‟ that has low cognitive load, is not directly comparable to writing tasks
in the classroom with higher cognitive load.
It will be recalled that the psycholinguistic model of handwriting also used kinematic
analysis but with another parameter of dysfluency, duration of strokes. Longer
movement durations occurred at syllable boundaries for students in Grade 4 (Kandel et
al., 2011). In Grade 4, some handwriting automaticity may be expected; yet, under
cognitive load, dysfluencies emerge. Such evidence suggests automaticity in
handwriting research may need to be interpreted contextually and dynamically
(interactions between person, task, environment), rather than as a discrete unchanging
entity. This view was signalled by Medwell et al. (2009) following a study with UK
students in Year 6 examining the relationship between automaticity and composition.
According to the researchers, as students develop as writers and write more
sophisticated text, it may be that there are other issues beyond the variance between the
AT and composition scores that account for written expression proficiency (Medwell et
al., 2009, p. 335). For example, students may require additional support with spelling
and/or with text conventions.

8.2.5 Automaticity and legibility for students learning to
handwrite
The lack of consensus about where to focus instruction when students are learning to
handwrite, whether to automaticity or legibility, appears to be confounded by how
automaticity and legibility are conceived. Legibility appears to be more about correct
letter formations, but automaticity appears to be more about speeded retrieval of correct
letter formations. Legibility is usually concerned with the readability of extended texts,
but automaticity is inferred from speeded retrieval of letters unencumbered with the
cognitive load of extended text.
Given that a measure of handwriting legibility is available (HLS), it is possible to
examine whether there is a relationship between automaticity (using the proxy AT) and
legibility for Year 1 students learning to handwrite.
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8.3 Study Three
Study Three (Phase One) set out to examine if automaticity, as tested by the AT, is
positively related to handwriting legibility when students are learning to handwrite.
Given the discrepancy in the literature about administration times for the AT, 15 or 60
seconds, a decision was made to stop students at 15 seconds, mark their papers, and
then to let them continue to write the alphabet for a further 45 seconds. It was thought
that 15 seconds would be adequate to establish automaticity as presented by Berninger
and colleagues, but that 60 seconds would provide additional information about letter
formation. Students were not advised to continue by writing uppercase letters when they
completed all lowercase letters and this is a limitation of the study. However, only 14%
of the Year 1 cohort completed all 26 lowercase letters in Term 2, Year 1.

8.4 Phase One
The AT was administered to the Year 1 cohort of the longitudinal study. It will be
recalled that for the longitudinal study, students were assessed in April and September;
the AT was administered in June. Table 8-1 shows administration times of the different
writing tasks. The handwriting test, which included copying, dictation, and composition,
was administered in Term 3 (September 2010). To orient the reader, Term 3 in
September 2010 is the same as Time 2 in the longitudinal Study Two. The alphabet task
and the handwriting test were not administered concurrently, but higher levels of
automaticity in Term 2 could be expected to positively contribute to higher levels of
legibility in Term 3.
Table 8-1 Time of administration of the handwriting tests and the alphabet task (AT)
TEST A
2010 April Term 1
2010 June Term 2
2010 September Term 3

T1

2011 April Term 1
2011 June Term 2
2011 September Term 3

T3

AT

TEST B

X
X

T2

X
X
X

T4

X
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8.4.1 Method
8.4.1.1 Participants
The participants were the Year 1 students, aged 5.9 to 7.0 years (M, 6.3 years; SD, 4
months) and recruited to Study One and Two. Ethics clearance and the recruitment
procedure are described in Chapter Five. The same participants who contributed to the
longitudinal study, Study Two (n=65), contributed to the current Study Three. However,
of those 65 participants, eight students were absent for the AT in June, leaving 58
students for data analysis. According to teacher report, no student was in receipt of
special education services. The breakdown according to gender, funding, and
handedness is shown in Table 8-2.
Table 8-2 Descriptive detail of participants
Girl

Government
Private
Total

Right
hand
15
14
29

Boy
Left
hand
1
0
1

Right
hand
17
9
26

Total
Left
hand
0
2
2

33
25
58

8.4.1.2 Materials
The handwriting samples used in this study were that of Test B in Term 3 and the AT10 in Term 2. Test B was administered three months after the alphabet task. The AT-10
and handwriting samples were written on standard primary paper (18mm), and students
used their own pencils.

8.4.1.3 Procedure
A letter detailing the purpose and requirements for the AT was sent to Year 1 teachers at
the beginning of Term 1 in 2010, with a date and time for the researcher to visit their
school. Times were confirmed by email or follow-up telephone calls. All teachers had
prepared their classrooms to commence the AT at the agreed time. To ensure minimum
disruption for the classroom and to facilitate administration and collection, the whole
class was administered the AT. Once the coding of participant samples was completed,
the samples of non-participant students were shredded.
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The standard procedure for administering the AT cited in the literature is to remove any
evidence of alphabet letters in the room. It was originally the intention that all alphabet
letters in the classroom would be covered with butcher‟s paper, however this proved to
be impractical in the „print rich‟ environment of the Year 1 classroom. If students had a
copy of the alphabet letters on their desks, they were removed or turned over to face
down. Students were instructed to bring out their printing pencils and wait for
instructions. Paper was placed on the desk by the researcher and/or teacher. Students
were advised that they would be writing the letters of the alphabet in order and in lower
case. The researcher checked that students understood what was meant by lower case
letters, and writing the alphabet „in order‟. Explanations for lower case letters included
“little letters”, “letters in the middle of the words”, and “small letters”. Any satisfactory
explanation was reinforced. The students were instructed they would be writing for 15
seconds and to keep writing until they were told to stop. If they made a mistake, they
were to cross it out and not to use erasers. After 15 seconds, the teachers would mark
their paper and then they would be asked to continue writing the alphabet for another 45
seconds until they were told to stop.
The researcher held the stop watch, said, “Go, start writing now”, and pressed the
stopwatch. It was noted that many students subvocalised the sequence of the alphabet as
they were handwriting and some referred to alphabet letters displayed in the room. No
attempts were made to prevent these occurrences. At 15 seconds, students were
instructed to, “Stop, hands on head”. The researcher or teacher quickly marked a line
behind the last letter written with a pen. The students remained with their hands on their
heads during this time. Upon completion of marking a line behind the letters at 15
seconds, the students were instructed to finish the alphabet and were timed by the
stopwatch for an additional 45 seconds. After 45 seconds, they were told to, “Stop,
hands on head”. All students complied; they were then instructed to write their names at
the bottom of the page. A few students were noted to quickly finish writing their
alphabet whilst the papers were collected. Once all papers were collected, students were
thanked for their cooperation and good work. The entire administration and collection
took about five minutes. The completed forms were placed in a prepared envelope
clearly marked with the name of the teacher and the school to assist with coding. The
AT was administered at all participating schools over a two week period.
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All samples were scored in the same way. One score was awarded for each letter
correctly formed and in the correct alphabetical order, at 15 seconds and at 60 seconds.
In the current study the following were considered errors: omissions, incorrect letter
formation, incorrect letter sequence, and substituted capitals. Incorrect letter formations
included: (i) additional strokes, (ii) misplaced ascender/descender letters, (iii) any
overwriting including correcting a letter, and (iv) poor letter closure. All corrections
were counted as errors. If the handwriting script was „ball and stick‟ print instead of
Victorian Modern Cursive script, students were not penalised for lack of entry and exit
strokes. The number of correctly formed letters in 15 seconds, in 60 seconds, and the
type of error made for each of the letters were recorded. Then a count of all letters
attempted was recorded separately. Table 8-3 lists the code use to depict the various
errors recorded.
Table 8-3 Error codes for lower case letters in the alphabet test
Error types

Code

Letter formation OW
R
AS
IN

Substitution
Transposition
Omission

AD
SC
WO
/

Description
overwriting
reversal
additional stroke(s)
incomplete letters (not closed correctly), incorrect letter
formation, descender tails demonstrate incomplete
loops
ascender/descender letters incorrectly placed
substituted capitals
wrong order
omission

Data were analysed using Microsoft Office Excel 2007.

8.4.2 Results
8.4.2.1 Descriptive statistics
Data were available for three variables (AT-10 count at 15 seconds, AT-10 count at 60
seconds, proficiency estimates for legibility expressed in logits at Time 2). Descriptive
statistics are shown in Table 8-4. The mean at 60 seconds (M, 14.9; SD, 6.9) in the
current study is less than reported in the literature. As mentioned, students were not
advised to continue writing the alphabet in upper case once they had completed lower
case and this may have contributed to the reduced mean at 60 seconds. However, the
mean 15 seconds (M, 4.6; SD, 2.4) is comparable to that previously reported in the
literature.
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Table 8-4 Descriptive statistics for study variables

AT-10 at 15s
AT-10 at 60s
Legibility (logits)

Min

Max

Mean

Std Dev

0
0
-3.3

12
26
2.0

4.6
14.9
-0.3

2.4
6.9
1.3

8.4.2.2 The relationship between AT and handwriting legibility
The scatterplot in Figure 8-1shows there is no relationship between the AT-10 and
legibility at either 15 or 60 seconds: T2 and AT-10 at 15, r=0.04; T2 and AT-11 at 60,
r=0.09.
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Figure 8-1. Scatterplots for legibility and AT-10 at 15 and 60 seconds
The lack of any relationship was unexpected, given that a positive relationship between
the AT and handwriting neatness had been found for Year 2 students in the UK. Not
unlike the performance comparing the AT and composition for UK Year 2 students, the
Year 1 cohort also demonstrated intra-variable performance. Some students with low
legibility had high counts on the AT, and other students with high legibility had low
counts on the AT.
One reason for the lack of any relationship may be due to the nature of variables for
analysis. The AT may be too narrow to be relevant for the tasks involved in the HLS,
which demanded greater cognitive load. Automaticity is inferred from the rapid retrieval
of correctly formed letters (orthographic motor integration) with no reference to context
in writing. In contrast, the HLS measures legibility in the context of writing tasks with
varying cognitive load.
For completeness, scatter plots for the AT-11 in April 2011 and legibility at T4 in
September 2011 were also generated, but with similar results: T4 and AT-11 at 15s,
r=0.10; T4 and AT-11 at 60s, r=0.12. The slight increase in the correlation coefficient
over time suggests that a relationship between automatic retrieval of correctly formed
letters and legible handwriting during tasks of varying cognitive load is more likely to
be detected as proficiency for both variables increase.
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8.4.2.3 Gender differences in the AT
The mean difference in AT scores between boys (n=28) and girls (n=30) at 15 seconds
was small; girls (M, 4.9; SD, 2.3) and boys (M, 4.3; SD, 2.6). At 60 seconds, girls on
average wrote three more letters; girls (M, 16.3; SD, 6.4) and boys (M, 13.5; SD, 6.5).
This finding lends support for testing the AT over 60 seconds rather than 15 seconds for
students in Year 1.

8.4.3 Outcome of Phase One
Because no relationship was found between automaticity and legibility as assessed by
the HLS during the period students are learning to handwrite, the speeded retrieval of
alphabet letters in a decontextualised task appears to be too narrow to explain how
students manage cognitive load in different writing tasks. The dependent variable HLS
retrieves letter forms during writing tasks of varying cognitive load, whereas the AT
retrieves alphabet letters during a decontextualised task. The lack of relationship
supports the need to examine the contribution of handwriting to written expression
beyond the AT in Year 1 and 2.
On the other hand, correct letter formation is common to notions of both automaticity
and legibility. How these apparent contradictions may be understood conceptually is
described later in the chapter.
Phase Two compared AT scores and describes the change in letter formation errors in
the AT-10 and AT-11 for the Year 1 cohort who graduated to Year 2. The type of errors
associated with different letters over time was of interest. Overall, formation errors went
from incorrect to incomplete. Incomplete letters may be due to carelessness and lack of
interest to maintain handwriting legibility. Incorrect and incomplete errors both impact
handwriting legibility, but might require differentiated intervention.

8.5 Phase Two
The focus of Phase Two was to compare progress in automaticity on the AT and to
analyse letter formation errors.
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8.5.1 Method
8.5.1.1 Participants
Participant recruitment is described in Chapter Five. In Phase Two, the Year 1 students
who completed the AT on both occasions, in 2010 and 2011, were included in data
analysis (n=171).

8.5.1.2 Procedure
The procedure for administering the AT-10 and AT-11 was the same as described in
Phase One. At AT-11 students in some classrooms asked if they had to write neatly or
fast, suggesting they understood there was a difference. Students were informed to do
their best. As previously, students were not advised to continue writing the alphabet in
2011; instead, they stopped writing when they had completed all 26 lowercase alphabet
letters. The same scoring regime as in Phase One was adopted. One score was awarded
for each letter correctly formed and in correct alphabetical order. The relationship
between the AT-11 and handwriting legibility was not investigated.

