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ABSTRACT
Amy Childress: Understanding Writing Problems in Young Children: Contributions of
Cognitive Skills to the Development of Written Expression

(Under the direction of Dr. Barbara H. Wasik and Dr. Stephen R. Hooper)

While several models of adult writing have been proposed and studied, the
development of writing skills in young children has only recently garneteaqtiat.
Using measures of fine-motor, language, working memory, and attention/executive
functions, the current study explored motor and cognitive skills that may contribute to
writing skill in first grade.

Structural equation modeling techniques were used to examine the Not-So-Simple
View of Writing. This study addressed the following questions: (a) do the oagnit
variables represented in the Not-So-Simple View of Writing contribute t@éseration
of students in first grade; (b) do demographic variables contribute to text gemexfati
students in first grade; and (c) is there a hierarchy of predictive poweatof end
cognitive skills for text generation of children in first gradé® structural equation
modeling techniques did not result in interpretable findings due to the covariance model
being underidentified and nonpositive definite.

Since structural equation modeling techniques did not result in interpretable
findings, analysis of variance methods were used as an alternative metkplbte the
contributions of motor and cognitive skills to writing skill in first grade. Altaueat

guestions asked: (a) do students at-risk for writing problems differ from liypica



developing students on the motor and cognitive components of fine-motor skills,
language skills, attention/executive functioning skills, and working memdty; siad
(b) are fine-motor skills, language, working memory, and attention/executivedisc
predictive of writing skill for children in first grade?

Results showed differences on measures of fine-motor skills (dominant hand
dexterity), language (rapid letter naming and orthographic processing)ng/anemory
(nonverbal and verbal), and attention/executive functions (word retrieval, planning, and
inhibition of response). Results of the logistic regression analysis indibateithé motor
and cognitive variables were predictive of text generation performance.

Findings from the analysis of variance methods suggested that fine-motor,
language, working memory, and attention/executive functions can be used ty identif
children who are at-risk for writing problems. This evidence could be used to develop
early writing assessments or target interventions for writing deveopraimitations

and suggestions for future research are discussed.
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CHAPTER |
INTRODUCTION

As humans have evolved, so has the complexity of their writing systems. Early
writing systems were ideographic, using pictures and easily recogngahbols. Then
logographic systems using written signs to represent each actual spoklesvolved.

The next evolution was syllabic systems, using written signs to reprefiabtesynits.

The most recent evolution was the alphabetic system, the one most languagdayuse t
(Leonard, 2001). In the United States, our system of written expression, an afphabeti
system, is based on a phonological code of sound symbol relationships and is governed
by rules and principles that allow us to communicate effectively with eaeh. @ts in
Mesopotamia and nearly all civilizations since then, writing is an esstlalsed to

organize and manage not only monetary matters, but also our thoughts and opinions, our
workday and personal lives, and even to entertain ourselves and others.

Reading education has garnered a lot of attention in the last few decades. The
assurance that all children leave school with the ability to read is ess@tidéserves
attention, but we must be able to write competently in order to respond to what is read
and to demonstrate knowledge on a given subject (Hooper, 2002). Writing is incorporated
into almost all subjects in school. In later grades, students are often tpeghts of
how to write for different academic areas, such as scientific writiolege and
scholarship applications require essays that often weigh significamtt@ptance or

awarding of scholarships.



Lerner (1976) proposed that writing difficulties were the most prevalent
communication disability. Data from both research and national statisticssstiyfe
writing problems in early elementary education are pervasive. Berrangdtart (1992)
reported that of the 300 primary school children included in their study 1.3% to 2.7% had
problems with handwriting, 3.7% to 4% had problems with spelling, and 1% to 3% had
problems with written narratives. Hooper et al. (1993) found significantly highes of
text generation problems in a large epidemiological sample of middle schoehts,
with rates ranging from 6% to 22% depending on region of the country, gender, and
ethnic status. The National Center for Education Statistics reported thatbanily28%
of fourth graders write at a proficient level or above, 58% write at a leasl; and 14%
write below basic level (NCES, 2003). Over the past few years writingrceseas
shown that children have trouble with the writing process from the time they begin
writing in early elementary school to later in their academic cardersng identified
this problem, the question becomes how to solve it. The first step in solving the problem
is having an understanding of the writing process and what factors affeagwrit

Research on the writing process has revealed that, quite frankly, learmmitet
is hard. It is a complex process incorporating many different cognitive skitking
simultaneously and in a coordinated effort to produce understandable written output.
Skills ranging from those needed for low level transcription skills, highekr leve
composing abilities (Gregg & Mather, 2002), and the overall organization and regulation
of all of these skills are needed to produce a written product. Even at the begiagey s
of writing a lot of cognitive demands are placed on children. They have to be able to

generate ideas, organize ideas, and translate those ideas onto paper usingihiertonve



of English writing. Given the great complexity of writing, it is, as Siraged Bashir
(2004) observed, perhaps more surprising that there are children who do not have
problems with writing.

Early writing research focused on the method of adult skilled writing (Bgeni
1996). Several theoretical models have been proposed to explain and organize the
cognitive functions involved in writing (Ellis, 1983; Kellogg, 1996; Roeltgen, 1985). One
of the most recognized and influential models was developed by Hayes and Flower
(1986) and then later revised by Hayes (1996, 2000). The Hayes and Flower cognitive
model of writing has been influential in the field of written expression; howettés, i
work has been done to see how the model works for elementary students who are just
beginning to develop writing skills.

In the last few decades research interests have moved to questions of the normal
process of writing acquisition. The initial focus on adult skilled writing has begsimift
to the developmental processes involved in learning to write (Berninger, 1996). The
increased demands of educational accountability and increased funding tohre$keats
in literacy skills have contributed to this increase in interest. This siévwsand our
understanding of the development of written expression in the early elemeihiaol sc
years is in its infancy (Edwards, 2003; Graham & Harris, 2005). Berninger and
colleagues (2003, 2006) have developed a contemporary model of written expression
based on the research they have conducted with elementary age children. They have
expanded Juel, Griffith, and Gough’s (1986) Simple View of Writing model (Berninger

& Amtmann, 2003; Berninger & Winn, 2006).



The three major components of the model are transcription, executive functions,
and text generation. Transcription encompasses handwriting or letter production and
spelling or word production. Executive functions necessary for writing include pganni
monitoring, and revising. Text generation refers to the main writing galédieginning
writer; which occurs at the word, sentence, and text levels. The Simple Vidnitofg
suggests that transcription skills and executive functions support text genaration i
environment of working memory (Berninger & Amtmann, 2003).

In 2006, Berninger and Winn made modifications to the Simple View of Writing
resulting in the Not-So-Simple View of Writing. Findings from the application @hbr
scanning technology to the study of adult and developing writers contributed to the
changes made in the model. The structure of the model remained the same; however,
additions were made to the concepts of working memory and attention reflecasgper
understanding of these concepts and their role in written expression. In the Not-So-
Simple View of Writing, working memory activates long-term memory during phani
composing, reviewing, and revising. Short-term memory is activated by worldnmgpm
only during reviewing and revising. The Not-So-Simple View of Writing doeserto
define the role of supervisory attention as a system that focuses attentiowtwaders
to stay on task and switch between mental states as they write.

These models of writing provide a framework in which to think about the
developing writer. Each model represents an evolution in our understanding of the
process of writing. The structure and the elements within the writing mealelse used
as a starting point in understanding how a good writer is able to produce writing and

exploring where weaknesses in the structure or elements contribute to prokiems wi



writing. During the initial stages of writing development, children wilcbastrained by
factors related to graphomotor output (the physical act of letter formati@myory for
letters and words, emergent working memory capacities, and linguistiaildagsa
(Berninger & Winn, 2006; Berninger et al., 1992). In order to become efficientsyriter
children must first master transcription skills so that lower level @&sijisuch as,
forming letters and using correct spelling and structural forms becomeatittom
Automaticity with these skills frees up working memory and cognitiveggrier the
more demanding executive function tasks (Bruning et al., 2004). In order to develop
automaticity, children need repetition and practice. For the majority of childriéicjent
transcription skills will have developed by the middle of elementary schoohitaoi
point writing development progresses with increased focus on text generation and
attention to executive functions.
Current Study

The current study examined the early stages of writing development lsgiagse
and evaluating the motor and cognitive skills contained in the Not-So-SimpleoView
Writing that contribute to the written expression of children in first grada Dere
collected from a sample of first graders enrolled in a single school disthidrth
Carolina. A battery of standardized cognitive and achievement tests wasshel®d to
the participants during their first grade year. The data werezathtyg explore the
differential contribution of the motor and cognitive variables representée iNdt-So-

Simple View of Writing to written expression in first grade.



Statement of Purpose

This study looked closely at the process of writing during early develdpiitee
motor and cognitive skills that have been shown to contribute to writing development
were examined within a developmental model of writing, the Not-So-Simple i
Writing. The study served to both further understanding of what motor and cognitive
skills contribute to the writing process at the beginning of writing (firsdegrand how
those skills differentially contribute to the process.

Questions and Hypotheses

Question 1

Do the motor and cognitive variables represented in the Not-So-Simpléew
of Writing contribute to text generation of students in first grade?
Hypothesis 1-11t is hypothesized that the fine-motor variable will contribute to text
generation for children in first grade.
Hypothesis 1-2it is hypothesized that the language variable will contribute to text
generation for children in first grade.
Hypothesis 1-3lt is hypothesized that the attention/executive function variable will
contribute to text generation for children in first grade.
Hypothesis 1-4it is hypothesized that the working memory variable will contribute to
text generation for children in first grade, as well as mediate the comnhoitfine-
motor, language, and attention/executive functions.
Question 2

Do demographic variables contribute to text generation of students in fits

grade?



Hypothesis 2-1lt is hypothesized that gender will contribute to text generation for
children in first grade (Berninger & Fuller, 1992; Hooper et al., 1993; NCES, 2003).
Hypothesis 2-2It is hypothesized that race will contribute to text generation for children
in first grade (Berninger & Fuller, 1992; Hooper et al., 1993; NCES, 2003).
Hypothesis 2-3lt is hypothesized that socioeconomic status (SES), represented by
mother’s education, will contribute to text generation for children in first grade
Question 3

Is there a hierarchy of predictive power of motor and cognitive skills for éxt
generation of children in first grade?
Hypothesis 3-1lt is hypothesized that the fine-motor variable will contribute more to
text generation than the attention/executive function variable.
Hypothesis 3-2:lt is hypothesized that the language variable will contribute more to text

generation than the attention/executive function variable.



CHAPTER Il
LITERATURE REVIEW
Introduction

The study of the cognitive processes of writing does not have a long histibry, wi
interest from researchers, clinicians, and school personnel arising onlyastthed to
three decades (Hooper, 2002). The development of writing skills in elementary school
has an even shorter timeline with our understanding of the factors contributingtiéo wri
expression in young children still in its infancy (Edwards, 2003; Graham & H2005).
To extend our knowledge in this area, this study has focused on understanding written
expression in early elementary school children. The Not-So-Simple Vigwibhg
(Berninger & Winn, 2006) provided a structure to explore the cognitive factors that
contribute to writing skills of first grade students. In the following liteeaterview
models that contributed to the formulation of the Not-So-Simple View of Wraiag
examined as well as research on the cognitive components in the Not-So-@emp e
Writing and their link to written expression. Previous research on the chasticsent
poor writers is also reviewed.