8.5.2 Results
8.5.2.1 Change in count for letters recorded at AT-10 and AT-11
The average number of letters independently recalled, correctly formed and sequenced
at 15 seconds improved from mid-Year 1 (M, 4.6; SD, 2.4) to mid-Year 2 (M, 8.5; SD,
3.7). Letters independently recalled, correctly formed and sequenced at 60 seconds
improved from mid-Year 1 (M, 14.9; SD, 6.9) to mid-Year 2 (M, 20.4; SD, 5.6).
In order to gain an insight into students‟ knowledge of the alphabet sequence and speed
of retrieval, a count of letters completed in sequence in 60 seconds, discounting
formation errors, was compared from 2010 to 2011. The reason for this diversion is
that previous studies have found speed on the AT a better indicator for composition than
the total accuracy score determined by lack of formation errors. In other words, the
number of letter recalled was more informative than whether or not letters were
correctly formed.
When errors were discounted, the percentage of students who wrote all 26 letters of the
alphabet within 60 seconds improved markedly from mid-Year 1 to the following midYear 2. Expressed as a percentage, 14% of the students at AT-2010 and 64% of the
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students at AT-11 completed the 26 letters of the alphabet. Given this very lenient
interpretation of AT proficiency, the finding raises questions about whether knowledge
of the alphabet sequence itself, can be assumed for all students completing the AT.
Table 8-5 compares the cumulative percentage of students to complete the alphabet
discounting errors, in 2010 and 2011.
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Table 8-5 Cumulative percentage of students to achieve nominated alphabet letters
handwritten in 60 seconds when errors were discounted

Letter
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Alphabet AT-10
letter
60s
a
100
b
99
c
d
98
e
97
f
95
g
89
h
84
i
82
j
78
k
76
l
71
m
67
n
60
o
55
p
51
q
43
r
39
s
35
t
31
u
30
v
23
w
19
x
17
y
16
z
14

AT-11
60s
100

99
98
97
96
95
94
93
89
86
85
84
81
79
76
71
68
64
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8.5.2.2 Changes in letter formation errors at AT-10 and AT-11
As indicated in Phase One, there were a number of errors that could be assigned to letter
formations (see Table 8-2). Each letter was subject to each criterion for the range of
errors. Each error type according to letter was converted to a percentage based on the
total number of errors for that error type. This approach was taken because: (a) not all
letters were completed by all students; (b) the same students made many errors across
the range of letters; and (c) the same letter attracted different types of error.
The bar graphs in Figure 8-2 indicate a change for Year 1 cohort from AT-10 to AT-11
in reversals and substituted capitals for lower case. The totals from which these displays
were derived are listed in Appendix W. The number of substituted capital letters was
reduced from AT-10 to AT-11. The letter „p‟ or „p‟ may be over-represented because
the letter formation is the same for lower and capital case in ball and stick print; it is
distinguished only by its placement. Interestingly, the letter „q‟ increased as a
substituted capital case, but this may be because most students did not get to handwrite
„q‟ in AT-10.
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Figure 8-2. Bar graphs comparing letter reversals and substituted capitals letters in AT10 and AT-11
Additional strokes. At AT-10 a number of letters showed additional strokes. Additional
strokes are not uncommon when students are learning to handwrite. For example, a
student may start to write „h‟ but it looks more like an „n‟, students then remember that
„h‟ is a ascender letter so they extend the line. Figure 8-3 illustrates additional strokes
for letters „a‟, „n‟, „g‟, „h‟. See Appendix X for more examples.

(a)

(n)

(h)
(g)

Figure 8-3. Examples of additional strokes for letters „a‟,‟n‟,‟g, „h‟
Incomplete letters. By AT-11, there were many less additional strokes but many more
incomplete letters. For example, a number of descender letters had incomplete loops.
Letters such as „a,d,g’ showed poor closure at the commencement of the letter so that „a’
might look like a „u‟ or „g‟ like a „y‟. Figure 8-4 shows some examples of incomplete
letters. See Appendix Y for more examples.
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(g)

(a)
(y)

Figure 8-4. Examples of incomplete letters for „g‟, „y‟, „a‟ at AT-11
Incomplete letters may be the result of carelessness or lack of interest, as the gestalt of
the letter was evident. These results reinforce that monitoring and/or self evaluation
remains important for handwriting legibility, even after letter formations have been
mastered to some degree. Figure 8-5 shows bar graphs to compare the decrease in
additional strokes and the increase in incomplete strokes, over time.
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Figure 8-5. Bar graphs comparing additional strokes and incomplete letters in AT-10 to
AT-11
Students at AT-11 were more likely to correct their letters by writing over them again.
Writing over letters to correct them may indicate that students are aware of the errors
they are making. Self evaluation of handwriting may be viewed as a positive strategy to
improve handwriting when students are learning to handwrite. On the other hand, it may
also indicate poorly consolidated motor plans and therefore reflect poor automaticity.
Ascender/descender letters. In contrast to cited studies, incorrect placement of ascender
and descender letters was included because the AT was performed on lined paper.
Incorrectly placed descender letters in order of occurrence at AT-10 were „j,g,p,q,y’; by
AT-11 this was largely resolved except for „j‟ that showed around 12% of students
continued to place „j‟ on the line. The similarity of lower „j‟ and upper case „J‟ may be a
contributing factor because ‘j’/’J’ shape are distinguished only their placement on the
line and letters with less distinctive features take longer to master. Ascender letters
tended to be corrected by additional strokes; descender letters were incorrect if they
were placed above the line. The similarity of lower and upper case „j‟ and „p‟ may
increase cognitive load as students have to direct attention to deciding whether to use
one over the other.
The letter „d, d‟ is a relatively frequent letter and showed the most variation compared
other letters in its deviation from conventional letter formation at AT-10, which
suggests that the letter „d‟ has high cognitive load demands. The letter „d‟ is an ascender
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letter but starts mid-line and retraces the ascender stroke to descend on the line. Figure
8-6 illustrates four examples of the letter „d‟ obtained from AT-11. Example three may
be due to prolonged or unmonitored tracing practice as this has been observed
anecdotally.

1

2
4
3

Figure 8-6. Handwritten „d‟ at AT-11

8.5.3 Outcome of Phase Two
Automaticity improved from mid-Year 1 to mid-Year 2. Therefore, the first hypothesis
that automaticity would increase from Year 1 to Year 2 is supported.
Interestingly, when letter formation errors were discounted, around 65% of students
were able to independently recall sequentially ordered lower case alphabet letters in 60
seconds by mid-Year 2. In addition to requiring orthographic motor integration of
individual letters to perform the AT, students need to know the alphabet sequence. This
very lenient interpretation of AT proficiency raises some questions around the
assumption that all students know their alphabet sequence when required to write the
AT.
The second hypothesis, regarding letter formation errors, is only partially supported.
While formation errors decreased overall, errors remained, but the nature of the error
changed. Common errors in Year 1 were reversals, additional strokes, substituted
capital letters and incorrectly formed letters. In the following Year 2, most students no
longer reversed letters, substituted capital letters or used additional strokes when
forming letters. Instead, errors were incomplete formations of the letter, which made
some letters appear ambiguous.
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8.6 Discussion
The primary purpose of Study Three (Phase One) was to investigate the relationship
between automaticity and legibility in Year 1 students. The AT-10 as a proxy for
automaticity was administered in June and the handwriting tests for legibility was
administered three months later, but a relationship between automaticity and legibility
was not found. The small sample size (n=58) may have been a contributing factor to the
inconclusive result. The speeded retrieval of alphabet letters as a decontextualised task
appears insufficient to explain handwriting legibility, during a combination of writing
tasks of varying cognitive load, three months later. For completeness, the same analysis
was repeated twelve months later, when the Year 1 cohort had graduated to Year 2, but
similar results were obtained.
The secondary purpose, conducted in Phase Two, was to compare automaticity and
examine letter formation errors on the AT-10 for Year 1 students (n=171) as they
progressed to Year 2 (AT-11). The finding was that automaticity improved over time,
and errors appear to slide from incorrect letter formations in Year 1 to incomplete letter
formations by Year 2.
The implications of these findings are now discussed.

8.6.1 Legibility and automaticity in Year 1 and 2: Same or
different?
The apparent contradictions highlighted at the end of Phase One will now be revisited.
To disentangle the relationship between automaticity and legibility in Years 1 and 2,
basic assumptions related to the test, the construct, and inferences are restated. They are
summarised in Table 8-6.
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Table 8-6 The test, construct, and inference for legibility and automaticity in Years 1 &
2
Test
Handwriting
Legibility

Construct

Three writing
Cognitive
tasks of increasing Load
complexity (HLS) (intrinsic)

Inference
Integrity of dynamic
relationship between
written language as
structure and process

Handwriting The alphabet task Orthographic
Automatic (speeded)
Automaticity (AT)
motor
retrieval and correct
(lower case
integration
reproduction of
letters, in order,
individual letters
within a time
limit)
Automatic retrieval is not possible if orthographic motor integration has not taken place.
Orthographic motor integration may be said to be an element of written language
structure at the level of individual letter where mental representation for the letter and
the motor plan to motorically reproduce it, are integrated. In cognitive load theoryan
element is anything that needs to be learned or processed (Sweller et al., 2011, p. 65). It
will be recalled that in the HLS, relative local independence among items was
established. This means that letter formation under the copying condition is a different
item from letter formation under the dictation condition, which is a different item from
letter formation under the composition condition. In effect, each item of legibility may
be viewed as a separate element with which students must interact to learn to handwrite.
Over time, with instruction and practice these elements become organised into
structures, which themselves then act as elements within larger structures or schemata
organised around written language (Sweller et al., 2011). Learning to maintain legibility
across writing tasks is more efficient through integrated and organised structures than
learning through many separate elements for written language, processed as
independent elements (Sweller et al., 2011). Figure 8-7 shows how these relationships
may be understood conceptually. For example, when students are instructed to copy
text, elements such as orthographic motor integration, concepts of words/sentence and
aspects of legibility must interact and be processed in real time. If the student is able to
access organised structures of these elements, as opposed to individual elements, then
responses to copy text will reflect speeded processing; that is, speeded retrieval and
legible reproduction of letters.
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According to cognitive load theory, intrinsic cognitive load cannot be altered as it is
intrinsic to, or inherent in, the task (Sweller et al., 2011). Interacting elements can be
taught in isolation to reduce intrinsic cognitive load, but such an approach has limited
utility and should only be temporary. Letters are to be used for writing tasks; however,
writing requires processing multiple interacting elements that increases cognitive load.
Teaching students to form their letters correctly, in isolation, is beneficial when they are
first learning to handwrite, but the benefits of such an approach diminish over time.
Instruction can facilitate or hinder students‟ ability to manage interactive elements.
When instruction hinders students‟ ability to perform, cognitive load is increased, which
in cognitive load theory is termed extraneous cognitive load. An example from Study
One in this dissertation may be requiring Year 1 students at the end of Term 1 to write
composition without providing requested support for spelling. In this way, extraneous
cognitive load is added to the intrinsic load of composition.
In contrast, the practice of handwriting individual letters that are combined to write
words, as reported in a study with Grade 1 students (Case-Smith et al., 2012), reduces
extraneous cognitive load. There is evidence that the right kind of instruction can
improve students‟ orthographic motor integration (Berninger et al., 1997; Jones &
Christensen, 1999; Medwell & Wray, 2010). The evaluation of handwriting legibility in
writing tasks of increasing complexity enables judicious decisions regarding suitable
instruction to build stronger structures organised around written language.
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PROCESS

Intrinsic Cognitive Load
(task complexity)

Writing Tasks
Copying
Dictation
Composition

EVALUATION

ELEMENTS
(independent elements that
must interact in real time )

(for example)
Orthographic motor integration
Grapho-phonic relationships
Concepts of words/sentences
Aspects of legibility
Text genre knowledge
Thoughts/ideas
Planning and organising
Reviewing and editing

STRUCTURE
(schemata)

HANDWRITING

WRITTEN EXPRESSION

Extraneous Cognitive Load=Instructional
Design

Figure 8-7. A conceptual framework for evaluation of handwriting legibility to inform instruction to promote handwriting automaticity
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When students are learning to handwrite any attention paid to increasing legibility, in
particular to the aspect of letter formation, increases automaticity. At the same time
however, attention to alphabet knowledge, graphic-phonic relationships and other
elements related to written language, is also necessary.
The findings of Phase Two indicate that automaticity increases from Year 1 to Year 2.
However, at least 35 % of students were unable to handwrite the lower case alphabet
sequence in 60 seconds by mid-Year 2, even when letter formation errors were
discounted. It is unknown, at this level of handwriting development, whether or not this
is a problem. In a UK study with Year 6 students (n=198), 27.4% scored less than 26
letters in the AT at 60 seconds (Medwell & Wray, 2013), but formation errors were not
included in the score. The finding raises questions about whether knowledge of alphabet
sequence itself can be assumed for all students when performing the AT. This
assumption needs to be tested when designing intervention.
Regarding letter formation errors, Phase Two suggests that in order to maintain
handwriting that they and others can read, students can be encouraged to self-evaluate
and monitor their letter formations.