Models

Hayes and Flower (1980)

During the 1970s the assessment of writing began to change from analksis of t
products of writing to analysis of the process of writing. Prior to the processment,

writing was judged solely on the correctness of the completed text. The process



movement, grounded in cognitive research, suggested that writing should be looked at as
a process from the point of assignment to final draft (Hayes & Flower, 1986sRay

Flower, 1987). A cognitive based process approach to writing research focuses on the
connections among thinking, learning, and writing (Hayes & Flower, 1986; Hayes &
Flower, 1987) and attempts to construct a model of how these elements work together as
a person writes.

In 1980, Hayes and Flower proposed a conceptual model of writing as a problem-
solving process, based on their cognitive approach to writing research. Their model
became the most recognized model of writing. This model was developed using protocol
analysis with skilled adult writers. Protocol analysis had previously beenaiskshtify
processes in problem solving tasks (Hayes & Flower, 1980). In the Hayes and Flower
study, adult writers were asked to describe the activities they engeagedhey
completed an expository writing task. The writers’ descriptions werezathtyp see if
the process the writers used matched the proposed model. The model was a product of
two years of analyzing a number of writing protocols (Hayes & Flower, 1980)

The Hayes-Flower Model, (Figure 1), identified the writing proces®ak g
directed and recursive. They proposed three elements to the writing prosless: ta
environment, writer’s long term memory, and the writing process. Task enarmdnm
includes all of the pieces of the writing process that are external to tiee, \such as, the
framework of the task, the topic and the intended audience, and resources fotethe wri
such as, notes and previous drafts. The writer’'s long term memory provides irdarmat
for content and for discourse processes. Writers must have sufficient knowtbedge a

the topic they are writing about (content knowledge) in order to generate idegs. Lon



term memory also holds discourse process knowledge. Discourse process knowledge is
information about the process of writing; such as, audience design, mechanidsgf wri
and structures of different forms of written text. Procedural and deckakatowledge

are also held in long-term memory and are essential to writing. Procedurdédigevs
information about how to write: how to form letters and words, how to construct
sentences and paragraphs, how to edit, etc. Declarative knowledge is information about
what to write; i.e., the factual knowledge about a subject. The task environment and
writer’'s long term memory are the context in which the model works (Haydswer,

1980).

TASK ENVIRONMENT

Writing Text
Assignment Production
topic
audience
motivatina cue
A
\ 4
COGNITIVE WRITING PROCESSES ¥
Planning Translating Revision
-idea -text
generation generation Re%ding
-organizing
- goal setting Editing
A
THE WRITER'S v

LONG-TERM MEMORY

Knowledge of the topic
Knowledge of the Audience
Stored Writing Plans

Figure 1. The Hayes-Flower Model (Hayes & Flower, 1980)
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The writing process consists of three major processes: planning, trapsiad
reviewing. Planning includes generating ideas, organizing, and goal sétiang
translating process uses the writing plan to generate text that corresptinds wi
information in the writer's memory. Reviewing includes reading and editingjngds
an automatic process that can interrupt other processes as the writerzespgtential
errors or unclear writing. Reviewing only happens when a writer decides to
systematically evaluate their written product (Hayes & Flower, 1980).

Hayes Model (1996)

The model Hayes presented in 1996 was a reaction to research findings that had
accumulated over the years since the Hayes-Flower Model had been presented. He
suggested that this model was just another step in finding a model that explaimeg writ
and intended for the model to continue to be adapted as new discoveries were made
(Hayes, 1996). The Hayes Model can be described as an individual-environmental model
rather than a social-cognitive model as all the elements that effect grattanpting can
be placed in the realm of the task environment or the individual (Hayes, 1996).

The Hayes Model (Figure 2) varies in four major ways from the HayeseFlow
Model. First, the inclusion of and emphasis on working memory as a key player in the
individual's writing process. Second, the model recognized the importance of visual-
spatial representations in writing (i.e., graphs, tables, and diagrams) tbédelpter
convey meaning to the reader. Third, the model included the writer's motivation and
affect among the elements that support the individual in the writing procedy, Fivex
revised model reorganized the cognitive process section to align with nencheda the

cognitive process section planning and translation were included under more general

11



labels of reflection and text production, respectively; and revision was replaoetiyent
by text interpretation (Hayes, 1996). These changes in cognitive processtiescore

general categories that have more flexibility to define the complexgz®s¢hat support

writing.
THE TASK ENVIRONMENT
The Social Environment The Physical Environment
- The text so far
The audince < >
The composing medium
Collaborator
A A
A v
THE INDIVIDUAL
MOTIVATION/AFFECT COGNITIVE

A
A 4

PROCESSES
Goals

Text Interpretatio

Predispositior WORKING MEMORY

Reflectior

&
AN

Phorological Memon

Beliefs and Attitude

Visual/Spatial Sketchpi Text Productio

Cost/Benefit Estimat:

Semantic Memot

A

v
LONG-TERM MEMORY

Task Schem:

Topic Knowledar

Audience Knowledo

Linguistic Knowledaq

Genre Knowledc

Figure 2. The Hayes Model (Hayes, 1996)
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Working memory is where the major cognitive activity of writing takesela
This is where all the elements from long-term memory (content knowledgesmodidie
process knowledge), external information about the writing assignment, andmewtc
knowledge that has not yet made its way into long-term memory, come together and are
integrated to produce the physical product of the written text. Working men®egy ha
limited capacity; only so much information can be held and manipulated in working
memory at one time. Creating automaticity through repetition frees up “cagsgace”
for more complex processes in working memory. In writing, the automatiditywhich
we form letters and words makes room in working memory for consideration of gontent
organization, and the recursive aspects of producing a written product.

A major revision in the Hayes Model is the revamping of the cognitive processes
section. The section now includes text interpretation, reflection, and text produetn. T
interpretation includes cognitive processes such as reading, listeningteapceiing
graphs or diagrams to create internal representations of the linguisticaghecgnputs
(Hayes, 1996). Reflection encompasses the cognitive processes of probleq), solvi
decision making, and making inferences to use the internal representation from text
interpretation and produce other internal representations through integration astanal
(Hayes, 1996). Text production is the process by which the internal representations
created in text interpretation and reflection are turned into written, spokempbiagr
output (Hayes, 1996).

The revision of the Hayes-Flower Model by Hayes expanded the model and
aligned it with research findings from the sixteen years since the dmgotel was

proposed. The revised model continues the focus on adult expert writing. While it is

13



important to understand the final result of developing writing skills in the forrduwf a
writing, the process of development of writing skills can not be understood as simply a
less complex version of adult writing (Berninger, 1996).
Juel, Griffith, and Gough Simple View of Writing

In the late 1980s, Juel, Griffith, and Gough proposed the “simple view of reading
and writing” to explain the development of these skills in elementary school childre
They conducted a longitudinal study with children in first through fourth gradestto te
the model. The researchers suggested as simple a model as they felt couldlexpla
processes of reading and writing in an effort to see how far it would take theynal$be
suggested that simple models have the advantage of being easy to break epavhtat s
elements work and what elements are incorrect or should be modified (Juéh Xiff
Gough, 1986).

Their simple view of writing proposed that writing is composed of spelling and
ideation. While they acknowledge that each of these processes is complex ttthey fel
the two processes encapsulated what it takes to write. The model suggested that ciphe
knowledge, which they use to refer to the set of spelling-sound correspondence rules of
the language, and lexical knowledge contribute to spelling ability. Phonemiereesar
which is influenced by ethnicity and oral language ability, contributes to cipher
knowledge. Exposure to print also contributes to cipher and lexical knowledge. Ideation
is not outlined further in this model and is an area that is open to further investigation
(Juel, Griffith, & Gough, 1986).

Results from their longitudinal study suggested that spelling had the most

influence over writing in first grade. As the children got older, ideation beeangger
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factor. Word-level skills such as decoding and spelling were influentiakingfiade
writing, but as these skills became more automatic in later grades highepracksses,
such as idea generation, held more influence over writing success. An additional finding
of interest was that idea generation contributed to successful writing over@relthe
influence of 1Q and oral language proficiency (e.g., listening compremgr{duel,
Griffith, & Gough, 1986; Juel, 1988).
Berninger and Colleagues Simple View of Writing

In 1996, Berninger and colleagues proposed seven modifications to the Hayes-
Flower Model of the writing process that would allow the model to address beginning
and developing writing. The modifications included: (1) translation is compriséeé of t
two separable components of text generation and transcription which may develop at
different rates; (2) translation is affected by individual differencesahlanguage and
levels of written language; (3) planning and reviewing have temporal and spatia
dimensions; (4) the skills of planning, translating, and revising emerge stistdiyna
during the development of writing skills; (5) developing writers’ metadamrs about
writing are not organized around the three processes in the Hayes-Flower (@pdel;
working memory should be included in the model; and (7) gender differences in writing
affect transcription more than translation (Berninger, 1996; Berninger £086;
Swanson & Berninger, 1996). The addition of working memory was part of the Hayes
Model; however, other suggested modifications were not incorporated as they apply onl
to the development of writing skills and not adult writing skills.

The proposed modifications fall into two main categories that help to summarize

the differences between adult writing and the process of developing writilsy Gkik
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category is that the cognitive processes necessary for writing dd eoteabe or

develop at the same rate. Planning, translating, and revising develop aloogvthe
trajectories and are not always balanced at a given time in developmentcdhd s
category is that there are additional cognitive processes and sub-proxgsagtined in
the Hayes-Flower Model that affect developing writing. An important additidreis t
distinction between text generation and transcription under the heading oftibansla
Text generation is the ability to translate ideas into a linguisticseptation in memory.
Transcription is the ability to create written symbols to signify itguistic
representation in memory. As with planning, translating, and revising, these sag@®c
of translation may develop at different rates. This results in children who have good
ideas, but lack the ability to effectively convey them in writing, or children who have
good transcription skills, but have trouble coming up with things to write (Swanson &
Berninger, 1996).

In order to fully encapsulate the development of writing skills in children,
Berninger and colleagues (2002) proposed the revision of the Simple View of Writing
(Figure 3) which incorporates research from the fields of education, @ygditiguistics,
child development, and neuropsychology. The three major components of the model are:
transcription, executive functions, and text generation. Transcription encompasses
handwriting or letter production and spelling or word production. Executive functions
necessary for writing include planning, monitoring, and revising. Text gemerafiers
to the main writing goal of the beginning writer; which occurs at the wontgsee, and
text levels. The Simple View of Writing suggests that transcription slallsexecutive

functions support text generation in an environment of working memory, which
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coordinates the contributions of short-term and long-term memory. In eagybssbf
development, transcription plays a larger role in text generation. As childreliggt
many transcription skills become automatic and executive functions begin toltéagera

role in the writing process (Berninger & Amtmann, 2003).