8.7 Limitations
One of the limitations of Study Three is that students were not advised to continue
writing the alphabet in upper case letters after they had completed the lower case letters
during the administration of the AT, resulting in ceiling scores. This limitation
combined with the relatively small sample size may have underestimated the
relationship between legibility and automaticity in Year 1 students.
Test administrations for legibility and automaticity were not concurrent and may have
reduced the relationship.

8.8 Conclusion to Study Three
Study Three investigated the relationship between automaticity and legibility when
students are learning to handwrite. The study was conducted in two phases. Phase One
was an exploratory study to investigate whether a relationship between automaticity and
legibility exits for Year 1 students. Phase Two set out to examine two hypotheses: (i) an
increase in automaticity from Year 1 (AT-10) to Year 2 (AT-11) will be evident; and
(ii) formation errors will decrease from Year 1 (AT-10) to Year 2 (AT-11).
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No relationship was found between legibility and automaticity for students in Year 1.
This finding was confirmed twelve months later, when the Year 1 cohort had graduated
to Year 2. However, the nature of the variables entered for analysis, namely, measured
performance in legibility and inferred performance in automaticity at this stage of
students‟ handwriting development, may obscure any relationship between them that
might exist.
The first hypothesis for Phase Two was supported. Students did show an increase in
automaticity from mid-Year 1 to mid-Year 2. Evidence for the second hypothesis was
inconclusive. Formation errors on the whole did decrease, but errors due to incomplete
strokes increased.
This concludes the chapter on handwriting automaticity and legibility. The following
chapter will answer the research questions and discuss the findings of Chapters Six,
Seven, and Eight in the light of current literature.
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Chapter Nine: Discussion
I have yet to meet a student with fluent handwritten language that has problems
reading (Jones, 2004, p. 4)

9.1 Introduction
Despite evidence that a positive relationship between handwriting and written
expression exists, insufficient attention is paid to early handwriting instruction. The
neglect of handwriting instruction is reported in the USA (Coker, 2007; Graham &
Harris, 2006) and in the UK (Medwell & Wray, 2008). In Australia, research into
handwriting instruction is missing, but many early career teachers report they do not
feel confident to meet the demands of teaching literacy (Louden & Rohl, 2006).
Handwriting constrains writing development in a number of ways: (i) poor handwritten
text is difficult to read; (ii) difficult to read text influences the evaluation of written
content; and (iii) difficulties with handwriting interfer with the ideas generation and
planning text (Graham et al., 2008). A problem is the lack of a suitable instrument to
measure handwriting legibility when students are learning to write. Handwriting
assessment is often informal and related only to handwriting presentation. A potential
shortcoming of informal classroom based assessment is that an understanding of what is
being assessed may be lacking. In the reflective evaluation cycle (Kolb, 1984) for
handwriting performance, the so what (does it mean) is missing; consequently,
handwriting instruction, the now what (do I do) does not change (Graham & Harris,
2005).
This dissertation‟s thesis is that cognitive load governs handwriting legibility when
students are learning to handwrite and that legibility, or illegibility, should not be seen
only as a motor coordination deficit. Instead, the premise is that handwriting is written
language. Written language is both structure and process, and handwriting legibility
reflects the dynamic relationship between them during the period students are learning
to handwrite.
The aim of the present research was to construct an instrument to measure handwriting
legibility under conditions of increasing cognitive load for students in Year 1 and Year
2. In addition to establishing that it could be done, and thereby confirming the
dissertation‟s thesis, a further outcome was to provide educators and clinicians with a
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measuring instrument (Rose & Fisher, 1998). Such an instrument could then be used to
design targeted instruction. Previous handwriting research emphasised product features,
followed by research that emphasised process features. In this dissertation, product
features were examined using a measuring instrument to infer process features.
Two inter-related studies were conducted for the above purposes. Study One, which
used a cross sectional design, recruited a representative sample from Years 1, 2 and 3 in
Term 1 to construct a linear unidimensional scale of handwriting legibility for students
in Year 1 and Year 2, namely the Handwriting Legibility Scale (HLS). The Rasch
measurement model was used to analyse the data and the quality of the instrument to
assess a unidimensional variable. Study Two, a longitudinal study of the Year 1 cohort
from Study One, anchored data collected at four data points on the item locations of the
HLS and provided further evidence for validation of the scale.
A third study explored the relationship between handwriting automaticity and legibility,
and examined formation errors in the alphabet task (AT), from the Year 1 cohort into
the following year. Study Three was conducted in two phases. The relationship between
the AT (counts), and legibility (logits) in the Year 1 cohort were examined in Phase
One. In Phase Two, a comparison of automaticity and of letter formation errors on the
AT, from Year 1 into the following year, was conducted.
The context for the studies was set against a background of increasing demands on
students to achieve literacy standards to meet the needs of the 21st century (Ferreiro,
2000; Lonigan, 2006). The main point is that legibility is information about students‟
appropriation of written language, and handwriting should not be undervalued during
the period in which students are learning to handwrite. This chapter is aligned with
evaluation in the conceptual framework detailed in Chapter One. The research questions
posed in Chapter One are addressed in this chapter and the results are discussed in light
of present literature. Questions 1, 2, and 3 are addressed in the section related to the
HLS. Questions 4 and 5 are addressed in the section related to automaticity.
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9.2 The Handwriting Legibility Scale (HLS) and
measurement of handwriting legibility in Year 1 and
Year 2
Handwriting is perhaps the only universally taught curriculum that most
teachers do not evaluate using number, percentage, and frequency (TalbertJohnson et al., 1991, p. 117)
The measurement of handwriting legibility in Year 1 and Year 2 has been the main
focus in this dissertation. The research was directed to answer three questions. Question
1: Is it possible to construct a valid and reliable instrument based on cognitive load
theory to measure handwriting legibility of Western Australian students in Year 1 and
Year 2? Question 2: What are the effects of cognitive load on handwriting legibility for
students in Year 1 and Year 2? Question 3: How do the aspects of legibility assessed in
the instrument differentiate handwriting in Year 1 and Year 2?

9.2.1 The Handwriting Legibility Scale
Study One, a cross sectional study, confirmed that data showed sufficient fit to the
Rasch model (RM) to construct a linear unidimensional scale of handwriting legibility,
the Handwriting Legibility Scale (HLS). The scale is targeted to students who are
learning to handwrite in Year 1 and Year 2.
Three writing tasks were administered at the end of Term 1 to students in Years 1, 2 and
3: copying, dictation and composition. All tasks were assessed on the same six aspects
of handwriting: letter formation, size, space in word, space between words, line
placement and slant, giving 18 items (three tasks by six aspects). The writing tasks were
designed to represent hierarchically ordered levels of task complexity; that is, intrinsic
cognitive load. Following analysis, it was concluded that the composition task was too
difficult for the Year 1 students and that copying was too easy for the Year 3 students to
be informative. Therefore, copying was removed from Year 3 and composition removed
from Year 1 to construct the HLS. The internal consistency of the scale, as determined
by the Person Separation Index, was good (0.90). Validity of the scale was strongly
supported as the HLS, which places students and items on the same scale, differentiated
between the year levels. Study Two, a longitudinal study, administered the HLS tasks to
the Year 1 cohort of Study One on four occasions. Data were prepared according to the
tailored design of Study One and anchored to its item locations of the HLS. The validity
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of the scale was confirmed; therefore, question one is answered in the affirmative. A
valid and reliable instrument based on cognitive load theory was successfully
constructed.
The 18 items appear sufficient to capture legibility when students are learning to
handwrite and highlights the suitability of the RM for such data. The RM describes the
variation between persons and items, in contrast to classical test theory, which focuses
on describing variation in the population. Given that a measurement of legibility was
possible, assertions can be made about writing tasks and aspects of legibility as they
relate to Year 1 and Year 2 students.
Legibility differences according to writing task complexity have been reported
elsewhere (Graham et al., 2006), but the HLS is able to quantify a magnitude of
difference compared as ratios between copying, dictation and composition. The
respective means of composition, dictation and copying were 0.83, -0.14, and -0.69
logits. The successive differences between composition, dictation and copying were
0.97 and 0.55, giving a ratio of 0.97/0.55 = 1.76. Handwriting legibility in composition
is more difficult than dictation by almost two times the difficulty between dictation and
copying. The implication is that each kind of task tested in the HLS - copying, dictation
and composition - requires relevant instruction to the task.
Data from the longitudinal study showed accelerated growth in handwriting legibility
from the end of Year 1 to the beginning of Year 2, which begins to plateau by the end of
Year 2. Such a finding lends support for the notion of a transition from learning to
handwrite to becoming a handwriter and echoes what Gentry proposed for beginning
readers versus skilled readers (Gentry, 2006). Pertinent is that as handwriting legibility
increases over time, the range between students with legible handwriting and those with
less legible handwriting, also increases. Students must integrate many elements of
information for written expression, for example, spelling, generating thoughts and ideas,
handwriting legibility and attention to genre conventions (Coker, 2007). When students
are learning to handwrite, legibility reflects the integration and organisation of these
elements. To improve the performance of weaker students with poor handwriting during
this transition phase, some students might require differentiated instruction to support
this integration and organisation around written language. For example, if students are
not progressing with legibility in composition, then further practice in copying is not
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necessarily implied. It may be that these students require additional instruction relating
to spelling, generating and organising ideas, and/or text conventions.
The HLS did not distinguish between private and government schools. No data were
collected on instructional methods but the findings suggest that instructional methods in
private and government schools are effectively equivalent. No differences for
handwriting legibility were detected between left and right handed students, confirming
similar findings in previous research (Graham et al., 2006; Ziviani & Elkins, 1986). In
contrast, a significant difference was found between boys and girls for handwriting
legibility, with girls being better than boys. Gender differences when students are
learning to handwrite confirm findings from other studies (Berninger & Fuller, 1992;
Graham et al., 2006). Young boys are more likely to demonstrate some sensory motor
immaturity compared to girls (Fellick, Thomson, Sills, & Hart, 2001; Larson et al.,
2007), which may be a contributing factor. The maturation of fine motor ability was
identified as a significant attribute in the improvement of handwriting in a longitudinal
study conducted on Dutch students from Grade 2 to Grade 6 (Hamstra-Bletz & Blote,
1990). Furthermore, some studies suggest that boys are more likely to have problems
with auditory processing, which impacts on processing speech and language related to
literacy achievement, such as reading and taking dictation (Rowe & Rowe, 2006).

9.2.2 The effects of cognitive load on handwriting legibility
Research assessing the relationship between handwriting and other composing
skills is notably absent (Graham & Weintraub, 1996, p. 35)
The research findings support the thesis that cognitive load governs handwriting
legibility for students in Year 1 and Year 2. In answer to question 2, the main effect of
cognitive load is that as it increases for writing tasks, legibility decreases. Handwriting
proficiency is demonstrated when legibility is generalised across writing tasks. The
purpose of handwriting instruction is to help students achieve such proficiency. As a
measurement of legibility, the HLS provides an additional tool to examine the
relationship between handwriting and other composing skills, such as spelling and
sentence construction. Handwriting is often taken for granted when students are
assigned writing tasks (Sassoon, 1999) but, at the same time, handwriting is often cited
as the primary cause for failure to engage with writing tasks for students in Year 1 and
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Year 2 (Asher, 2006). There is some inherent circularity within these propositions that
potentially limits an understanding of how writing development may progress.
Written language is both structure and process. What is subsumed under the terms
structure and process in this dissertation, are referred to as performance components in
the handwriting literature. In an attempt to tease out the writing process and remediate
identified deficits (Berninger et al., 1991, p.74), most assessments for handwriting
problems target a number of performance components, for example: sensory motor
development, visual perception, alphabet knowledge, working memory and pencil grip
(Tomchek & Schneck, 2006). Ideally, the lowest level of vulnerability observed in these
performance components is identified as early as possible (Goswami, 2003) and early
intervention provided (Guralnick, 2011). In this dissertation, a dynamic system
perspective on learning to handwrite was advocated. These performance components
are best understood as contributors to a system for written language, which dynamically
integrate and organise around structures and processes that is written language. In
contrast to previous handwriting research that has focused on students‟ performance
components as proficiency requirements to perform the task, the present research has
focused on writing task elements or intrinsic cognitive load. Is the task too easy, too
hard, or just right? Evaluation of performance on task leads to instructional design or
extraneous cognitive load that can support or constrain the dynamic integration and
processing of task elements.
It was proposed in this dissertation that handwriting legibility acts as a proxy for the
dynamic relationship between written language as structure and process, which is tested
by requiring students to perform on writing tasks of increasing complexity or intrinsic
cognitive load (Sweller et al., 2011), thereby allowing inferences to be made about
written language structure and process. It must be stressed that this proposition does not
preclude the assessment of individual performance components; rather, it permits a
broader understanding of the contribution of performance components to a dynamic
system that organises around written language.
Finally, the HLS lends supports to the theoretical construct of intrinsic cognitive load,
which underscores the significance of task complexity for learning (Sweller et al.,
2011). One of the criticisms of cognitive load theory has been that cognitive load is
difficult to measure (de Jong, 2010). Subject to analysis by a measurement model, the
Rasch model, the performance scores on hierarchically ordered complex tasks to
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construct the HLS, lend credibility to the construct of intrinsic cognitive load
(Beckmann, 2010).

9.2.3 Aspects of legibility in Year 1 and Year 2
In response to question 3, the HLS makes it possible to describe how the six aspects of
legibility differentiate handwriting in Year 1 and Year 2. The order of difficulty for
aspects of legibility from easy to hard was: space in word, slant, letter size, space
between words, letter formation and line placement. Copying space in word and
dictation space in word were very easy items and copying space in word discriminated
poorly between persons. It might be that the aspect, space in word, is most applicable to
composition. In a longitudinal study using a copying task, students in higher grades
were more likely to display problems with space in word referred to as collisions in the
study (Hamstra-Bletz & Blote, 1990). A reason may be that space in word may be more
susceptible to handwriting speed, but further research is required. Slant was also an easy
item, which confirms previous research. Slant was found to be an easy item in a
previous study investigating the validity and reliability of the Test of Written Language,
(Graham, Boyer-Shick, & Tippetts, 1989). Further support for ranking slant as an easy
item comes from the longitudinal study conducted on Dutch students where slant failed
to sufficiently discriminate between good and poor handwriters (Hamstra-Bletz &
Blote, 1993).
The aspect, letter formation, strongly differentiated year levels. In Study One, analysis
of differential item functioning found that given the same proficiency estimate, letter
formation operated differently in copying, dictation, and composition for students in
Years 1, 2 and 3. In other words, the aspect was not invariant across the year levels. The
aspect, letter formation, represents some higher order feature of legibility that operates
differently at the beginning of Term 1 for students in Years 1, 2 and 3.
In a USA study, Grade 2 students displayed less variability for letter formation, space in
word, line placement, letter size and slant than did Grade 1 students, and poor
handwriters in Grade 2 showed more variability than good handwriters (Graham et al.,
2006). As in the present research, handwriting was influenced by task with more
production errors evident in composition than in copying. Space in word and line
placement was better in copying than in composition. Grade 1 students had larger
distances between letters in words than did Grade 2, which may indicate that Grade 2
students have more motor control. In copying there were slightly more spaces between
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the words than for composition, which may reflect knowledge telling processes for
composing at this age. In addition, students can refer to a model for space between
words in copying (Graham et al., 2006). In the current longitudinal study, handwriting
legibility accelerated from the end of Year 1 to the beginning of Year 2, at which time
improvement began to plateau. This finding is consistent with a study conducted with
North American students. By the end of Grade 2, students were found to legibly
handwrite 92% of the alphabet letters with no additional improvement in Grade 3 when
writing the alphabet task (Graham et al., 2001).
Compared to letter formation, the difficulty of the aspect, line placement, rarely attracts
the same interest. Lined paper may be considered unnecessary when young children
experiment with writing letters because their attention is focussed on reproducing the
individual letter forms instead of where to place the letters. Unlined paper is often
advocated in the pre-writing stage and lined paper is advised when formal instruction in
handwriting commences (Praxis Productions, 2001). Daly (2003) found no advantage
for lined versus unlined paper for kindergarten children copying letters (Daly et al.,
2003). Nevertheless, once formal instruction has begun, lined paper may provide a
visual aid for maintaining horizontal consistency that is differentially beneficial for poor
handwriters, because they are more likely to demonstrate visual spatial difficulties
(Tomchek & Schneck, 2006). A lot of classroom handwriting is not written on lined
paper; instead, writing is required on commercially produced or teacher prepared
worksheets without lines and sometimes limited space to write. Such worksheets may
encourage poor handwriting habits in terms of letter size, spacing and placement.
Insufficient writing space may disadvantage some students with developmental
disorders; for example, students with autism are more likely to demonstrate
macrographia (Beversdorf et al., 2001; Johnson et al., 2013). The use of lines and space
for handwriting in Year 1 and Year 2 warrants further attention when evaluating
handwriting performance. At least, some experimentation with lined paper that best
supports legibility for individual students is indicated.

9.3 Automaticity and legibility
A growing body of research suggests that lack of automatic retrieval or automaticity
interferes with handwriting legibility and the ability to express ideas (Berninger et al.,
1996; Graham et al., 2000; Jones & Christensen, 1999; Medwell et al., 2007). In the
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literature, the alphabet task is used as a proxy for automaticity. The present research
was directed to two questions. Question 4: What is the relationship between
automaticity and handwriting legibility in Year 1 as assessed by the HLS? Question 5:
How does the nature of letter formation error change from Year 1 to Year 2 in the
alphabet task (AT)? Study Three (Phase One) investigated the relationship between
automaticity and legibility. Study Three (Phase Two) examined the change in formation
errors in the alphabet task.

9.3.1 From no relationship to growing relationship?
In answer to question 4, a relationship between automaticity and legibility was not
found for students in Year 1. One possible reason is that the AT, as an indicator of
automaticity, might be too narrow an explanation for the task complexity of the HLS.
Handwriting automaticity is inferred from the rapid retrieval of correctly formed letters
during a decontextualised writing task. The HLS, on the other hand, measures legibility
in the context of writing tasks with varying cognitive load. In Year 1, students are
learning to handwrite and students may retrieve letters in a different way during the
alphabet task than during retrieval in writing tasks. However, over time and with
practice, the nature of retrieval may begin to converge. Further analysis with Year 2
data showed a slight increase over time for the correlation coefficient between
automaticity and legibility, which suggests that as students‟ handwriting proficiency
increases, automaticity becomes more aligned with legibility.
Letter formation is only one aspect of legibility, but its higher order status is
acknowledged. Automaticity is the speeded independent retrieval of correct letter
formations. Guided instruction and monitored practice facilitate students‟ capacity to
independently retrieve letters. Writing from memory is encouraged (Berninger et al.,
1997). “Automated letter writing is the skill that is required to produce handwritten
language, therefore writing letters from memory is emphasized, not the skill of
penmanship or copying letters into a copybook” [my emphasis](Jones, 2004, p. 59).
Writing letters from memory implies cognitive structure associated with structures for
written language, as understood in this dissertation. Students need to integrate mental
representations of letters with their motor plans, orthographic motor integration, for
handwriting (Berninger et al., 1992).
In her doctoral study, Jones (2004) emphasised sensory motor components when
devising instruction to promote automaticity as an intervention for Year 1 students with
233

poor handwriting in Term 2. She designed instruction to reduce as many competing
visual demands as possible and used large bubble outlines ( ) for single letters named
„tracks‟ with an arrow cue to indicate direction of stroke; each letter was on a single
page. Students were instructed how to form the letter and given direct feedback to
monitor accurate formations. Once students understood how to form the letter, they
were allowed to handwrite the letters in the letter bubble many times using different
coloured pencils, so-called rainbow letters. The repeated handwriting of the letter was to
strengthen kinaesthetic awareness (Benbow, 1990; Laszlo & Broderick, 1991) of the
letter form to consolidate a motor program. According to Jones, handwriting by
precisely forming letters requires considerable fine motor skill, effective tool use, and
good spatial awareness to form the letters correctly on the line. The rationale for Jones‟
approach was to reduce extraneous cognitive load to concentrate on the correct
directionality for forming letters. The work on automaticity was conducted in
conjunction with other strategies and techniques to promote written language as student
mastery of the alphabet system is integral to learning to write (2004, p. 154). The
intervention was specifically designed to promote automaticity in students with poor
fine motor skills and delayed sensory motor development associated with poor progress
in handwriting (Jones, 2004). Practice to correctly form letters was following by writing
words and building sentences. Linking handwriting instruction to words containing
practised letters has been adopted elsewhere as an effective intervention for Grade 1
students with handwriting difficulty (Case-Smith et al., 2012).
Handwriting instruction and practice improves handwriting (Hoy et al., 2011).
Berninger et al. (1997) found that any intervention for beginner writers with
handwriting problems was helpful. The most effective approach in their study was using
both visual cues in the form of directional arrows followed by writing out the letter from
memory. If automatic retrieval relies on a memory trace, then the use of prolonged
tracing as a means to learn to handwrite letters is queried. Tracing can be executed with
little cognitive engagement. Copying has been found to be superior to tracing (Askov &
Greff, 1975), and consistent verbal cues and teacher feedback better than copying
(Sovik, 1976). The use of self evaluation for free-formed letters has also been effective
to improve handwriting (Weintraub et al., 2009). Neuroimaging has shown that
preliterate children make neural action-perception pathways that resemble those of
literate adults when they engage with copying, as opposed to when they are tracing and
typing (James & Engelhardt, 2012). Prolonged tracing appears unhelpful when
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independent retrieval of letters is the goal. In the same way, the continued use of
copying tasks to assess handwriting legibility beyond Year 2 is queried. If legible
handwriting in self generated text is the goal, then assessing legibility in copying
appears limited to advance understanding of the demands of text on handwriting.
Based on the cited studies, the type of handwriting instruction may have strong effects
for handwriting automaticity; that is, legible handwriting that is fast and effortless
(Graham et al., 2006). Conventional handwriting programs where students continue to
copy lines of letters may improve correct formations of individual letters, but may not
improve automaticity (Medwell et al., 2009) or legibility, during writing tasks of
varying cognitive load. The conceptual framework presented in the previous chapter
highlights that both intrinsic and extrinsic cognitive load must be considered to facilitate
the dynamic integration of elements that contribute to legible written expression.

9.3.2 Letter formation errors from one year to the next
Berninger and Alsdorf warned that educators and clinicians should be careful of
inferring concerns about letter formation errors without norms for developmental
changes in error patterns (Berninger & Alsdorf, 1989). Graham and colleagues found
that Grade 1 and Grade 2 students unexpectedly produced more letter formation errors
in the alphabet task than in composition (Graham et al., 2006). The explanation for this
finding was that the alphabet task is a decontextualised activity. Such an explanation
has some resonance with the psycholinguistic model of handwriting (Kandel et al.,
2011) because chunking meaningful units e.g., syllable, onset-rime, facilitates forward
(motor) planning for letters. Given these caveats, only limited inferences can be made
regarding the characteristics of letters produced during the alphabet task.
Nonetheless, there were noticeable changes observed in the study reported here, when
comparing letter formation errors on the alphabet task from one year to the following
year. Substituted capital letters and reversals, not unusual in Year 1, had almost
disappeared by Year 2. Additional strokes were common in Year 1, especially for entry
and exit strokes of Victorian Modern Cursive script, but less so in Year 2. In contrast, in
Year 2 more letters appeared to be carelessly formed. In particular, descender letters
ended with a „flick‟ that gave the appearance of an incomplete letter and idiosyncratic
formation, especially for „d‟ was common in Year 2 (see Appendix U and V). This
finding is consistent with that of Hamstra and Blote (1990), who found a deterioration
of letter forms and changes in style; for example, letters not closed, ascender and
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descender letters looped according to individual style, from Grade 2 to Grade 6
(Hamstra-Bletz & Blote, 1990). In answer to question 5, the transition of letter
formation errors from Year 1 to Year 2 may be described from incorrect to incomplete.
Such an observation suggests that attention to letter formation by encouraging self
evaluation and monitoring by the teacher remains important in Year 2.

9.4 Handwriting legibility in Year 1 and Year 2: Before,
during and after
The final section returns to the premise that handwriting is written language and that
written language is constructed over a long period of time. In this dissertation it was
proposed that handwriting legibility acts as a proxy for the dynamic relationship
between written language as structure and written language as process for students
learning to handwrite. Written language is constructed over a long period of time;
indeed, from an early age children begin to build the knowledge base or structure to
become readers and writers (Helman, 2009, p. 117). From a dynamic system
perspective, it was proposed that handwriting legibility in Year 1 and Year 2 is the
product of written language as structure acquired from birth to school entry (initial
state) with external contingent instruction and internal processes (resources) plus
maturation (time). Students‟ transition from learning to handwrite to being a handwriter
signals the next state; as a result, the nature of the resources may need to change for
further integration and organisation around written language to occur. Years 1 and 2
were considered as a transition state in this dissertation. A prior state and subsequent
state is assumed.