TEXT GENERATION
words, sentences, discourse

WORKING MEMORY
Activates
long-term memory (composing) &
short-term memory (reviewing)

TRANSCRIPTION EXECUTIVE FUNCTIONS
handwriting, conscious attention, planning,
keyboarding & spelling reviewing, revising, strategies

for self-regulation

Figure 3. The Simple View of Writing Model (Berninger & Amtmann, 2003)

Berninger and Winn (2006) Not-So-Simple View of Writing

The development of brain scanning technology starting in the 1980s has
contributed to writing research by being applied to the study of adult waiteliso a
lesser extent, developing writers. An accumulation of findings from brainngnag
technology led to Berninger and Winn’s (2006) additions to the Simple View of Writing,
resulting in the Not-So-Simple View of Writing (Figure 4). The modifmasi reflect a
deeper understanding of the role of working memory and the role of attention thihi

executive functions domain.
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Text Generation

Working
Memory

Cognitive Flow

Transcription Executive Functions
(handwriting, (supeiy attention, goal
keyboarding, setting, planning, reviewing,
and spelling ) revising, strategies for self-

monitoring, and regulation)

Figure 4. The Not-So-Simple View of Writing Model (Berninger & Winn 2006)

Two additions were made in the relationship of working memory to other
segments of written expression. The first outlines the differences lmesled-term and
long-term memory and their contribution to the writing process. Working memory
activates long-term memory during the processes of planning, composiegvingyiand
revising; whereas, short-term memory is activated only during revieavidgevising.

The second addition to working memory is the breakdown of the components of working
memory. These components include “... (1) orthographic, phonological, and
morphological storage units for verbal information, (2) a phonological loop for lgarnin
words and maintaining verbal information actively in working memory, and &utixve
supports that link verbal working memory with the general executive system (a
distributed network of many executive functions) and with nonverbal working memory
(which stores information in visual-spatial sketchpad)” (Berninger & Winn, 2006, pg.

97). The addition to executive functions is a more defined role of the complex system of
supervisory attention. Supervisory attention focuses attention on what is deemauaityelev

and inhibits non-relevant information. This component allows the writers to staykon tas
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and switch between mental states as they engage in the act of writingn¢g@e&iwinn,
2006).
Summary of Writing Models

The writing models discussed use a cognitive based approach to studying writing
that focuses on the connections among thinking, learning, and writing. The Hayes-FI
Model and the Hayes Model provide a framework for thinking about how expert adult
writers take in, process and out-put information during the process of writing. imotiee
recent Hayes Model, the cognitive processes include text interpretafieation, and
text production. Working memory and long-term memory are also included in the model,
and working memory is recognized as where the major cognitive activity pédee
(Hayes, 1996).

Juel, Griffith, and Gough introduced a Simple View of Writing to help explain
what cognitive processes children who are developing writing skills use to produce
written text. Their goal was to explain writing in a simple model which \&ag ® break
apart and adjust as new research was done (Juel, Griffith, & Gough, 1986; Juel, 1988).
Berninger and her colleagues expanded on this idea and introduced their Simple View of
Writing. The development of brain scanning technology and its use with adult and
developing writers led to the revision of the Simple View of Writing into the3¢et-

Simple View of Writing (Berninger & Winn, 2006). The Not-So-Simple View of
Writing incorporated research from education, cognition, linguistics, devefaparel
neuropsychology. The model provides a framework in which to think about developing
writers and what cognitive skills they need to be successful. The components of-the N

So-Simple View of Writing are further described in the following sections.
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Text Generation in First Grade

Text generation is typically thought of as functioning on three levels: word,
sentence, and text. Writers differ in their strengths and weaknessestaeseslevels of
text generation (Berninger, 2000). First grade writers are just beginniayétop the
skills necessary to generate text at the word, sentence, and text levelssarskilleeare
developing at different rates. Even within the broad areas of transcription andivexec
functions, sub-processes have differential developmental trajectoriésn Wit
transcription, handwriting skills tend to develop quicker than the linguistic skills
necessary for spelling (Berninger, 2000). Executive functions are in theirynfaficst
grade student and require a great deal of scaffolding from adults (Berr#@gey,
Working memory is a limited capacity system that may not have reactall d@pacity
at this young age, particularly in at-risk writers (McCutchen, 1996).Hesetreasons,
compositions in first grade generally consist of a single clause, a corepkexese, or a
few related sentences and clauses (Berninger, 2000; Traweek & Berai@gjey.
According to the Not-So-Simple View of Writing, as skills in the areas nsargption,
working memory, and executive functions develop, text generation will become more
fluent and better organized.

Cognitive Processes Supporting Text Generation

Transcription

Transcription is the act of turning ideas into linguistic representations initice m
and subsequently turning those representations into the symbols of writing that can be
read and understood by others. Transcription is the first of the writing skillseige

and is vital to the ability to showcase other writing skills. The performandesof t

20



component of writing requires skills in two areas: graphomotor and linguistics
Graphomotor skills, including fine-motor skills, indirectly affect transwiptLinguistic
skills, including orthographic and phonological skills, directly affect transenpt
(Abbott & Berninger, 1993; Swanson & Berninger, 1996).

Graphomotor skills are the skills that allow us to create the ultimate G 0
writing process; i.e., written output. Without the development of these low-level motor
skills, it is impossible to demonstrate the higher-order skill of writing. ddwelopment
of graphomotor skills applied to writing begins with a child’s discovery that he olashe ¢
leave a mark with a writing instrument. From there, skills develop through a pbéelicta
course: random scribbling, zigzag lines, letter-like marks, true letiegse svords,
clauses, and sentences (Gibson & Levin, 1975; Traweek & Berninger, 1997, Berninger,
2000). Initially children learn to form letters accurately, and then autoriyatithe
automaticity of letter production allows writing to take place with littdgnitive energy
spent on forming letters. This allows more energy to be spent on higher-ordeiveogni
processes (Berninger et al., 1991, Berninger, 2002).

Linguistic skills include phonology, orthography, and semantics. Phonology and
orthography skills are critical to spelling and word recognition. Seméli allow
children to decipher meaning from words. These skills have a longer growth trajector
than graphomotor skills (Berninger, 2000). While some evidence of the basics of
phonology, orthography, and semantics may appear as early as pre-school, ltkese ski
and the resulting abilities to read and spell words will continue to develop throughout the

school years.
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Working Memory

In both the Not-So-Simple View of Writing and the Hayes Model of adutingyi
working memory is identified as a critical component of the writing procesINoti&o-
Simple View of Writing places working memory in the center of the triatogtepresent
its central role as the environment in which the coordination of the other coghitise s
takes place. Working memory develops during the elementary school yeansgBeet
al., 1994; Berninger, 2000). Short-term memory and long-term memory are accessed via
working memory for processing during text generation (Berninger, 2000; McQ@utche
1996; Swanson & Berninger, 1996).

Both the adult model and the developmental model use Baddeley’s (1990) model
of working memory to conceptualize the process. This model is comprised of a
controlling central executive system with two sub-systems: the atbcylaop and the
visuospatial sketch pad. Baddeley (2003) recently suggested the addition of an episodic
buffer to the model. The episodic buffer binds together information from different
sources into a single multi-faceted ufihe central executive element regulates the flow
of information, retrieves information from other memory systems, and pescasd
stores information. The articulatory loop is comprised of a capacity limited photedlogi
short-term store and an articulatory control process that refreshes amdinsaspeech
material in store for brief periods. The visuospatial sketch pad is a temporagyestor
visual information that is being used to solve a specific problem. The episodic buffer i
dependent on executive functions dealing with the storage and retrieval of information

(Baddeley, 2003).
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Working memory draws information from short-term memory and long-term
memory to be processed and used in writing. Short-term memory briefly stassrigc
information including word recognition and transcription during the reviewing and
revising processes (Berninger et al., 1991; Swanson & Berninger, 1996). Long-ter
memory includes content knowledge, which is a source for domain-specific idea
generation and discourse structure knowledge, which provides a mechanism for schemas
for different genres of writing (Berninger, 2000).

Executive Functions

In the Not-So-Simple View of Writing, executive functions include supervisory
attention, goal setting, planning, reviewing, revising, strategies foms@lftoring, and
the overall regulation of writing (Berninger & Winn, 2006). These components are the
higher-order skills that help a writer compose an organized, cohesive, and undbhstanda
written output. Evidence from adult writers indicate that expert writergaal directed
and move recursively through the Hayes and Flower’s steps of planning, transtating, a
revising. They are able to continuously evaluate their output for its releanweting
proximal and distal goals. Poor writers produce unorganized text at both sentence and
paragraph levels, and are not as likely to revise (Hooper et al., 2002).

Relatively little research has looked into the role of executive functiohg in t
developing writer. Graham and colleagues have used their empirically-batiadd to
develop an intervention targeting self-regulation, Self-Regulated §trBevelopment
(SRSD). Their model has aided students in the development of reflective writing
strategies and positive attitudes about their writing abilities (Grahaim €098). Hooper

and colleagues (2002) studied executive functions and writing in fourth and fifth grade
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students using Denckla’s (1996) four-factor model of executive functions. In this model
executive functions included initiating behavior, sustaining behavior, inhibiting/stopping
behavior, and set-shifting. Initiating includes organizing and planning activities
Sustaining behavior relies on regulating attention to continue a task. Inhibatpym/ss
behavior is the ability to refrain from inappropriate or distracting behasairshifting is
related to cognitive flexibility and self-monitoring. Findings from thisly suggested
that the executive functions of initiation, set-shifting, and sustaining behayiarade
good from poor writers in elementary school (Hooper et al., 2002).

Executive functions are a higher-order set of cognitive skills, and arg tikbe
less influential to writing during the early years. Most studies of execfunctions and
writing, including those mentioned above, have used children in upper elementary school
or above. Hooper and colleagues (2002) reported moderate effect sizes and thes may
in part, because of the age of the children. Executive functions are expected torite prese
in early elementary school students; however, they are just developing and eegreat
deal of scaffolding from adults (Berninger, 2002).

Other Factors Influencing Writing

As the Hayes Model demonstrates, writing is an interaction between the
individual and the environment. Although the model is intended to describe adult writers,
the influence of environment on writing extends to developing writers. There are
influences outside of the internal cognitive environment of children that affesictgy
These outside influences result in reported group differences in writietppavent.
Differences in writing performance have been reported for gender,trateity, and

socioeconomic status. Some gains have been reported in the past few years, but trends
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continue to show males as less proficient than females (Berninger & B8, Hooper
et al., 1993) and Caucasian students more proficient than African American anddlispani
peers (Hooper et al., 1993; NCES, 2003).

In general, children from higher socioeconomic strata or with parents who are
highly educated are more likely to perform better in school (Duncan & Brooks-Gunn,
1997; Perez-Johnson & Maynard, 2007). These general findings have not been applied
directly to written expression performance; however, it may be that thema# of
socioeconomic factors can be explained by exposure to prewriting skills. @hiidre
homes or preschools where prewriting skills such as letter formations and exjgosur
print are stressed enter school in a better position to move forward with writing skil
development. Students who enter school without these advantages begin building literacy
skills later than children who have had prewriting experience.

There is evidence that academic performance in school is also affedted by
relationship between students and teachers. Teacher’s perception of tieinskip
with students has been shown to be an important factor in early academic progress
(Burchinal et al., 2002). The teacher-student relationship’s effect on wikilhg s
development has not been explored. The pursuit of an explanation for the influence of
gender, race/ethnicity, socioeconomic status, and teacher-student reiptiorthe
development of writing skills is important, but little data are availabl¢hie part of the
model.

Characteristics of Children At-Risk for Writing Problems
Even at a young age, the coordination of the cognitive processes outlined in this

chapter is necessary for the creation of written products. Gregg and Mather (2@02) not
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several constraints that can limit writing development including limitetduictson, poor
oral language abilities, cognitive deficits, limited cultural experés, delayed neural or
motor development, and poor motivation. Some research has been done to look at delays
or deficits in cognitive skills that are characteristic of poor wrigidifferent
developmental stages. Early in writing development (early elementaopl$c
neurodevelopmental constraints in orthographic coding, fine-motor function and
orthographic-motor integration are likely to interfere with rapid and automatauption
of written language. In the intermediate grades, writing is constraineerbgl working
memory and the ability to generate word, sentence, or text-level struéttites.junior-
high school level, problems with planning, translating, and revising constrain writing
(Berninger & Rutberg, 1992).

In the first grade, it is expected that fine-motor skills and orthographsy wii
constrain writing. Higher-order cognitive skills have not developed in chiltirerydoung
and; therefore, are not expected to be used in developmentally appropriate writing
assignments. The absence or delay of fine-motor skills that allow a child to haldila pe
and write affects current writing performance and constrains the amgudc writing
skills (Berninger & Rutberg, 1992). If a child has to devote a lot of cognitivgeter
the task of manipulating the pencil, he or she is less likely to be able to attend te what
being written. This can delay the development of letter writing autonyaaicd
recognition of letter-sound relationships. Later in school, the inability to ygpidtuce
letters and quickly spell words through automatic orthographic knowledge constrains
writing through working memory. If these basic processes are not autpthaticake up

cognitive space in working memory, which has a limited capacity (McCutchen,.2000)
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Conclusions

The study of the cognitive processes that are necessary for writing anlddyow
are coordinated has led to the development of several models of writing. Each model
builds on new research to further our understanding of writing. These models cad be use
as a framework to study the development of writing. The Not-So-Simple ViewiohyVr
is a model that strives to explain how children generate text through the coordofati
transcription skills and executive functions in an environment of working memory. Some
evidence has been found to support these elements as the primary processesiat work i
developing writers. Research has suggested that deficits in fine-motsiaskill
orthographic skills constrain early writing, deficits in memory constraihngrin the
intermediate years, and deficits in executive functions, such as planningacolaser
writing (Berninger & Rutberg, 1992). This study adds to the, as yet small, body of
research on how young writers’ skills in the areas of transcription (finerrant
language skills), working memory, and attention/executive functions contrdouteting
skill. How these skills can be used to identify children at-risk for writing pnabie

early elementary school was also explored.

27



CHAPTER 1l
METHODS
Participants
Participants were recruited from a single suburban-rural public scha@dtdist
The sample was drawn from a single school district to prevent potential widiésréhat
may arise from implementation of curriculum and instructional practicedfarent
school districts. All seven elementary schools in the school district pat&dijn the
study resulting in the initial screening of 950 first-graders in 54 da3e Written
Expression subtest of the Wechsler Individual Achievement Test — Second Edition
(WIAT-II; Wechsler, 2002) was used as a screening tool to identify studemg& for
written expression problems. In accordance with the IRB proposal (Appendixefgra |
describing the study, two consent forms, and a flyer were sent home via theckaokpa
families whose children met at-risk criteria from the screening. Irptante with the
school district administration, students receiving the lowest scores on the-NVIAT
Written Expression subtest were recruited first for the study. In totaltGdérgs,
including all students meeting at-risk criteria during screening, wereited and 223 of
the 545 had parents sign consent forms. Scheduling conflicts resulted in dropping 17
students from the study.
The final sample consisted of 206 students from seven elementary schools in a

single suburban-rural public school district. All of the students had their grimar

placement in a regular education setting, completed kindergarten, and spokie &nglis



their primary language. The sample included 118 (57%) males and 88 (43%) females.
Information on race and maternal education was gathered through parerst report
Maternal education was used as a measure of socioeconomic status.
Measures

Criterion Measure

The Wechsler Individual Achievement Test — Second Edition form A (WIAT-II;
Wechsler, 2002) Written Expression Grade-Based Composite score was used as the
criterion measure to identify students as at-risk for written expressobieprs or
typically developing in the area of written expression. The WIAT-II Writtepr&ssion
Composite measures individual achievement skills in the areas of handwmtied, ti
alphabet writing, written word fluency, and sentence combining. Reportedtenter-
reliability is strong (grade 4= 0.91; Wechsler, 2002). Content validity was monitored
through the participation of subject area expert judges during the developrtent of
WIAT-II. Item Response Theory methods were also used to document empirical
consistency among items. As part of this process, item-total correlatioasaleulated
and any item with a correlation less than .20 was evaluated for removal or revision
(Wechsler, 2002). Criterion related validity is documented with correlations v ot
tests of achievement. The correlation between the Wide Range AchievemenBtes
edition (WRAT3) Reading subtest and the WIAT-1l Word Reading subtest was .73. The
correlation between the WRATS3 Spelling subtest and the WIAT-Il Spellingstilvas

.78 (Wechsler, 2002).
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Fine-Motor Measures

The Process Assessment of the Learner: Test Battery for Reading iind Wr
(PAL; Berninger, 2001) Finger Sense-Finger Succession subtest was useeaassigem
of fine-motor control. Students were asked to hold their hands up by their ears (out of
their line of vision) and touch each finger to their thumb. A raw score was gahbsat
recording the time it took for the students to complete five rounds of touching each finger
to their thumb. Scores were obtained for their dominant hand (the hand they wrote with)
and their nondominant hand. These raw scores were converted into decile scorks from t
published normative data. This measure has been found to be a strong predictor of
handwriting, spelling, and writing skills acquisition for elementary schoaliienil
(Berninger et al., 1992). Reported reliability coefficients for this measerstrong
(dominant hand = 0.89, nondominant hamd= 0.87; Berninger, 2001). The validity of
the Finger Succession subtest as a measure of writing ability was sdipoéaetudy of
300 primary-grade students. The results of the study showed that Finger Succession
correlated significantly with both handwriting (dominant hard-0.32, nondominant
handr = -0.33) and narrative compositional fluency (dominant hamd0.31,
nondominant hand = -.30; Berninger & Rutberg, 1992).
Language Measures

The assessment of language ability included measures of basic phonological
awareness, receptive vocabulary skills, orthographic processing, and orthographi
phonological coordination. The Comprehensive Test of Phonological Processing
(CTOPP; Wagner, Torgesen, & Rashotle, 1999) Elision subtest asks the child to segment

spoken words into smaller parts in order to measure basic phonological awareness. Raw
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scores were translated into scaled scores in accordance with the tedt Repoided
content sampling alpha coefficients are strong (age 6.92, age ¥ = 0.91, age 8 =
0.89; Wagner et al., 1999). Validity studies during test development used item
discrimination and difficulty statistics, parameters in ltem Responserymodels, and
examination of item and test information to identify unsatisfactory itemsjvwere
removed from the test. Criterion validity studies included comparison studies gth ot
measures of language ability. The correlation between the CTOP&hEiditest and the
Woodcock Reading Mastery Tests-Revised (WRMT-R) Word Analysis sulbdssiry,
and between the CTOPP Elision subtest and the WRMT-R Word Identification subtest
was .73. The correlation between the CTOPP Elision subtest and the Test of Word
Reading Efficiency (TOWRE) Sight Word Efficiency subtest was .67, andceleetihe
CTOPP Elision subtest and the TOWRE Phonetic Decoding Efficiency sulatesév
(Wagner et al., 1999).

After the first year of assessment, the CTOPP Elision subtest waseériiom
the test battery at the request of the school district because of its us®bly sc
psychologists. The Process Assessment of the Learner: Test Battegading and
Writing (PAL; Berninger, 2001) Syllable and Phoneme subtest was select@tbiere
the CTOPP Elision due to its similarity in methods and items. The PAL Syéable
Phoneme subtest demonstrates the students’ ability to segment words iblesyital
phonemes by asking participants to repeat words and then repeat them againg this tim
removing a syllable or phoneme as instructed. Reliability estimates feulests in
grade 1 are strong (syllable= .80, phoneme = .92; Berninger, 2001). During the

development of the PAL expert judgments and empirical item analysis wereused t
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ensure content validity. Construct validity was examined with comparison stuitine
tests that measure similar constructs. One study compared the PAL suliteBAT-
Il subtests. The correlation between the PAL Syllable subtest and the WNTtten
Expression subtest was .30, and the correlation between the Syllable subtest and the
WIAT-1l Pseudoword Decoding subtest was .49. The correlation between the PAL
Phoneme subtest and the WIAT-1l Written Expression subtest was .50, and the
correlation between the Phoneme subtest and the WIAT-1I Pseudoword Decodisg subte
was .56 (Berninger, 2001).

The Peabody Picture Vocabulary Test — Forth Edition (PPVT-IV; Dunn & Dunn,
2007) was administered to measure the participants’ receptive vocabulary skills
Participants are shown a sheet with several pictures and asked to point to teepattur
matches the word the examiner says. Standard scores were generatibe frammscores
according to the test’s published normative tables. Reported alpha coeffindinate
strong reliability of the test (age 6:0-Gi5= 0.97, age 6:6-6:1d& = 0.94, age & = 0.94,
age 8a = 0.99; Dunn & Dunn, 2007). Convergent evidence of construct validity was
reported through the results of correlation studies with other tests of @xpres
vocabulary and language ability, and reading achievement. The correlationrbtteee
PPVT-IV and the Expressive Vocabulary Te&t etlition (EVT-2) is .84 for ages 5-6
and .80 for ages 7-10. The correlation between the PPVT-IV and the Clinical Evaluation
of Language Fundamentald ddition (CELF-4) is .67 for receptive language in the age
range 5-8 (Dunn & Dunn, 2007).

The Comprehensive Receptive and Expressive Vocabulary Test — Second Edition

(CREVT-2; Wallace & Hammill, 2002) Receptive Vocabulary subtest was addbd t
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battery of tests in the second year of the study to replace the PPVT-IVPfielV¥

was removed at the request of the school district because of its use by school
psychologists. The CREVT-2 was chosen to replace the PPVT-IV becaussitresea
receptive vocabulary using a similar method. Participants are presertiatiffeitent
plates of several pictures from different categories (i.e., animalgsked to point to the
picture that goes with stimulus words. Reported reliability alpha caaifieiare strong
(age 6o = .88, age & = .91, age & = .91). Evidence of validity includes correlation
studies with other language measures. The CREVT-2 has a reported correldfbn of
with the PPVT-1V, .66 with the Wechsler Intelligence Scale for Childref] edition
(WISC-III) Vocabulary test, and .74 with the Clinical Evaluations of Language
Fundamentals (CELF-R) (Wallace & Hammill, 2002).