9.4.1 Prior state: Before Year 1 and Year 2
Child, family, and community factors that contribute to written language structure and
process are the focus of the prior state.
The emergent literacy movement highlighted that written language does not begin at
school entry (Teale & Sulzby, 1986). Ongoing research has confirmed the importance
of the early years (Shonkoff & Phillips, 2000) and that what happens to shape
development in the early years has long lasting effects (Fisher, 2012). Consequently,
public health services have become more active in identifying children who may require
early intervention before school entry (Marshall & Craft, 2000; Shonkoff & Phillips,
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2000), including factors that contribute to handwriting proficiency (Coker, 2006;
Dunsmuir & Blatchford, 2004).
Appropriate assessment and targeted intervention at the level of the child, family, and
external resources are facilitated by taking a dynamic systems perspective that takes
into account risk (constraint) and protective (support) factors (Guralnick, 2011). Areas
presented in this dissertation that may need targeted intervention to improve
handwriting legibility include: tool use and graphic behaviours (Rule & Stewart, 2002);
phonological awareness; oral language; self regulation (Diamond, 2010); and sensory
motor development (Ward, Vaughn, McWilliams, & Hales, 2010).

9.4.2 Transition state: During Year 1 and Year 2
Consistent with the view that large effects may come from small changes during a
transition phase in a dynamic system, formal handwriting instruction is introduced as a
„change‟ to the system and is the focus of the transition state.
Handwriting is a neglected cornerstone of literacy, according to Sheffield (1996, p. 21).
While the benefits of effective early teaching may be promoted, they are seldom acted
upon. As a result, students develop poor habits for forming letters that are very difficult
to correct later (Sheffield, 1996). The necessity to master letter formations when
students are learning to handwrite should not be underestimated. Medwell and Wray
(2007) found that at the end of Year 2, a surprisingly large number of British students
were still struggling with orientation and regularity of letter formation. However, it was
not possible to state whether this was a matter of concern because there were no data for
comparison (Medwell et al., 2007). The findings of the current longitudinal study
suggest it is a matter of concern, as the range for legibility between students increased
from Year 1 to Year 2. The expectation would be that the range between students
decreases, much as the range for legibility within students decreases as they become
proficient at handwriting. Beyond Year 2, students are required to write tasks of greater
cognitive load. Viewed dynamically, written expression is supported by letter
formations that are processed as an integrated and organised structure around written
language. Conversely, written expression is constrained by letter formations that are
processed as single elements.
Because handwriting is an element in the system of written language, instruction
designed to integrate other salient written language elements with handwriting, are more
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likely to be successful. There is positive empirical evidence for an integrated alphabetic
approach that simultaneously teaches letter formations and phonics (Massengill &
Sundberg, 2006; Shaw, 2011). Some traditional approaches teach one letter per week,
which would take 26 weeks of a typical 36-40 week school year, but brief, explicit
teaching of the letter‟s name, sound and letter formation is advised when alphabet
letters are introduced (Jones et al., 2013). Compared to traditional instruction, student
learning related to written language concepts improved when exposed to a program
developed by Jones and colleagues. Their program, Enhanced Alphabet Knowledge,
consists of six distributed instructional cycles (recursive), ordered according to learning
advantage (developmental), and delivered by means of lesson templates (structured and
sequential) in kindergarten, during one school year, (Jones et al., 2013).
To learn to handwrite takes time (Hildreth, 1932). Systematic, targeted and monitored
practice is necessary to automatise rhythmical writing habits for correct formations that
can be independently retrieved during written expression. A survey into handwriting
instruction with USA teachers from Grades 1-3 found that only 12 % of teachers felt
prepared to teach handwriting (Graham et al., 2008). The average instruction was 70
minutes per week, yet only 39% of the teachers felt that their students‟ handwriting was
adequate. Many teachers used a commercially available handwriting program (Graham
et al., 2008), but as studies conducted by Louden et al. (2005, 2008) have shown, it is
not the program but how the program is translated and adopted in the classroom that
makes the difference to student learning. According to a study investigating reading and
handwriting curriculum in kindergarten, educators express ambivalence about
handwriting instruction (Vander Hart et al., 2010). They are less concerned about
correct letter formation than whether the “product looks reasonable”. The common
rationale for assigning less importance to handwriting instruction is that computer use is
so prominent in society today; consequently, the view is that handwriting is becoming
obsolete (Vander Hart et al., 2010).
Studies in the USA show that most students are ready for formal handwriting
instruction by the latter half of kindergarten (Asher, 2006; Daly et al., 2003; Marr,
Windsor, & Cermak, 2001). In Australia, this is the latter half of the Foundation Year,
which was introduced in 2013 by the Australian Curriculum. Before that time, many
elements of written language, including introduction to letters formed according to
convention, will have been formally introduced. Students „ready‟ for handwriting
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instruction know where to direct their attention, why it is important to do so, and how
they can manipulate the letters they learn to write. In other words, they have an
understanding of how the written language system works.
Teachers refer students with handwriting problems to occupational therapists, but
pedagogy for handwriting instruction does not feature in occupational therapy
undergraduate programs in Western Australia. Occupational therapists view
handwriting primarily as a perceptual motor skill (see Appendix A). Occupational
therapists are trained in motor learning principles, biomechanics and, to observe and
make inferences on the interaction between task activity, person participation and
environmental support or constraint on occupational performance. Occupational
therapists may provide instruction on desk posture and pencil grip preparation as well as
handwriting motor practice and feedback conditions. Motor learning is concerned with
permanent (structural) change in the capability for skilled movement (Schmidt &
Wrisberg, 2008); hence, automatic retrieval of correct letter formations is the goal of
occupational therapy intervention. On the other hand, occupational therapists have less
expertise in literacy development. Examples of collaborative work between educators
and occupational therapists exist (Case-Smith et al., 2012), but formalised collaborative
interprofessional practice appear warranted to improve the effectiveness of handwriting
instruction (Vander Hart et al., 2010).

9.4.3 Subsequent state: After Year 1 and Year 2
Development of written expression and maintaining handwriting legibility is the focus
of the subsequent state.
Sensory motor approaches are effective in early handwriting instruction, but are less
effective at maintaining handwriting legibility (Weintraub et al., 2009; Zwicker &
Hadwin, 2009). To maintain legibility, students need to learn to evaluate their own
handwriting and devise their own goals to maintain their legibility (Jongmans, LinhorstBakker, Westenberg, & Smits-Engelsman, 2003). This approach has been termed taskorientated self evaluation and would not be unfamiliar to many adult handwriters trying
to maintain legibility under speed conditions.
At the same time, the development of written expression also needs to be addressed
explicitly (Graham, Gillespie et al., 2012). There is increasing research to extrapolate
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good teaching practices to help students learn to become writers (Graham, Bollinger et
al., 2012; Kellogg, 2008).

9.7 Conclusion
This chapter has evaluated the research questions in the light of study findings and the
literature. Handwriting is written language and written language is structure and
process. “From a very early age children begin to build the knowledge base that will
help them to become readers and writers” (Helman, 2009, p. 117). Handwriting
legibility acts as a proxy for the integration of written language as structure and process
when students are learning to handwrite. The contribution of the present research is the
construction of an instrument to measure handwriting legibility that tests for the effect
cognitive load has on legibility. The stability of the dynamic relationship between
structure and process is inferred from a measure of handwriting legibility and thus
contributes to an evaluation for appropriation of written language.
The use of a measurement model to construct the HLS means the relative difficulty of
legibility aspects can be quantified and ranked. Quantification means that comparisons
can be made. This information can assist educators and clinicians to target their
intervention. If students have difficulty with easier aspects, direct intervention in
handwriting is effective (Hoy et al., 2011), but further investigation of motor, linguistic
and cognitive processes is warranted (Coker, 2006). Analytically teasing out
components for skilled writing (Berninger et al., 1991) has contributed to our
understanding of written language, but not all components integrate in the same way,
within the same time frame, for different students. By taking a dynamic system
perspective, educators and clinicians need not rely on cut-off scores but, rather, on a
developmental continuum of achievement to provide the right support, at the right time,
and at the right level (Griffin, Murray, Care, Thomas, & Perri, 2010; Suggate, 2010).
On a final note, handwriting speed was not addressed in the present research. The
speedy retrieval of consolidated motor programs for letters influences handwriting
speed, but so too does the capacity to meet the linguistic and cognitive demands of
writing tasks. In other words, cognitive load also impacts handwriting speed.
This concludes the discussion of research questions posed at the beginning of the study.
The next chapter highlights the contribution of the present research, recommendations
for further research and implications for practice.
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Chapter Ten: Conclusion

This chapter concludes the dissertation and is presented in five sections: (i) summary of
findings and their implications; (ii) research contribution; (iii) limitations of the study;
(iv) recommendations for future research; and (iv) implications for practice.

10.1 Summary of the findings and implications
The present research was undertaken to construct an instrument to measure handwriting
legibility for students in Year 1 and Year 2. The Handwriting Legibility Scale (HLS)
sufficiently met the requirements of the Rasch model of measurement. In addition,
longitudinal data from the beginning of Year 1 to the end of Year 2, anchored on the
items locations of the HLS, provided further evidence for its validity.
Prior to construction of the instrument, considerable attention was paid to a theoretical
underpinning for its design. The conceptual framework, outlined in Chapter One,
guided the research. Four theoretical perspectives relating to handwriting legibility in
Year 1 and Year 2 were nominated: (i) acquisition; (ii) performance; (iii) measurement;
and (iv) evaluation. The overriding premise is that handwriting is written language and
a case was made from the literature to consider written language as structure and
process when students are learning to handwrite. This theoretical perspective for
acquisition proposes that written language as structure and process represents latent
ability, upon which a theoretical perspective for handwriting performance as manifest
ability is based. Given this perspective, handwriting legibility acts as a proxy for the
dynamic relationship between written language as structure and as process. To test the
strength of that relationship, intrinsic cognitive load was introduced via a series of
coherent hierarchical writing tasks (Griffin et al., 2010). It was predicted that
handwriting legibility would decrease as cognitive load increased. The marking key, a
rubric with descriptors and exemplars for six aspects of legibility, was used to score
performance. Performance scores were analysed using the Rasch model of measurement
to construct a linear, unidimensional scale of handwriting legibility for Western
Australian students in Year 1 and Year 2. The theoretical underpinnings for the study
predicted the item variation in the HLS, contributing to the validity of the instrument.
Therefore, inferences can be drawn from evaluation of performance to design targeted
instruction. Furthermore, by defining the construct as cognitive load, future research can
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be undertaken to falsify the claims of the present research (Stenner, Smith 111, &
Burdick, 1983).
One implication for a measure of handwriting legibility is that differentiated
intervention can begin much earlier and progress can be monitored more closely. The
lack of suitable measures of handwriting legibility means that it is difficult to explicate
the contribution of handwriting in Year 1 and Year 2 to writing development. The
second implication is that inferences about language, planning and organising ideas, as
well as motor proficiency can be made from handwriting performance in Year 1 and
Year 2. Evaluation of handwriting legibility does not occur in the absence of other
assessments for literacy, but is an important addition to it. The third implication is that
education and health professionals can dovetail their expertise if they have a common
understanding of handwriting legibility during the period in which students are learning
to handwrite.
A secondary aim of the research was to investigate the relationship between
handwriting automaticity and legibility in Year 1 and Year 2. No relationship was found
during the period students are learning to handwrite. Given that both automaticity and
legibility require letter formations, the implication is that any instruction directed
toward mastery of correct letter formations will improve both legibility and automaticity
for student learners. Although automaticity increased from mid-Year 1 to mid-Year 2,
evaluation of letters on the alphabet task suggests that errors slip from incorrect to
incomplete letter formations. The implication is that different types of errors require
different types of instruction.

10.2 Research contribution
The research contribution is threefold: (i) an explanation of handwriting legibility in
terms of cognitive load, underscored by evidence based on item variance; (ii) the
proposition to consider handwriting legibility as a proxy for the dynamic relationship
between written language as structure and process; and (iii) by taking a dynamic system
perspective, both cognitivist and sociocultural orientations to written language are
accommodated.
Previous handwriting assessments have used scores to describe variation in the
population. The main point of difference in the present research is that the HLS explains
variation in estimated item values. Test design, test items, marking key, and analysis of
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scores were thoroughly integrated to investigate the impact of cognitive load on
legibility. In this way, cognitive load became the means of ordering and understanding
performance (Stenner et al., 1983; Sweller et al., 2011).
Instrument validity is assessed by the appropriate, meaningful, and useful inferences
and actions that can be derived from it (Messick, 1989). The instrument is concerned
with performance, but it is based on an assumed latent ability. The latent ability in this
study referred to the dynamic relationship between written language as structure and
process. This formulation of latent ability does not contradict research to explicate
causal mechanisms for written expression (Hooper et al., 2011) or appeals for an
integrated approach to writing development (Coker, 2006). Instead, understanding
written language as structure and process complements this research. The cognitive load
of writing tasks has differential effects on handwriting legibility. Therefore, evaluation
of student performance may indicate that differentiated instruction is required.
Finally, by adopting a dynamic system perspective, this dissertation has refrained from
the polarised debate related to two dominant orientations to written language,
cognitivist and sociocultural; rather, the contribution of both was recognised.

10.3 Study limitations
The main limitation of the study relates to the marking key. Rubric HLS demonstrated
acceptable internal consistency and intra- and inter-rater reliability, but only two raters
were involved in reliability testing. Inter-rater reliability might be less, if more raters
were involved in judging the reliability of Rubric HLS. One person selected the rubric
exemplars after paired comparisons between 42 samples were ranked. The better of two
samples was judged on a global comparison of legibility, but the exemplars were chosen
based on an aspect of legibility. Rubric HLS was used only for the present research and
no feedback was sought from teachers regarding its utility. The rubric did not
distinguish Victorian Modern Cursive (VMC) script from ball from stick print, which
was prevalent amongst the handwriting samples; therefore, a mixture of both scripts
made up the rubric.
The rubric could be improved by using exemplars of the script used to score legibility of
that script. That is, the VMC script exemplar rubric would be different from the ball and
stick rubric. The method of selecting exemplars could be improved. Selecting
exemplars, based on paired comparison of scrips on six separate aspects of legibility
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that illustrate qualitative differences, is preferred to paired comparison on global
features. In addition, more raters are required to improve inter-rater reliability. It is
noted that Thorndike reflected that he should have economised on the number of
samples rated and instead had far more ratings of each sample (1912, p. 26). Software is
now available to make this process easier (Pairwise Comparison Application http://hellion.webfactional.com). Examining inter-rater reliability should include
educators and clinicians. The aspect space in word poorly discriminated between
students and retention of copying space in word (CpspI) and dictation space in word
(DspI), and can be further investigated. It might be that 16 items are sufficient to
measure legibility when students are learning to handwrite.
The second limitation is the tasks. The tasks represented a hierarchical order of
complexity, but complexity is not the same as difficulty. Only three tasks, performed
under one set of test requirements, were used to construct the marking key, Rubric HLS.
Some items with successive categories had thresholds reasonably far apart. To improve
precision of the marking key, the principle of the tailored design could be elaborated to
have additional tasks within dictation and composition of varying difficulty. Ideally,
this range of tasks would be matched to a curriculum progression. In this way, a
measure of handwriting legibility becomes immediately obvious for writing
development.
Finally, the study was conducted in Western Australia. Teacher practice related to
handwriting instruction may not generalise to other educational sites, so that other
samples of students may produce different results.

10.4 Recommendations for further research
The present findings indicate that a valid measure of handwriting legibility when
students are learning to handwrite is possible, but limitations are acknowledged.
Replication of the methodology, test design, and adjustments to rubric construction are
recommended for further research to improve the instrument.
The beginning of Year 1 to the end of Year 2 was the focus of the present research. In
Australia, students are now expected to receive handwriting instruction in the
Foundation Year or kindergarten. If students begin formal handwriting instruction
earlier, a new scale may be necessary to reflect instructional practice.
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The use of self evaluation by students to select their best handwriting efforts is
supported in the literature but no reports of students comparing their handwriting to a
qualitative range of handwriting was found. Another possible use of the marking key is
that students use the rubric to evaluate their own handwriting.
Given a measure of handwriting legibility that places items and persons on the same
scale, further research could investigate person profiles to gain a better understanding of
handwriting development specifically and writing development generally.

10.5 Implications for practice
The most critical time in the life of a reader or writer is a year after instruction
has begun (Rowe, Rowe, & Pollard, 2004, p. 30).
Four implications for practice are offered.
Firstly, letter formation represents a higher order feature of legibility. Therefore,
attention must be directed towards student mastery of letter formations. Secondly,
independent retrieval of letter forms is the goal. Therefore, the use of tracing and
copying as a means of handwriting instruction should be time limited. Thirdly,
differentiated instruction should start early - as soon as students present with difficulties
in handwriting classroom writing tasks. In a dynamic system, small changes to
instruction can lead to large effects on performance. Finally, and consistent with a
dynamic system perspective, everything should be addressed. For example, prior to
school entry children must have opportunities to engage with fine motor activities with
practical materials, as well as drawing and colouring, as well as climbing and running,
as well as reciting nursery rhymes with hand and body actions, as well as playing
with/learning the alphabet. At school entry, students need explicit, sequential instruction
for phonemic awareness, as well as phonics, as well as writing posture, as well as pencil
grip, as well as correct letter formations as well as exposure to written composition.
Instruction must be comprehensive and integrated for structures and processes to
organise around written language.
In this dissertation, it has been argued that cognitive load governs handwriting legibility
when students are learning to handwrite, and it has been demonstrated that it is possible
to predict process features from product features by using a measurement
instrument. The evaluation of legibility should be recognised as a means of assessing
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cognitive load underlying various writing tasks and, as such, an important source
of information to enable the design of targeted instruction to advance students‟
appropriation of written language.
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Appendix A: Sensory motor performance components
Sensory motor
components
SENSORY
Tactile & proprioceptive

Impact on handwriting
Gives information regarding grasp of writing tool, eraser, writing
medium, and surface for writing

Visual

Allows scanning the printed line, sustaining visual regard, and
focusing on stationary text and formation of letters

Kinaesthesia

Provides feedback related to extent, weight, and direction of
movement, allowing appropriate pencil pressure and directing
writing tools

Form constancy

Enables child to discriminate between numerals, letters, and words
that are similar, such as b/d, and was/saw

Position in space

Influences spacing between letters, words, and numerals, placing
letters on and within writing lines, and using margins appropriately

Visual closure

Enables child to identify which letters have been formed
completely

NEUROMUSCULAR
Muscle tone

Allows sustaining of an upright position and upper-extremity
stability and mobility

Strength

Impacts ability to firmly grasp and maintain positional consistency
of the writing tool over time

Postural control

Influences ability to make postural adjustments while writing in
various positions

MOTOR
Crossing the midline

Assists to write in a horizontal plane across the midline of the body
without interruption or distraction

Bilateral integration

Enables child to use symmetric and asymmetric hand movements
to hold writing tool and stabilize paper

Laterality

Allows consistent and superior use of one hand for writing

Praxis

Influences capacity to plan, sequence, and execute letter forms and
arrange letters to build words

Fine motor coordination,
particularly in-hand
manipulation

Provides moving pencil from palm to fingers (translation),
adjusting pencil shaft in fingers for writing (vertical shift), and
turning pencil end-over-end for erasing (complex rotation)

Visual motor integration

Impacts ability to reproduce numerals and letters accurately, to
colour within lines, and to trace

Reference: Taken from (Amundson, 1996, p. 531)
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Appendix B: School Age
Nomenclature for education facility according to age (Australia is shaded)
Age
USA
UK
WA
NSW
VIC
in
years
3 to 4
Early
Kindergarten Preschool
Kindergarten
childhood
centres
Preschool - 2013
4 to 5 Preschool
Reception
Pre-primary
Kindergarten Preparatory
5 to 6
6 to 7

Kindergarten
Grade 1

Year 1
Year 2

7 to 8

Grade 2

Year 3

Foundation Year – 2013
Year 1
Year 1
Year 2
Year 2
Year 3

Year 3

SA
Preschool/
Kindergarten
Reception

Year 1
Year 2

Year 1
Year 2

Year 3

Year 3

Comparison of ages for entry into Programs in Australia prior to introduction of Australian
Curriculum http://www.det.wa.edu.au/education/ece/enrolments.html#attendance (accessed 23 May 2011)
State/Territory

Entry age into
program two
years before
Year One

4 by 30 June.
Single entry
Western Australia point at
beginning of
school year

Entry age into
program one
year before
Year One

Entry age into
Year One

Compulsory starting
age

5 by 30 June.
Single entry
point at
beginning of
school year

6 by 30 June.
Single entry point
at beginning of
school year

The beginning of the
school year in which
the child reaches the
age of 6 years 6
months

New South Wales

4 by 31 July

5 by 31 July

6 by 31 July

6th Birthday

Victoria

4 by 30 April

5 by 30 April

6 by 30 April

6th Birthday

5 y 30 June.
Single entry
point

6 by 30 June.
Single entry point

Continuous entry
after 4th birthday

Continuous entry
after 5th birthday

Single entry in
January after 2-5
terms in Reception
depending on
initial entry

6th Birthday

Tasmania

4 on or by 1
January in year
of entry

5 on or by 1
January in year
of entry

6 by 1 January

5 on or by 1 January

ACT

4 by 30 April in
year of entry

5 by 30 April

6 by 30 April

6th Birthday

Northern
Territory

Continuous entry
after 4th birthday

4 years and 6
months by 1
January

5 years and 6
months by 1
January

6th Birthday

Queensland

South Australia
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Appendix C: Handwriting Assessments

Age/grade
range
Test type
Normreferenced
Criterion
referenced
Domains tested
Writing from
memory
Far point
copying
Near point copy
Dictation
Composition
Upper case
Lower case
Category
scores
Legibility
Form
Alignment
Size
Spacing
Speed
Scores yielded
Percentile (PR)
Std Score
Scaled Score
Reliability
Inter-rater

Intra-rater

Test-retest

Minnesota
Handwriting
Assessment
(MHA)
(Reisman,
1999)

Evaluation of
Children‟s
Handwriting
(ETCH-M)
(Amundson,
1995)

First & second
grade

Grade 1-6

Children‟s
Handwriting
Evaluation
Scale (CHESM)
(Phelps, 1987)
First and
second grade

Test of
Legible
Handwriting
(Larsen &
Hammill,
1989)
Age
7.0 -18.5
years

X

X

Test of
Handwriting
Skills-M
(THS)
(Gardner,
1998)
5-8.11 years

X
X

X

X

X

X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X

Classification
rating

Percent
accurate for
legibility score

0.77 to 0.88 for
inexperienced
rater
0.90 to 0.99
experienced
range 0.96 to 1

0.64-0.94 for
inexperienced
0.63 to 0.91 for
experienced
rater

0.60 to 0.89
(ICC)

X

X
X
X (lined
paper)

X
X
X

Comparison
with nine
ranked
handwriting
exemplars

X

X
X
X
X

X
X

X
X

X
X

Range 0.85 to
0.93

0.87-0.92
(reported in
Graham &
Berninger,
1998)

None reported

0.53 to 0.97 for
inexperienced
0.64 to 0.98 for
experienced
0.63 to 0.71 for
total score

Taken from: Feder & Majnemer, 2003; Tomchek & Schneck, 2006
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Appendix D:Work samples for the Australian
Curriculum – English

Work sample for Foundation Year
http://www.acara.edu.au/curriculum/worksamples/AC_Worksample_English_F.pdf
Accessed 15 October 2012
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Work samples for the Australian Curriculum – English

Work sample for Year 1
http://www.acara.edu.au/curriculum/worksamples/AC_Worksample_English_F.pdf
Accessed 15 October 2012
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Work samples for the Australian Curriculum - English

Work sample for Year 2
http://www.acara.edu.au/curriculum/worksamples/AC_Worksample_English_F.pdf
Accessed 15 October 2012
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Appendix E: Australian media and handwriting
Online Article 1 – accessed 5 May 2011, published August 1, 2009 (source:
http://www.watoday.com.au/wa-news/running-writing-consigned-to-blackboard-of-history-20090731e46t.html#ixzz1LSMsKLqO)
The death knell has tolled for running writing, with a Perth Hills primary school making printing its hand
writing of choice.
Chidlow Primary School principal Darrell Kent told Radio 6PR's Harvey Deegan that printing was already
the default option for most children when they took notes.
"We're teaching a form of printing rather than necessarily cursive hand writing," Mr Kent said. When adults
sit down and write or fill in forms it's always in printing rather than cursive hand writing."
A report penned by Chidlow Primary School reasoned that the "vast majority" of WA students from Year 6
to Year 12 print when presenting their work, taking notes and focusing on writing neatness.
The report said that running writing, otherwise known as Victorian Modern Cursive, was used by most
students only at school.
Printing also matched the format of computer keyboards, the report noted.
"The focus is on the educational side of the kids," Mr Kent said.
"This is a way that encourages people in spelling and other things as well."
Department of Education spokesman Andrew Thompson said his agency no longer required running
writing to be taught in West Australian schools.
Mr Thompson said Chidlow Primary's decision to make printing the handwriting of choice was made in
consultation with parents and teachers.