The PAL Word Choice subtest measures orthographic processing by evaluating a
child’s ability to access word-specific representations from long-teemory both
accurately and quickly. Participants are asked to choose the correctly spetieiiom
three choices. Decile scores are generated from raw scores using islegolubbrmative
tables. The reported internal consistency alpha coefficient for grade 1 isateode
0.66; Berninger, 2001). Expert judges and empirical item analysis were used during the
development of the PAL to ensure content validity. Construct validity was ex@mitie
comparison studies with tests that measure similar constructs. One styabred the
PAL subtests with WIAT-1I subtests. The correlation between the PAL Word €hoic
subtest and the WIAT-II Written Expression subtest was .75. The correlatioedetine
PAL Word Choice subtest and the WIAT-1l Pseudoword Decoding subtest was .80

(Berninger, 2001).
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The PAL Rapid Automatized Naming (RAN) Letters or Digits subtest messur
orthographic-phonological coordination through the rapid automatized naming of letters
or digits. Decile scores were generated from raw scores using thetésdished
normative tables. Reported stability coefficients for this task’s sconesstreng (letters
r = 0.92, digity = 0.84; Berninger, 2001). To demonstrate content validity expert judges
and empirical item analysis were used during the development of the PAltr@bns
validity was examined with comparison studies with tests that measurarssonistructs.
One study compared the PAL subtests with WIAT-II subtests. The cavretstween
the PAL RAN subtest and the WIAT-1l Written Expression subtest was -0.78. The
correlation between the PAL RAN subtest and the WIAT-1lI Pseudoword Decoding
subtest was -0.72 (Berninger, 2001).

Working Memory Measures

Working memory in the visual and auditory mode was assessed. The Wechsler
Intelligence Scale for Children — Fourth Edition Integrated (WISC:Wchsler,

Kaplan, Fein, Kramer, Morris, Delis, & Maerlender, 2004) Spatial Span subtestiraea
visual-spatial working memory. After assessors tapped blocks in anceirdigr,
participants were asked to repeat the order (Forward) or reverse theBardexdrd).
Standard scores were generated from the raw scores according toshmutdsthed
tables. Internal consistency reliability coefficients were matggjage 6 SSpF= 0.76,
SSpBr =0.81, age 7 SSpf= 0.70, SSpB = 0.74, age 8 SSpr= 0.79, SSpB = 0.77;
Wechsler et al., 2004). During the development of the WISC-IV-I, research studies,
review of theoretical literature, and expert reviews were utilized to suggovalidity of

the measure. After development, a comparison study with the Clinical Evaluation of
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Language Fundamentals ddition (CELF-4) was conducted with children with
language disorders. The result of the Working Memory Index (including Spati@ Spa
comparison was a correlation of .69 (WISC-IV-I; Wechsler et al., 2004).

The Comprehensive Test of Phonological Processing (CTOPP; Wagner,
Torgesen, & Rashotle, 1999) Nonword Repetition subtest measures auditory memory.
Participants were asked to repeat fictitious words after hearingftbema recording.
Scaled scores were generated from the raw scores according to sheeaisgaublished
standardization tables. Content sampling reliability alpha coefficiesits strong for
CTOPP Nonword Repetition (age6= 0.80, age & = 0.80, age 8 = 0.80; Wagner et.
al., 1999). During the development of the test, content validity was evaluated using ite
discrimination and difficulty statistics, parameters in Item Responseryimodels, and
examination of item and test information to identify unsatisfactory itemghwinere
removed from the test. Results of a confirmatory factor analysis of th®EEBowed
that the Nonword Repetition subtest loaded on the same factor as the Memorytir Digi
subtest, which created the Phonological Memory factor. The result of thentatofiy
factor analysis provided evidence for the validity of using the Nonword Repetit
subtest as a measure of auditory memory (Wagner et al., 1999).

At the request of the school district, the CTOPP Nonword Repetition measure was
removed from the battery of tests because of its use by school psychologistdSie W
IV-I Digit Span subtest, which also measures auditory memory through vepleition,
was used in the second year of the study with cohort 2. Participants were askeato re
sequences of numbers. Standard scores were generated from the raw soalegydo

the test’s published tables. Internal consistency reliability coeffi@ere good to
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moderate (age 6 DSpF= 0.83, DSpB = 0.83, age 7 DSpF=0.79, DSpB = 0.69, age
8 DSpFr = 0.82, DSpB = 0.68; Wechsler et al., 2004). Research studies, review of
theoretical literature, and expert reviews were utilized during theamweht of the test
to support the validity of the measure. The results of a comparison study withniicalCl
Evaluation of Language Fundamentalf8 etlition (CELF-4) included a Working
Memory Index (including Digit Span) comparison, and a correlation of .69 was found
(WISC-IV-I; Wechsler, Kaplan, Fein, Kramer, Morris, Delis, & Maerlen@®04).
Attention/Executive Functions Measures

The Woodcock Johnson: Third Edition of Cognitive Abilities (WJ Il Cog;
Woodcock, McGrew, & Mather, 2001) Planning subtest measures spatial scanning,
general sequential reasoning, and problem solving abilities. Participaet®uer line
drawings without lifting their pencils or re-drawing lines. Age-based stdrstares
were generated from raw scores using the test's computer scoring.skgjeorted
reliability coefficients were moderate (age € 0.67, age ¥ = 0.75, age 8 = 0.69;
Woodcock et al., 2001). The WJ Ill Cog (Woodcock, McGrew, & Mather, 2001)
Retrieval Fluency assesses long-term verbal retrieval and fluentigigaats were
given a minute to name as many things as they could in different categopegede
reliability coefficients were moderate (age € 0.79, age ¥ = 0.80, age 8 = 0.78;
Woodcock et al., 2001). The WJ lll Cog was developed based on the Cattell-Horn-
Carroll theory of cognitive abilities. Outside experts were used in developolesip
insure the validity of test items and the content of the test is similar to other we

established cognitive measures (Woodcock, McGrew, & Mather, 2001).
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Sustained attention, speed and consistency of responding, and response inhibition
in the visual mode were examined using the Vigil Continuous Performance Tabt (Vig
CPT; Psychological Corporation, 1998). Using a laptop computer, the test showed a
series of letters in which participants were asked to press the spacesspadnse to
seeing a certain sequence of letters (AK). Age-based standard scaaegenerated by
the computer scoring program. The reported reliability estimatesrfos ef omission,
errors of commission, and reaction time were good (omissiGn®1, commissionsy =
.956, reaction time. = .896; Psychological Corporation, 1998). A comparison study with
other tests of attention was performed to provide evidence of validity. In one thteidy
Vigil CPT and the Stop Signal Task (SST) had a correlation coefficient of0648rbrs
of omission and a .337 for errors of commission.

Intellectual Ability Measures

The Wechsler Abbreviated Scale of Intelligence (WASI) Vocabulary aaitli}v
Reasoning subtests were used to obtain an IQ score (FSIQ-2). Reliatilitgtes for
the FSIQ-2 are strong (age & .94, age T = .93, age 8 = .92; Wechsler et al., 2004).
The results of comparison studies with other ability measures and achieyeowedée
evidence of the validity of this test. Comparison studies with the Wechséigence
Scale for Children —"3edition (WISC-III) and the Wechsler Adult Intelligence Scale -
3 edition (WAIS-III) suggested that the WASI FSIQ-2 measures conssimigr to
those in the other ability measures=(.81 with WISC-IIl,r = .87 with WAIS-III). A
comparison study with the Wechsler Individual Achievement Test (WIAT) coteposi

scores showed moderate to high correlations with the WASI FSIG-260 with

37



Readingy = .66 with Mathy = .63 with Language, = .72 with Writing; Wechsler et al.,
2004).
Procedures

The parents of all first grade students in a single school district in Northr@arol
were invited to have their child participate in a fifteen minute group screessegsament
of written expression skills. All of the first graders who participated in thialini
screening (950) were tested within their class groups (20-25 studentsyye). Jihe
WIAT-II Written Expression subtest was used as the screening assestheeresults of
the screening were used to tentatively place students in at-risk and yygeadloping
groups for written expression. After receiving parent consent for the studyhilthesn
were assessed during their first grade year with the administration té iy lod
neuropsychological and cognitive assessments. All measures in the battery w
administered, scored, and standardized according to their published test manuned. Tra
researchers and graduate students administered and scored the measureasit@s m
were also second scored by a researcher or graduate student that hadhadiyorig
administered the measure. The Frank Porter Graham Child Developmentdr{§iRG)
Data Management and Analysis Center double-entered the raw scores andliztohdar
the scores (e.g., standard score, scaled score) according to each seaslistied
norms.

The battery was administered in two blocks of measures, with the blocks being

administered in counterbalanced fashion to control for order effects. They lcattéains
some measures that were not included in this study, but were administeredos part

larger study. Block A consisted of the Wechsler Abbreviated Scale oidetete
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(WASI) Vocabulary and Matrix Reasoning subtests; the Wechsler Individual
Achievement Test — Second Edition, form A (WIAT-1l) Reading and Written Esjpa
subtests; the Process Assessment of the Learner: Test Batterydorg=aad Writing
(PAL) RAN, Finger Succession, and Word Choice subtests, the Peabody Picture
Vocabulary Test — Fourth Edition (PPVT-IV), and the Wechsler Inteltgescale for
Children - Fourth Edition Integrated (WISC-1V-1) Spatial Span. Block B cat$ist the
Wide Range Assessment of Memory and Learning — Second Edition (WRAML-2)
Picture Memory Immediate and Delayed Recognition and Story Memorydiateeind
Delayed Recognition subtests, the Woodcock Johnson Ill Tests of Cognitiveeabiliti
(WJ-11l Cog) Planning and Retrieval Fluency subtests, the ComprehensivefTe
Phonological Processing (CTOPP) Elision and Nonword Repetition subtests, and the
Vigil Continuous Performance Test (Vigil CPT). After the first yefadata collection,
The CTOPP Elision subtest was replaced by the PAL Syllable and Phoneme stib&ests
PPVT-IV was replaced by the Comprehensive Receptive and Expressive \Apgatrst
— Second Edition (CREVT-2) Receptive Vocabulary subtest. The CTOPP Nonword
Repetition subtest was replaced by the WISC-IV-I Digit Span subtest. Thisattgy
of assessments was used to collect data from the cohort 2 first graders cottieysar
of the study. The list of measures separated in blocks and listed in the ordetepréese
in Tables 1 and 2.
Data Analysis

Structural Equation Modeling (SEM) methods were used to address the research

guestions. The analysis was run using the Mplus version 6 (Muthen & Muthen, 2010)

software program. SEM methods allowed for the assessment of the coorribiutine
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measures given as well as the latent variables that underlie thoseaaeAsuoutline of
the proposed model is displayed in Figure 5. The latent variables are encloselésn ci
and the tests used to measure them are in rectangles. The relationship betle¢ent the
variables in the proposed model and the Not-So-Simple View of Writing is exglaine
Figure 6.

Table 1

List of Measures: Block A

Cohort 1 Cohort 2
BLOCK A Can be administered in any BLOCK A Can be administered in any
order order
WASI Vocabulary WASI Vocabulary
WASI Matrix Reasoning WASI Matrix Reasoning
WIAT-Il Reading* WIAT-IIA Reading*

WIAT-II Written Expression (Alphabet, WIAT-II Written Expression (Alphabet,

Fluency, Sentences) Fluency, Sentences)
PAL RAN — Letters or Digits PAL RAN — Letters or Digits
PAL Finger Sense — Finger Succession PAL Finger Sense — Finger 8uctcess
PAL Word Choice PAL Word Choice
PPVT-IV PAL Syllables
WISC-IV Spatial Span PAL Phonemes
CREVT-2

*measure not used in the current study
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Table 2

List of Measures: Block B

Cohort 1 Cohort 2

BLOCK B — FIXED ORDER due to BLOCK B — FIXED ORDER due to
timing for memory items timing for memory items
WRAML-2 Picture Memory Immediate* WRAML-2 Picture Memory Immaid*

CTOPP Elision WISC-IV Spatial Span
(forward/backward)

WJ-11l Cog Planning Subtest WJ-11l Cog Planning Subtest

WJ-1ll Cog Retrieval Fluency Subtest WJ-1ll Cog Retrieval Flyedabtest

WRAML-2 Picture Memory Recognition* WRAML-2 Picture Memory Recognition*
WRAML-2 Story Memory Immediate* WRAML-2 Story Memory Immediate*
Vigil CPT Vigil CPT

CTOPP Nonword Repetition WISC Digit Span (forward/backward)

WRAML-2 Story Memory Recognition*  WRAML-2 Story Memory Recognition*

*measure not used in the current study
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Text Generation
- WIAT Written Expression

Working
Memory

- WISC Spatial Spa
- CTOPP Nonword Retrieva
WISC Digit Span

Transcription Attention/Executive Functions
Fine-Motor - WJ-Ill Cog Planning
- PAL Finger Succession — Dominant - WJ-IIl Cog Retrieval Fluency
- PAL Finger Succession — Nondominant - Vigil Omissions
Language - Vigil Commissions
- PPVT or CREVT
- PAL RAN

- CTOPP Elision or PAL Syllable and Phoneme
- PAL Word Choice

Figure 6. Measures’ Alignment with Not-So-Simple View of Writing Model
(Berninger & Winn 2006) with latent variables italicized and measures bulleted.

Data Screening

Initially, the data were screened to ensure that they met the cnieeegsary for a
Confirmatory Factor Analysis using structural equation modeling methods to be
interpreted. The data was analyzed to check the assumptions of univariate and
multivariate normality based on measures of skewness and kurtosis, and the Mahalanobis
D test was conducted to check for possible outliers. The measurement model was then
run to check for fit and modified as necessary.
Analyzing the Model

A valid measurement model is necessary before the evaluation of the structura
component of the hybrid model (Kline, 2005). In order to estimate the measurement
model the latent variables text generation, transcription, attention/exeicutot®ns,

language, and working memory were allowed to co-vary. This allowed the fpatn the
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latent variables to their indicator variables (the administered tedig) éstimated to
explore if the indicator variables were supporting the latent variableg gsoposed
model suggests. The chi-square statisif}, Gtandardized root mean square residual
(SRMR), and the root mean square error of approximation (RMSEA) wersedses
judge measurement model fit. Modification indices were requested so that antiglot
beneficial adjustments to the model could be made. Decisions to modify the model were
based on theory and the results of the measurement model analysis.
Application of Data Analysis to Research Questions

Review of Questions

Question 1. Do motor and cognitive variables represented in the Not-So-
Simple View of Writing contribute to text generation of students inifst grade?
Hypothesis 1-11t is hypothesized that the fine-motor variable will significantly
contribute to text generation for children in first grade.
Hypothesis 1-2it is hypothesized that the language variable will significantly dountei
to text generation for children in first grade.
Hypothesis 1-3lt is hypothesized that the attention/executive function variable will
significantly contribute to text generation for children in first grade.
Hypothesis 1-4it is hypothesized that the working memory variable will significantly
contribute to text generation for children in first grade, as well as mekete t
contribution of fine-motor, language, and attention/executive functions.

Question 2. Do demographic variables contribute to text generation of

students in first grade?
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Hypothesis 2-1lt is hypothesized that gender will significantly contribute to text
generation for children in first grade (Berninger & Fuller, 1992; Hoopdr, t993;
NCES, 2003).
Hypothesis 2-2lt is hypothesized that race will significantly contribute to text geerear
for children in first grade (Berninger & Fuller, 1992; Hooper et al., 1993; NCES, 2003).
Hypothesis 2-3lt is hypothesized that socioeconomic status (SES), represented by
mother’s education, will significantly contribute to text generation for atrilain first
grade.

Question 3. Is there a hierarchy of predictive power of motor and cognitive
skills for text generation of children in first grade?
Hypothesis 3-1lt is hypothesized that the fine-motor variable will contribute more to
text generation than the attention/executive function variable.
Hypothesis 3-2:lt is hypothesized that the language variable will contribute more to text
generation than the attention/executive function variable.
Data Analysis

In order to establish a valid measurement model before the evaluation of the
structural component of the hybrid model (Kline, 2005), the latent variables of Fine-
Motor, Language, Attention/Executive Functions, Working Memory, and Text
Generation were allowed to co-vary. The analysis did not result in convergemoeinf
identified model; therefore, the analysis of the measurement model could not be
completed. After exploration of the model, it was determined that attempts toyrtlif

model enough for it to be analyzed would result in a model that was not reflective of the

45



Not-So-Simple View of Writing and any results could not be meaningfully applied to

answer the research questions.
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CHAPTER IV
RESULTS
Data Screening
To conduct the analyses for this study, the data were first entered into PASW
Statistics 18.0 statistical software for data screening. The struetjuation model was
analyzed with the Mplus version 6 (Muthen & Muthen, 2010) software program. An
examination of the data was conducted to assess for missing information and the result
of this examination showed that two variables had considerable missing dataES-he S
Mother’s education variable was missing in 27 cases (13.1%), resulting in @wlégisi
exclude this variable from the model because the missing data was too high to impute
values and retain interpretable results. Other variables with missinghndaideid PAL
Word Choice (1 case, 0.5%), PAL RAN (4 cases, 2%), PAL Finger Succession-Dbmina
(3 cases, 1.5%), PAL Finger Succession-Nondominant (4 cases, 2%), WJ-IIl Cog
Retrieval Fluency (1 case, 0.5%), Vigil Omissions (3 cases, 1.5%), and Vigil
Commissions (3 cases, 1.5%). From a visual inspection of the missing data for the
existence of patterns, results showed data were scattered across casegadtain was
evident. PASW Statistics 18.0 was used to impute missing values using theioegres
based method of linear trend at point (Kline, 2005).
In examining the data for univariate and multivariate normality, assumptions of

univariate and multivariate normality were upheld based on measures of skewdes



kurtosis (Table 3). A Mahalanobis D test was run to assess the preseng®utiians
and none were detected.
Table 3

Measures of Normality

Variable Skew Kurtosis
WIAT Written Expression 0.650 0.286
PAL Finger Non Dominant -0.878 0.817
PAL Finger Dominant -0.780 0.831
PAL Word 0.298 -1.034
Receptive Language (PPVT or CREVT) 0.178 0.237
PAL RAN -1.452 3.027
Phonemic Awareness -0.058 1.369
(CTOPP Elision or PAL Syllable and Phoneme)

WJ-11l Cog Planning -0.394 -0.451
WJ-11l Cog Retrieval Fluency -1.048 2.380
Vigil Omissions 0.965 0.554
Vigil Commissions 1.035 0.347
WISC Spatial Span 0.096 0.458

Auditory Working Memory (CTOPP Nonword Retrieval or 0.267 0.106
WISC Digit Span)

Measurement Model
The measurement model (Figure 7) was fit first because establisbhaewalid
measurement model is necessary before the evaluation of the structural coroptreent
hybrid model (Kline, 2005). To analyze the measurement model, the latent variables
Fine-Motor, Language, Attention/Executive Functions, Working Memory, and Text

Generation, were allowed to co-vary. Modification indices were requested smyha
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potential beneficial adjustments to the model could be made. The covarianseaiatri

the analyzed data can be found in Appendix C. Since the analysis did not result in
convergence of a non-identified model, the analysis of the measurement model could not
be completed.

Inspection of the model revealed that the model was underidentified and the
covariance matrix was nonpositive definite. In order for a model to be iddntifiraust
have as many or more observations as free model parameters, which can baeatkterm
by assessing if the degrees of freedom are more than or equal to zero. éaslieement
model analyzed, the degrees of freedom equaled 69. Another potential problem with
identification is the presence of multicollinearity of the data which tsmlkee a cause of
nonpositive definite matrices. Examination of the correlation matrix did notlrawea
correlations above .90; however, multicollinearity may lie in the multivariate
correlations. Linear dependency among the observed variables is another passible
of the problems with analyzing the measurement model. These problems could be
addressed by fixing additional parameters or removing paths from the model
(Schumacker & Lomax, 2010). Attempts were made to estimate additional model
parameters based on theory and standardized measures’ reliabibtycstaifter
exploration it was determined that to estimate the number of parameteranetess
analyze the model would lead to a model that was not reflective of the Naitvfpde
View of Writing model and the results would not be interpretable for the presenthesea

guestions.
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Additional Exploratory Analysis of the Model
Individual path models

The full structural equation model that was designed to explore the Not-So-
Simple View of Writing could not be analyzed with the current data. In an effort to
explore the model further, identify areas of multicollinearity, and identijycdher
problems in the model design that may inform future research, the variabées wer
analyzed separately.

The proposed path models for each variable are in Figures 8 - 11. The path
models for the Fine-Motor and Working Memory variables could not be analyzed due to
negative degrees of freedom. The path models for the Language and Atte r@oomitEex
Functions models resulted in non-positive definite matrices. The Languadaevaria
output indicated a problem with the PPVT or CREVT indicator. This variable was
negatively correlated with the PAL RAN indicator. Also, this variable is one of the
indicators that had to be created from two different subtests which may have caused
problems with the analysis. For the Attention/Executive Functions variable, tasra w
problem with the indicator WJ-Ill Cog Retrieval Fluency. This indicator negmtively

correlated with the Vigil Omissions indicator.