Online Article 2 – accessed 28 January, 2012

Good handwriting doesn‟t carry much kudos these days, when fewer and fewer pick up a pen.
Keyboards are our tool of choice.
I still can't but wonder at the education system that gave rise to the letter I have before me from
my 90-year-old aunt. Posted from Hobart a month ago, the copperplate handwriting is exquisite;
reflecting care, confidence and individuality.
But handwriting will eventually die out as a form of communication. It has to do so. The digital
natives simply won't comply with anachronistic practices that bear no resemblance to the world
they inhabit and create. Nor should they. The shift cannot come soon enough to my mind.
Handwriting is a hard sell to children these days. I know: I teach them. Increasingly, education
rightly requires even young children to be keyboard proficient. As The Weekend Australian
reported last weekend, even preschool children are using their fingers on a tablet screen rather
than drawing with crayons on paper.” (Christopher Bantick, opinion piece in The Australian
January 14, 2012 published online)
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Appendix F: Department of Education and Training
Handwriting Policy 2001
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Appendix G: Department of Education and Training
Handwriting Procedure 2009
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Appendix H: Case study of Sarah learning to write her
name described by McCarthy (1977)
Sarah, a 2 ½ year old child of college educated parents was presented as a case study for
how some children come to print by their name (McCarthy, 1977). Sarah became
interested in learning to write after she had learnt the names of all letters in her name
(SARH) from watching Sesame Street on television. Her parents had never taught her
formally. Following the introduction of the letter Q, she asked an adult to draw the letter
for her; she requested this several times before she attempted to do this herself. The first
attempt was somewhat uneven. She handwrote hundreds of Qs before she realized the
similarity with O. Sarah handwrote many notes and letters with series of O, Q in various
combinations. A month later when making lines and circles she recognised she had
made an A (it was half a circle with a line intersecting the middle).
Three months after recognising O, Sarah saw T on television and announced she could
make that. Her handwriting lacked coordination and it was sometimes difficult for
adults to read it, but Sarah consistently labelled it as T. Each time she displayed an
interest in a letter, her parents demonstrated both upper and lower case until a
preference was shown for one over the other. Upper case letters dominated, but some
such as 'i' may have been chosen as it was distinctive from its capital and the dot above
the letter always made with care. Other straight line letters followed L, H, F, E,
followed by lines and loops B, P, R. D, followed by V, U. Letter formations
demonstrated additional strokes and Sarah was 3 ½ years before she recognised
diagonal line in A and became to handwrite correct letter formation. She began to
confuse V and U at this stage. Because S was in her name, Sarah was highly motivated
to handwrite it, but was unable to perceive how to start it and always began with a
straight line before the curve. At 4 years, she asked adults to "start it", but she was
unsuccessful in its execution. Very frustrated by her attempts, she stated she would
never be able to (hand)write an S. Sarah was then given a sandpaper letter and
encouraged to trace her finger along it as well as an S adult handwritten model. After
ten tracings, she announced, "I did it!". Within a few weeks, she reverted to reversing
the S. Repeated tracing helped for a few days, but then she reverted to reversal S.
Although Sarah was highly motivated, this did not speed her acquisition to reproduce
the S correctly, but there were some letters she was able to write independently. When
adults would spell out words Sarah wanted to write, she had no difficulty with A, D but
needed help with Y.
Sarah learnt the letters of the alphabet in a distinctive pattern: circles (Q, O, A with
curves); straight lines (L, H, i, E, F); lines and loops (B, R, P, D, m, n); and diagonal
lines (K, W, X, M, N, A, V). The grouping of characteristics is thought to relate to the
distinctive features, that is the contrastive features of the letters (McCarthy, 1977 citing
Gibson and Levin, 1975). Sarah would ask adults to show her how to write a letter and
she would copy their handwritten form. If she was familiar with the letter, adults wrote
the letter in lower and upper case in the air as well as on paper. As she became more
familiar with the letter she needed fewer clues. In the next stage she used self talk to
help her to form the letters correctly. Sarah showed regressions in discriminating
between letters with similar features when she was learning new letters and each new
letter demanded immense concentration until the performance became routine.
"Sarah never associated any sounds to the letters other than the letters in her name,
(which) indicates that she did not see the relationship between (hand)writing and
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reading" (p. 281). She would 'read' her notes but the „words‟ did not correspond with
any of the written letters. "Understanding the sound-symbol relationship was not
necessary for Sarah to learn all the letters of the alphabet" (p. 282).
The complexity of organising a system for print, appropriating written language as an
object of knowledge, takes time. Children are interested in learning to print their name
because written language represents the name of the object (that is themselves),
therefore letters of the name are a property of them (Ferreiro, 1979). Children may print
their name yet not understand the alphabetic principle necessary for written language.
McCarthy (1977) divided Sarah's acquisition of letters into four stages: (i) a letter
model to be copied; (ii) more abstract means such as writing the named letter in the air,
aided recall; (iii) consistent verbal cues to form letters (that became internalized), and;
(iv) letter names enabled her to reproduce its graphic form. "A child is a learning
theorist who looks for relationships to develop a system of organisation" (p. 283).
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Appendix I: Five Little Monkeys
http://www.dltk-teach.com/t.asp?b=m&t=http://www.dltkteach.com/rhymes/monkeys/bposter.gif (downloaded 22 October 2012)
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Appendix J: Ethics Clearance from University of
Western Australia
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Appendix K: Department of Education and Training
Ethics Clearance
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Appendix L: Ethics Clearance from Catholic Education
Office of Western Australia
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Appendix M: Parent information letter
UNIVERSITY LETTERHEAD
Information Letter for Parents – Child Participation
Graduate School of Education
University of Western Australia
35 Stirling Highway
Crawley WA 6009
Date:
Dear Parent/Carer
Developing handwriting readability: The effects of automatic retrieval and
tracking progress during the acquisition phase
My name is Cornelia Staats and I am writing on behalf of the Graduate School of
Education at the University of Western Australia. I am conducting a research study into
children’s handwriting during early primary school. The aim of the research is to
measure how readable children’s handwriting is, and then see how it changes as their
handwriting skills develop. To do that, the first part of the study will be looking at the
handwriting of all the children in Year 1, 2 & 3. The second part of the study will be
following the Year 1 children through to the end of Year 2. The more we understand
about how children in early primary school learn handwriting, the better we will be at
teaching handwriting and providing extra support if needed. This is important because
poor handwriting puts children at a great disadvantage, mainly because handwriting is
used so often to assess their learning in other areas. The study is being conducted as
part of a PhD degree at the University of Western Australia, under the supervision of
Asst/Professor Sarah Hopkins.
I would like to invite your child to take part in the study. This is because we need
handwriting samples of many children to be able to make a reliable measure of
handwriting. [school] is one of seven schools in Western Australia approached for their
participation. Your child has also been provided with a letter from us that we encourage
you to discuss with him/her.
Participation in the study will involve your child completing four short handwriting tasks,
which their teacher will administer in class. Each task will take no more than 5-10
minutes. The tasks include (i) copying a sentence from a card on their desk, (ii)
copying a sentence from the board, (iii) taking dictation, and (iv) composing a text. I will
supply all the paper and pencils for the handwriting tasks.
If your child is in Year 1, their participation will involve them completing these
handwriting tasks twice in Year 1 and again in Year 2. This will help us to see how
children progress with handwriting in the early primary years. Your child will also be
asked to write out the alphabet letters in lower case. I will conduct this handwriting task
with your child’s class in the classroom with the teacher present. If your child is in Year
2 or 3 they will only be required to complete the handwriting tasks once.
Participation is voluntary and your decision will be respected. Your decision will not
affect your family’s relationship with your child’s teacher or the school. If a decision is
made to participate, it will need to be by [date] for your child to be included in the study.
Once a decision is made to participate, either you or your child can change your mind
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at any time. Some handwriting samples collected in Term 1 will be copied to be
exemplars for the measurement of handwriting called the Handwriting Readability
Scale. Exemplars are illustrations for different handwriting characteristics, for example,
how are the letters are formed or what is the spacing between the words like? The
exemplars for the Handwriting Readability Scale will be accessible to other people
using the scale at the end of the study, but no identifiable marks will be on the
exemplars. Since the study will take part during normal class time, another activity will
be arranged for the children not taking part.
The privacy and confidentiality of participants is assured. Information that identifies
anyone will be removed from the handwriting samples collected. The handwriting
samples are stored securely in a locked cabinet and can only be accessed by myself or
my supervisor. The handwriting samples will be stored for a minimum period of 5 years,
after which they will be destroyed by shredding them.
Participant privacy and the confidentiality of information disclosed by participants is
assured except in circumstances that require reporting under the Department of
Education and Training Child Protection policy, or where the research team is legally
required to disclose that information.
The handwriting samples will only be used for this study and will not be used in any
extended or future research without first obtaining explicit written consent from both
you and your child. The exemplars will form part of the handwriting readability
assessment and will be used in other studies.
It is intended that the findings of this study will be used to write my PhD thesis, which
will be examined by an external examiner. A summary of the research findings may be
requested on completion of the study. You can access this by contacting me directly. It
will become available in November 2011. I will also provide a summary of the findings
for inclusion in the school newsletter.
The research has been approved by the Human Research Ethics Committee of the
University of Western Australia RA/4/4/2599 and has met the policy requirements of
the Department of Education and Training. The Human Research Ethics Committee at
the University of Western Australia requires that all participants are informed that, if
they have any compliant regarding the manner in which a research study is conducted
it may be given to the researcher or, alternatively to the Secretary, Human Research
Ethics Committee, Registrar’s Office, University of Western Australia, 35 Stirling
Highway, Crawley, WA 6009 (telephone number 6488-3703).
All persons undertaking research activities on Department sites must complete a
Confidential Declaration. Also, under the Working with Children (Criminal Record
Checking) Act 2004, people undertaking research that involves contact with children
must undergo a Working with Children Check. Evidence that my check is current has
been provided to the Principal of your [school].
If you would like to discuss any aspect of this study please contact me on the number
provided below. If you wish to speak with an independent person about the conduct of
the study please conduct my supervisor, Asst/Professor Sarah Hopkins.
If you and your child are both willing for him/her to be involved, please complete the
Consent Form on the following page. Your child is also asked to complete the Consent
Form attached to his/her letter.
This project information letter is for you to keep.
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Cornelia Staats
PhD candidate
Graduate School of Education
University of Western Australia
Phone: 9474 1826
Email: cstaats@iinet.net.au

Asst/Professor Sarah Hopkins
Graduate School of Education
University of Western Australia
6488 2394
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Appendix N: Site manager information letter
UNIVERSITY LETTERHEAD
Information Letter for Department of Education and Training Site Manager
Graduate School of Education
University of Western Australia
35 Stirling Highway
Crawley, WA 6009
Date:
Dear [insert title & surname of site manager]
Developing handwriting readability: The effects of automatic retrieval and
tracking progress during the acquisition phase
My name is Cornelia Staats and I am writing on behalf of the Graduate School of
Education at the University of Western Australia. I am conducting a research study into
children’s handwriting during the early primary school. The aim of the research is to
measure how readable children’s handwriting is, and then see how it changes as their
handwriting skills develop. To do that, the first part of the study will be looking at the
handwriting of all the children in Year 1, 2 & 3. The second part of the study will be
following the Year 1 children through to the end of Year 2. The more we understand
about how children in early primary school learn handwriting, the better we will be at
teaching handwriting and providing extra support if needed. This is important because
poor handwriting puts children at a great disadvantage, mainly because handwriting is
used so often to assess their learning in other areas. The project is being conducted as
part of a PhD degree at the University of Western Australia, under the supervision of
Asst/Professor Sarah Hopkins.
I would like to invite [insert Department site] to take part in the project. This is because
the handwriting scale needs to include handwriting from a diverse group of students.
[name of site] is one of seven schools in Western Australia approached for their
participation.
What does participation in the research project involve?
I seek access to all Year 1, 2 and 3 students and their teachers in 2010 and I would
like to track the same Year 1 students when they move to Year 2 in 2011.
The teachers will be invited to participate by administering four handwriting tasks in
class, each on consecutive days, at the end of Term 1 and Term 3. Each task will take
no more than 5-10 minutes. The tasks include (i) copying a sentence from a card on
their desk, (ii) copying a sentence from the board, (iii) taking dictation, and (iv)
composing a text. I will supply all the paper and pencils for the handwriting tasks.
If the children are in Year 1, their participation will involve them completing these
handwriting tasks twice in Year 1 and again in Year 2. This will help us to see how
children progress with handwriting in the early primary years. The children will also be
asked to write out the alphabet letters in lower case. I will conduct this handwriting task
with the children in the classroom with the teacher present. If the child is in Year 2 or 3
they will only be required to complete the handwriting tasks once.
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I will keep the [school]’s involvement in the administration o the research procedures to
minimum. However, it will be necessary for the [school] to send home with students the
information letters and consent forms for students and their parents.
To what extent is participation voluntary, and what are the implications of
withdrawing that participation?
Participation in this research project is entirely voluntary.
If any member of a participant group decides to participate and then later changes their
mind, they are able to withdraw their participation at any time. Some handwriting
samples collected in Term 1 will be copied to be exemplars for the measurement of
handwriting called the Handwriting Readability Scale. Exemplars are illustrations for
different handwriting characteristics, for example, how are the letters are formed or
what is the spacing between the words like? No identifiable marks will be on the
exemplars but the exemplars used for the Handwriting Readability Scale will be
accessible to other people at the end of the study. The handwriting samples will only
be used for this study and will not be used in any extended or future research without
first obtaining explicit written consent from both the parent and the child.
There will be no consequences relating to any decision by an individual or the [school]
regarding participation, other than those already described in this letter. Decisions
made will not affect the relationship with the research team or the Graduate School of
Education, University of Western Australia.
What will happen to the information collected, and is privacy and confidentiality
assured?
Information that identifies anyone will be removed from the data (i.e., handwriting
samples) collected. The data is then stored securely in a locked cabinet and can only
be accessed by myself or my supervisor. The data will be stored for a minimum of 5
years, after which it will be destroyed. This will be achieved through shredding the
handwriting samples.
The identity of participants and the school will not be disclosed at any time, except in
circumstances that require reporting under the Department of Education and Training
Child Protection policy, or where the research team is legally required to disclose that
information. Participant privacy, and the confidentiality of information disclosed by
participants, is assured at all other times.
The data will be used only for this project and will not be used in any extended or future
research without first obtaining explicit written consent from participants.
Consistent with Department of Education and Training policy, a summary of the
research findings will be made available to the participating site and the Department.
You can expect this to be available in November 2011.
Is this research approved?
The research has been approved by the Human Research Ethics Committee of the
University of Western Australia RA/4/1/2599 and has met the policy requirements of
the Department of Education and Training as indicated in the attached letter.
Do all members of the research team who will be having contact with children
have their Working with Children Check?
Yes. The document attached to this letter provides current evidence of my check.
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Who do I contact if I wish to discuss the project further?
If you would like to discuss any aspect of this study with a member of the research
team, please contact me on the number provided below. If you wish to speak with an
independent person about the conduct of the project please conduct my supervisor,
Asst/Professor Sarah Hopkins.
The Human Research Ethics Committee at the University of Western Australia requires
that all participants are informed that, if they have any compliant regarding the manner
in which a research project is conducted it may be given to the researcher or,
alternatively to the Secretary, Human Research Ethics Committee, Registrar’s Office,
University of Western Australia, 35 Stirling Highway, Crawley, WA 6009 (telephone
number 6488-3703). All study participants will be provided with a copy of the
Information Sheet and Consent Form for their personal records.
How do I indicate my willingness for the [school] to be involved?
If you have had all questions about the project answered to your satisfaction, and are
willing for the [school] to participate, please complete the Consent Form on the
following page.
This information letter is for you to keep.

Cornelia Staats
PhD candidate
Graduate School of Education
University of Western Australia
Phone: 9474 1826
Email: cstaats@iinet.net.au

Asst/Professor Sarah Hopkins
Research Study Supervisor
Graduate School of Education
University of Western Australia
6488 2394

309

Appendix O: Parent consent form
UNIVERSITY LETTERHEAD
Consent Form for Parents – Child Participation

I have read and understood the information letter about the study, or have had it
explained to me in language I understand.
I have taken up the invitation to ask any question I may have had and am satisfied with
the answers I received.
I understand that participation in the project is entirely voluntarily.
I am willing for my child to become involved in the study, as described.
I have discussed with my child what it means to participate in this study. He/she has
explicitly indicated a willingness to take part, as indicated by his/her completion of the
child consent form.
I understand that both my child and I are free to withdraw that participation at any time
without affecting the family‟s relationship with my child‟s teacher or my child‟s school.
I understand that some samples of handwriting collected in Term 1 will be copied to be
exemplars to make the Handwriting Readability Scale and will be available to others. I
understand that no identifying marks of any kind will be on the exemplars.
I give permission for the contribution that my child gives to this research to be
published in an academic journal, provided that my child or the school is not identified
in any way.
I understand that I can request a summary of findings after the research has been
completed.

Name of Child (printed):

_____________________________

Name of Parent (printed):

_____________________________

Signature of Parent:

_____________________________ Date: /

/
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Appendix P: Child information letter
UNIVERSITY LETTERHEAD

Information sheet for Young Children
Hello
My name is Cornelia. I have a project that you might like to help
me with.
The project is about getting to know how children learn their
handwriting so they can copy from their books, copy from the
board, take dictation from the teacher, and write their own
stories.
Would you like to help me by doing some handwriting? The
teacher will tell your class when it’s time to do them.
If you want to stop at anytime, that’s OK, you can.
I won’t tell anyone what you say while helping me with the
project unless I need to tell someone like your teacher.
Your parents, or the person who looks after you, has talked with
you about helping with the project.
If you would like to help with the project, please draw a circle
around the thumb that points up on the next page.
If you don’t want to help with the project – that’s OK too.

Cornelia Staats
PhD candidate
Graduate School of Education
University of Western Australia
Phone: 6488 2399
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Appendix Q: Child consent form

UNIVERSITY LETTERHEAD
Consent Form for Young Children
I know I have a choice whether or not I want to do this
project
I know that I can stop whenever I want
I know that I will be doing handwriting
I know that I need to draw a circle around the thumb that
points up on this page before I can help with the project.

YES
I would like to help with
the project

NO
I do not want to help with
the
project

Name of child: ____________________Today’s Date:

/

/
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Appendix R: Handwriting Test A
STANDARD INSTRUCTIONS FOR HANDWRITING LEGIBILITY SCALETEST A
Materials:
Standard 18mm lined paper
Standard HB pencil (use in format that children are typically using in your classroom)
Lines on Whiteboard/Blackboard for far-point copying or Write-On
Administration schedule
Administer the three tasks on three consecutive days.
Far-point copying
A quick brown fox jumps over the lazy dog
The sentence is written on the board (on the line) before the task is administered. The
paper and pencils are distributed. State: Now look at the sentence on the board. It
says “A quick brown fox jumps over the lazy dog”. You are going to copy the
sentence and write it on your paper. If you make a mistake, you can correct it. I
will tell you when you can stop writing. When I say stop you have to put your
pencils down and your hands on head. Are you ready to begin? You can start
writing now. Time the children for 3 minutes. State: Stop writing now. Hands on
head. Well done. Now, put your name at the bottom of the paper.
For year 2 and year 3 children, add statement: If you have finished copying the
sentence once, write it again until I tell you to stop.
Dictation
We had a lot of help from Mum and Dad to cut the tree.
The paper and pencils are distributed. State: Now, we will do some different writing.
I will say aloud a sentence and you will write the words on your paper. Are you
ready? Recite the sentence in full. Then, recite the sentence at a pace responsive to
the speed at which the majority of the children write the words. Do not provide
additional information such as where to put capital letters, spaces between words,
and/or full-stops. Stop reciting when the majority of children have finished. State: Well
done. Put your name at the bottom of the paper.
Composition
(Topic) My Family
The topic is introduced. State: Today you are going to write about your family. Tell
me what you will write. Allow short discussion for 2 -3 minutes. State: Now you can
write about your family. We will all start writing together. I will tell you when you
can stop writing. When I say stop you have to put your pencils down and your
hands on head. Distribute paper and pencils. State: Are you ready? You can start
writing now. Time the children for 7 minutes. State: Stop writing now. Hands on
head. Well done. Put your name at the bottom of the paper.
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Appendix S: Handwriting Test B
STANDARD INSTRUCTIONS FOR HANDWRITING LEGIBILITY SCALE- TEST B
Materials:
Standard 18mm lined paper
Standard HB pencil (use in format that children are typically using in your classroom)
Lines on Whiteboard/Blackboard for far-point copying or Write-On
Administration schedule
Administer the three tasks on three consecutive days.
Far-point copying
The five boxing wizards jump quickly
The sentence is written on the board (on the line) before the task is administered. The
paper and pencils are distributed. State: Now look at the sentence on the board. It
says “The five boxing wizards jump quickly”. You are going to copy the sentence
and write it on your paper. If you make a mistake, you can correct it. I will tell you
when you can stop writing. When I say stop you have to put your pencils down
and your hands on head. Are you ready to begin? You can start writing now.
Time the children for 3 minutes. State: Stop writing now. Hands on head. Well done.
Now, put your name at the bottom of the paper.
For year 2 and year 3 children, add statement: If you have finished copying the
sentence once, write it again until I tell you to stop.

Dictation
Mum and Dad gave us a lot of help to cut the tree.
The paper and pencils are distributed. State: Now, we will do some different writing.
I will say aloud a sentence and you will write the words on your paper. Are you
ready? Recite the sentence in full. Then, recite the sentence at a pace responsive to
the speed at which the majority of the children write the words. Do not provide
additional information such as where to put capital letters, spaces between words,
and/or full-stops. Stop reciting when the majority of children have finished. State: Well
done. Put your name at the bottom of the paper.
Composition
(Topic) My School
The topic is introduced. State: Today you are going to write about your school. Tell
me what you will write. Allow short discussion for 2 -3 minutes. State: Now you can
write about your school. We will all start writing together. I will tell you when you
can stop writing. When I say stop you have to put your pencils down and your
hands on head. Distribute paper and pencils. State: Are you ready? You can start
writing now. Time the children for 7 minutes. State: Stop writing now. Hands on
head. Well done. Put your name at the bottom of the paper.
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Appendix T: Rubric HLS
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Appendix U: Response Categories of the Handwriting
Legibility Scale
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Appendix V: Handwriting samples of the Longitudinal
Study
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330

331

332

333

334

335

Appendix W: Errors in the Alphabet Task and changes from Year 1 to Year 2
Change in reversals expressed as percentages
%

a

b

c

d

AT
-10
AT
-11

1

9

2

8

5

e

f

g

10

6

5

3

h

i

j

k

l

6

1

44

3

2

34

5

5

m

n

o

1

p

q

1

2

3

11

r

s

t

u

v

w

x

2

y

z

1

9
14

Change in additional strokes expressed as percentages
%

a

b

c

d

e

f

g

h

i

j

k

l

m

n

o

p

q

r

AT
-10
AT
-11

10

7

1

13

1

5

11

9

1

3

8

3

4

3

3

3

1

7

5

10

2

7

15

7

2

5

2

7

5

10

10

7

s

t

u

v

2

1

1

w

x

y

z
2

336

Change in incomplete letters expressed as percentages
%

a

b

AT
-10
AT
-11

2

5

4

4

c
1

d

e

14

5

15

1

f
4

g

h

i

j

k

l

m

n

o

p

q

r

14

5

2

5

21

5

2

7

2

2

2

2

12

3

9

6

4

1

3

3

15

s

t

u

v

w

x

y

z

2
3

3

4

4

If the script was VMC (determined by the appearance for the rest of alphabet) then missing entry and exit strokes counted as incomplete strokes. If letters required strokes to be
touching (k, x) and they were not, this was counted as incomplete. If letter was ambiguous because the stroke did not extend far enough, this was counted as an error. Incomplete
letters were of interest because most letters displayed incomplete strokes in Year 2, which is counterintuitive if handwriting is expected to improve. Incomplete letters were not
necessarily illegible but appeared to be due to lack of care or interest.

Changes in substituted capital letters expressed as percentages
%

a

b

c

d

e

f

g

h

i

j

k

l

m

n

o

p

q

r

s

t

AT
-10
AT
-11

7

11

1

8

6

10

7

8

2

4

1

3

7

3

1

4

6

3

1

3

6

5

2

3

4

6

6

7

2

3

1

4

5

2

1

10

18

3

3

u
1

v
1

w

x

y

1

1

1

1

2

2

z
2

The letter „p‟, „i‟ was counted as a capital if the rest of the alphabet was VMC. The letter „c‟, „o‟, „s‟ was counted as a capital letters if letters immediately before and after were also
capital letters.
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Appendix X: Additional strokes on the Alphabet Task
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Appendix Y: Incomplete letter formations of the
Alphabet Task
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Appendix Z: Item 9 copying space in word – tailored
design HLS
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