PAL Finger
Non Dominant

PAL Finger
Dominant

Figure 8. Fine-Motor Skills Path Model
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Analysis of Variance Method

Path analysis of the individual variables identified problems with the structura
equation model, but did not allow for any analysis of the data to address the research
guestions. In an effort to further explore the data, analysis of varianbhedsetere used
to look at the individual variables in more depth. The analysis of variance methods
allowed for separate examination of each of the measures within the fine-motor
language, working memory, and attention/executive functions variables. Thke saas
divided into two groups based on the WIAT Written Expression score obtained as part of
the full assessment battery presented to all study participants. Thardtaodre 85;
which is one standard deviation below the mean, was used as a cut score to create the
groups. The Typically Developing (TD) group had scores higher then 85 and the At-Risk
(AR) group had scores of 85 or below. These groups were compared on each of the
demographic, motor, and cognitive variables. While this method does not address the
research questions in the same way Structural Equation Modeling methods would have, i
does allow us to look at the relationship between motor and cognitive variables and
writing ability in first grade students. Instead of exploring a full modelrdfng, the
relationship between text generation and the motor and cognitive variables-ofdtor
skills, language, attention/executive functions, and working memory were looked at
separately in question 1a. For each variable it is hypothesized that the TD gtoup wil
demonstrate higher scores than the AR group. This would demonstrate that the variable is
related to text generation and could be used as a way to identify childrek fat-ri

difficulties with text generation; which was the overall intention of thid\st
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The third proposed research question addressed the predictive power of the motor
and cognitive variables. Logistic regression methods were used to addsesgjtiestion
2a. A block-wise logistic regression was constructed to determine wmubostte
variable groupings made the largest contribution to group status and; themeédiee
most predictive of group status. The variable groups were entered in therigllorder:
fine-motor, language, working memory, and attention/executive functions. The
alternative research questions and hypotheses are as follows:

Question la: Do students at-risk for writing problems differ from typically
developing students on the motor and cognitive components of fine-motskills,
language skills, attention/executive functioning skills, and working emory skills?

Hypothesis l1a-1lt is hypothesized that the TD group will perform significantly
better on measures of fine-motor skills.

Hypothesis 1a-2it is hypothesized that the TD group will perform significantly
better on measures of language skills.

Hypothesis 1a-3it is hypothesized that the TD group will perform significantly
better on measures of attention/executive functioning skills.

Hypothesis 1a-4tt is hypothesized that the TD group will perform significantly
better on measures of working memory skills.

Question 2a: Are fine-motor skills, language, working memory, and
attention/executive functions predictive of writing skill for children in first grade?

Hypothesis 2a-1It is hypothesized that the fine-motor variable will be more

predictive of group status than the attention/executive function variable.
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Hypothesis 2a-2It is hypothesized that the language variable will be more
predictive of group status than the attention/executive function variable.

Hypothesis 2a-3lt is hypothesized that the working memory variable will be
more predictive of group status than the attention/executive function variable.

Hypothesis 2a-4tt is hypothesized that the language variable will be more
predictive of group status than the working memory variable.

Preliminary analysis. A series of Multivariate Analysis of Covariances
(MANCOVA) were run on each of the variable groupings (fine-motor megsures
language measures, attention/executive function measures, and workiogymem
measures) by groups (at-risk and typically developing). This analysis piavide
preliminary probe into any significant differences between groups on e#oh wdriable
groupings. Significant MANCOVAs were followed-up with univariate Anadyi
Variances (ANOVA) giving further information about group separation on variable
measures.

The at-risk (AR) group consisted of 102 (49.5%) students and the typically
developing (TD) group consisted of 104 (50.5%) students. To examine the necessity to
include demographic variables as covariates to reduce within-celbb¥ayjacorrelation
coefficients were obtained for the variables of age and IQ with the dependeblevafia
WIAT-1l Written Expression scores. For the categorical demographicblesiaf gender,
race, and mother’s education, ANOVAs were analyzed with the WIAT-ltt&¥iri
Expression scores.

The AR group’s ages ranged from 6 years, 1 month to 8 years, 4 months with an

average of 6 years, 10 months. The TD group’s ages ranged from 6 years, 0 months to 8
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years, 4 months with an average of 6 years, 10 months. The correlation was not
significant ¢ = -0.018, n = 2069=0.797). Therefore, age was not entered as a covariate
in the data analysis.

The AR group included 63 (62%) males and 39 (38%) females, while the TD
group contained 55 (53%) males and 49 (47%) females. Results of the ANOVA was not
significant (1, 204) = 3.530p= .062).and gender was not included as a covariate in the
data analysis.

The AR group contained 72 (70.6%) European American participants, 25 (24.5%)
African-American participants, and 5 (4.9%) multi-racial participants.Thgroup was
comprised of 82 (78.8%) European American participants, 15 (14.4%) African-America
participants, 2 (1.9%) Asian American participant, 2 (1.9%) Native American
participants, and 3 (2.9%) multi-racial participants. The ANOVA was sogmif (4,

201) = 3.445p=.010), so race was entered as a covariate in the data analysis.

The mother’s education variable was missing data for 27 (13.1%) cases, 15 of
these were from the AR group and 12 were from the TD group. Of the cases in the AR
group that included information about mother’s education, 12 (11.8%) had not received a
high school diploma, 14 (13.7%) obtained a high school diploma or GED, 28 (27.4%)
completed technical training or some college, and 33 (32.3%) had a college detree. |
TD group, 6 (5.8%) had not received a high school diploma, 14 (13.5%) obtained a high
school diploma or GED, 21 (20.2%) completed technical training or some college, and 51
(49.1%) had a college degree. As a result of the ANOVA not being signiffe@atl(70)

=1.890,p=.064), mother’s education was not included as a covariate in the data analysis.
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The AR group’s 1Q scores ranged from 66 to 131 with an average of 93.06. The
TD group’s 1Q scores ranged from 76 to 134 with an average of 100.41. The correlation
was significant( = 0.439, n = 2067<.0001). The possibility of using IQ as a covariate
was considered; however, there is recent research to suggest that the uae af 1Q
covariate in cognitive studies is not appropriate. Dennis et al. (2009) found that tie use
IQ as a covariate has resulted in overcorrected findings in neurocognitivesstiue to
IQ being an attribute of a childhood disability or disorder and therefore nohgdet
requirements of a covariate. Based on this research I1Q was not includeavasatein
the analysis.

Question la. Do students at-risk for writing problems differ from typiclly
developing students on the motor and cognitive components of fine-motskills,
language skills, attention/executive functioning skills, and working emory skills?

Fine-Motor skills. It was hypothesized that the TD group would perform better
on measures of fine-motor skills than the AR group. A MANCOVA was run to determine
whether the TD and AR groups differed on the measures of fine-motor skills. The
MANCOVA of the fine-motor variable revealed significant group differendgéiks’

Lambda = 0.971F(2, 202) = 2.972p=.053, with a small effect size qf = .029. The

follow up ANOVAs showed a significant difference in group scores for the FHAdger
Succession — DominarfE(1, 203) = 5.965p=.015, with a small effect siz¢= .029. The
typically developing group had a higher mean score on the PAL Finger Succession-
Dominant test than the at-risk group. The PAL Finger Succession — Nondominant test,

F(1, 203) = 2.550p=.112,n° = .012 did not reveal significant differences for the groups.
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Table 4

Univariate Analysis of Fine Motor Skills

At-Risk Group Typically Developing Group

(n=102) (n=104)

Measures M SD M SD F
PAL Finger Succession-0.273 0.48 -0.120 0.41 5.96*029
Dominant
PAL Finger Succession-0.252 0.49 -0.148 0.41 255 .112
Nondominant

* p<.05.

** p<.01

Language skills. It was hypothesized that the TD group would perform better on
the language measures than the AR group. Before analyzing the larsdillgmeasures,
a receptive language variable and phonemic awareness variable were loeeatese the
two cohorts had been given different tests for these areas of functioning. Theveecept
language variable was created using cohort 1's PPVT receptive vocabolaasd
cohort 2’'s CREVT receptive vocabulary scores. The phoneme variable was creaged usi
cohort 1's CTOPP Elision score and cohort 2’'s PAL Phoneme and Syllable scores.
Results of the MANCOVA found a significant difference between the AR and TD
group for language skills, Wilks’ Lambda=.8F§, 200) = 7.132p<.0001, with a
medium effect sizg® = .125. Follow-up ANOVAs showed significant differences
between groups for the PAL RAN measw¥él, 203) = 12.250p=.001, and PAL Word
Choice measurg(1, 203) = 21.243)<.0001. There was a small effect size for the PAL
RAN measurey®= .057, and the PAL Word Choice measuye; .095. The TD group
had a higher mean score then the AR group on the PAL RAN and PAL Word Choice

tests. The phonemEB(1, 203) = 1.555p=.214 n° = .008 and receptive language
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variablesF(1, 203) = 2.544p=.112,1° = .012 did not show significant differences
between the AR and TD groups.
Table 5

Univariate Analysis of Language Skills

At-Risk Group Typically Developing Group

(n=102) (n=104)
Measures M SD M SD F n°

PAL RAN 0.016 0.81 0.365 0.60 12.25**057
PAL Word Choice -0.439 1.19 0.390 1.38 21.24*095
Phonemes 0.017 0.91 0.173 0.82 1.56 .008
Receptive Language-0.101 1.05 0.124 0.94 254 012

*p<.05.

** p<.01

Attention/Executive Functioning skills. It was hypothesized that the TD group
would demonstrate better attention/executive functioning skills than the AR group. The
MANCOVA for attention/executive functioning skills was significant, Wilks
Lambda=.888(4, 200) = 6.325p<.0001, with a small effect sizg?= .112. The follow-
up ANOVAs showed that the WJ-1ll Cog Retrieval Fluency measiffie,203) = 16.536,
p<.0001 was significantly different for the AR and TD groups. The effect sigesmall,
n® = .075. The WJ-Ill Cog Planning measufél, 203) = 5.798p=.017, showed a
significant difference between the groups with a small effectsize,028. The Vigil
Commissions measure was significantly different for the AR and TD grb(ps203) =

5.827,p=.017, with a small effect siza?= 0.028. For the WJ-IIl Cog Retrieval Fluency
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and WJ-IIl Cog Planning measure the TD group had a higher mean score than the AR
group. On the Vigil Commissions measure the AR group had a higher mean score than
the TD group. The Vigil Omissions measufé], 203) = 1.277p=.260,1° = .006 was

not significant.

Table 6

Univariate Analysis of Attention/Executive Functioning Skills

At-Risk Typically Developing
Group Group
(n=102) (n=104)
Measures M SD M SD F n’
WJ-IIl Cog Retrieval 91.74 17.31 100.09 11.84 16.54** .075
Fluency
WJ-11l Cog Planning 104.64 8.41 107.61 8.99 5.80* .028
Vigil Omissions 57.82 26.36 62.50 34.10 1.28 .006
Vigil Commissions 9406 66.37 73.18 59.19 5.83* .028
*p<.05.
** p<.01

Working Memory. It was hypothesized the TD group would perform better on the
working memory measures than the AR group. Before analyzing the working memory
variable, a verbal working memory variable was created because theharschad
been given different tests for verbal working memory. Cohort 1's CTOPP Nonword
Repetition score and cohort 2's WISC Digit Span score were used to createiétikeva
The MANCOVA for working memory was significant, Wilks’ Lambda=0.842, 202)

= 14.19,p<.0001, with a medium effect siné = .12). The follow-up ANOVAs showed
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that both the verbal working memory variabi#¢l, 203) = 12.197p=.001, and WISC
Spatial Span measurg(l, 203) = 24.04(p<.0001, were significantly different for the
AR and TD groups. The effect size was small for both the verbal working memory
variable,n?= .057, and the WISC Spatial Span meas@rel06. The TD group had
higher mean scores than the AR group on both working memory variables.

Table 7

Univariate Analysis of Working Memory

At-Risk Typically Developing
Group Group
(n=102) (n=104)

Measures M SD M SD F n’
Verbal Working -0.218 0.84 0.214 0.94 12.20**.057
Memory
WISC Spatial Span -0.282 0.79 0.277 0.84 24.04106

*p<.05.

** p<.01

Question 2a. Are fine-motor skills, language, working memory, and
attention/executive functions predictive of writing skill for children in first grade?
Since structural equation modeling methods could not be utilized to address thishresea
guestion, logistic regression methods were used. The variables were entetied int
block wise logistic regression model in the following order: fine-motor, language
working memory and attention/executive functions. This order was used based on
previous research which suggests that deficits in fine-motor skills and ¢gngkitls

constrain early writing, deficits in memory constrain writing in thermtliate years,
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and deficits in executive functions, such as planning, constrain later writingjriBer &
Rutberg, 1992).

When the fine motor measures (PAL Finger Succession — Dominant and PAL
Finger Succession — Nondominant) were entered into the regression ahalysdel
was statistically significan’ (2, N = 206) = 6.02p = .049. The next step added the
language measures (PAL RAN, PAL Word Choice, phonemes, and receptive language)
and the step was statistically significgrft(4, N = 206) = 26.84p < .0001. The working
memory measures (verbal working memory and WISC Spatial Span) were adtled n
and this step was also significagft(2, N = 206) = 13.68p = .001. Finally, the
attention/executive functions measures (WJ-11l Cog Retrieval Flu&xaylil Cog
Planning, Vigil Omissions, and Vigil Commissions) were added and this step was
significant as welly? (4, N = 206) = 10.98p = .027. The fine-motor variable was able to
predict 58.3% of the cases. The language variable correctly classifiéd 6#the cases;
whereas, the working memory variable predicted 67.0% of the cases. Finally, 71.4% of
the cases were correctly classified by the attention/executivedumnvariable. The
classification rates and Nagelkerked® the variables as entered into the model are in

Table 8.
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Table 8

Logistic Regression

2

Nagelkerke  y Classification  Classification Overall
R? Rate of AR Rate of TD Classification
Group group Rate

Fine- .038 6.02* 50% 66.3% 58.3%
Motor
Language 191 25.84** 64.7% 63.5% 64.1%
Working .264 13.68** 66.7% 67.3% 67%
Memory
Attention/ .320 10.98* 65.7% 76.9% 71.4%
Executive
Functions

*» <.05.

**p<.01
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CHAPTER V
DISCUSSION
The intent of this paper was to look at the process of writing during early
development to further understanding of what cognitive skills contribute to ttiegwri
process at an early age and how those skills differently contribute to thregyeriocess.
In an effort to examine the process as a whole, structural equation modeling methods
were attempted to examine a proposed developmental model of writing, the Not-So-
Simple View of Writing. However, structural equation modeling techniques were
unsuccessful in producing interpretable results due to a covariance matvizashat
underidentified and nonpositive definite.
Measures
The tests used to measure the latent variables of Fine-Motor, Language,
Attention/Executive Functions, Working Memory, and Text Generation in the stductura
equation model were all standardized, researched-based measures showing good
reliability and validity for measuring the traits they represented.gvew when placed in
the model, problems with their relationship to each other and their ability to fully
represent the latent variables arose.
It should be noted that a potential problem with some measures may have been
the combination of two tests used to represent a cognitive skill. The total sarsple wa

made up of two different cohorts of students who attended first grade during two



consecutive years and each participant was assessed during the year he sirsfiestva
grade. After the first cohort was assessed, the school system rdghestme of the
tests be changed because they were used by the school system as pasnéassks
special education classifications. Due to this request, receptive langasgeeasured
by the PPVT and the CREVT, phonemic awareness was measured by the CTS#P Eli
subtest and the PAL Syllable and Phoneme subtest, and verbal working memory was
measured by the CTOPP Nonword Retrieval subtest and the WISC Digit Spast. subte
While the tests chosen to replace the original measures were based on tlaeitysim
methods and items with the original measures, this does introduce some possible
systematic differences in the data. Though the methods and items were Hieylavere
not identical and it is possible that the instruments were not assessing thekilgne
were not at the same level of difficulty.

For some latent variables in the model, positive results may have been obtained if
the measures had been more varied. The Fine-Motor variable was represewzd by t
subtests of the PAL: Finger Succession — Dominant and Finger Succession —
Nondominant. For these subtests the participants were asked to touch each ofgrsir fi
to their thumb five times in rapid succession. This measure has been found to be a strong
predictor of handwriting, spelling, and writing skills acquisition for elenrgrgehool
children (Berninger et al., 1992). The use of only these two closely related ns€asure
the Fine-Motor variable may have caused problems in analysis of the model. Tilenaddi
of a measure of handwriting ability may have added useful information to the model. The
difficulty in adding a handwriting sample is the lack of standardized protamols f

assessing handwriting skills.
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The Working Memory variable was also represented by only two indicator
measures. One of these indicators, verbal working memory, was among thieabnes t
used two different subtests for different cohorts as described previously. ftavaypeen
more in line with the model to have measures of long-term and short-term memory
included, but these were not included in the proposed model due to concerns that there
would not be enough data to support analyzing a larger model.

The Language variable was represented by a variety of indicatorighatla
well with the Not-So-Simple View of Writing model. Receptive language, phmnem
awareness, orthographic processing, and rapid automatized naming were incaed. T
of these indicators; receptive language and phonemic awareness, werntedrbyg two
different subtests for different cohorts as discussed previously. Examinattoa of
correlations of these indicators revealed several negative correlatidast, lonly the
orthographic processing (PAL Word Choice) and receptive language (PROMRET)
were positively correlated. The model was designed so that the indicatoresshblld
all represent skills that work together to promote higher overall langoagess The fact
that the tests were negatively correlated suggests that there ammebth using these
tests together to measure the Language variable.

The Attention/Executive Functions latent variable included measures ohsdlstai
attention, response inhibition, problem solving abilities, and fluency. This variable als
contained problems with negative correlations. Only the WJ-IIl Cog Planning asid \WJ
Cog Retrieval Fluency measures were positively correlated. The moslelesigned so

that the indicator variables represented skills that were part of the taieof t
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Attention/Executive Functions; however, the presence of negative correlationg éhe
indicator measures suggests that the measures were not aligned as expected.

Finally, the Text Generation variable was represented by only one indicator
measure, the WIAT Written Expression score. Ideally, the variable woulg leseated
by at least two indicators in a structural equation model (Kline, 2005). The lack of
standardized writing skills tests that have empirical evidence to support thateaden
only one measure being used in this study. The addition of more indicator meéasures
represent this latent variable may have described the variable bettdoamd dhe
model to be analyzed.

Additional Analysis

Additional analysis was conducted due to the inability to glean any resatedrel
to the research questions from the original analysis. Analysis of variatheds were
utilized to investigate the research questions by dividing the original sanmptevont
groups, an at-risk group and a typically developing group. For this study therdtanda
score of 85, which is one standard deviation below the mean, on the WIAT Written
Expression subtest was used to separate the sample into the typically develd@tg a
risk for writing problems groups. The use of one standard deviation below the mean was
selected based on the young age of the participants in the current study. Readnaf res
suggests that the identification of risk is not stable in the early elemeataryl years
and that when children who are identified as at risk (below the mean) in firstayeade-
tested in later grades they may have developed skills that place themvertgearange

(Phillips, Norris, Osmond, & Maynard, 2002). The use of one standard deviation below
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the mean as the differentiating score may create an at-risk group thanschthiren
that are more likely to develop later writing impairments.
Question la

Do students at-risk for writing problems differ from typically developing
students on the motor and cognitive components of fine-motor skillahguage skills,
attention/executive functioning skills, and working memory skillst was
hypothesized that the typically developing group would perform better orurasasf
fine-motor skills, language, attention/executive functions, and working memory. A
significant difference was found in the overall fine-motor variable. Thenfiawr
variable consisted of two measures, one for the dominant hand and one for the non-
dominant hand. The typically developing group did perform better on the measure for the
dominant hand, but there was no significant difference for the nondominant hand. The
fine-motor skills of the dominant hand may be more pertinent to writing skille #nec
dominant hand is the hand used for writing.

There was also a significant difference between the typically develgpoog
and the at-risk group for the overall language variable. Within this variablegpibally
developing group performed better on the rapid automatized naming task which looks at
orthographic-phonological coordination. The typically developing group also performed
better on the word choice task which measures orthographic processing bingsses
child’s accuracy and rate of access to word-specific representatitmmg-term memory.
The phoneme and receptive language tasks did not result in a significant d#ferenc
These results suggests that at the first grade level the abilifyidbyreecall and name

letters contributes to typical writing skills; as does the ability to ragidbess familiar
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word representations from long term memory. Phonemic awareness andseecepti
language do not differentiate typical from at-risk writers. These skéis lvetter
differentiate typical from at-risk writers later in development.

There was a significant difference between the typically devejaggd at-risk
groups for the attention/executive functions variable for the measures@fakfiuency,
planning, and commissions on a continuous performance test. The omissions measure on
a continuous performance test did not reveal a significant difference. Based on these
results, the ability to quickly and fluently access long-term memory and plaskilisg
contribute to writing ability. Sustained attention as measured on the continuous
performance test had variable results. The omissions measure, which counts the numbe
of times a target letter appeared and the participant did not hit the propdickegt
result in a significant difference between groups. However, the commissisuneea
which counts the number of times the participant hit a key for a letter that widxe not
target letter, resulted in a significant difference with the at-niskghaving a higher
mean. These findings suggest that difficulty inhibiting a response is thentleime
sustained attention that is a factor in writing skill development in thegfiasie year.
Previous research suggested that deficits in executive functions consaawriang as
opposed to early writing development (Berninger & Rutberg, 1992). However, tha result
of this study suggest that attention/executive functioning skills may be useful
identifying children with writing skill problems in early elementary sch8olstained
attention may contribute more to later writing, when individuals are eagbéatcreate

longer, cohesive written passages. However, at the first grade levabiliheto quickly
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retrieve information, plan, and inhibit responses may mark a divide between typical and
at-risk writers.

As hypothesized, the working memory variable did show a significant difference
between the typical and at-risk writers. The typical group had better resuitsth
verbal and nonverbal working memory measures. According to these results,ithe abil
to retain and manipulate information does appear to contribute to writing skills irsthe f
grade.

Overall, the results suggest that fine-motor skills, language, attentcuatese
functions, and working memory contributed to text generation skills in firsegitien
looking at discrete skills within these areas, it appears that dexteritg dbminant
hand, orthographic-phonological coordination and orthographic processing, long term
verbal retrieval and fluency, planning, the ability to inhibit responses, and verbal and
nonverbal working memory, are the skills that differentiate typical frenslkatvriters in
first grade. These findings support current writing models in that the aréas ofotor
skills, language, attention/executive functions, and working memory were found to
differentiate between at-risk and typical writers. However, previouswyritevelopment
research suggests that attention/executive functioning skills do not constteig wmtil
the junior high school level and verbal working memory does not constrain writing until
the intermediate grades (Berninger & Rutberg, 1992). While working memory and
attention/executive functioning skills may not constrain writing in class or &rave
influence on grades in writing, these cognitive skills may be early indscatavriting

problems.
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The results of this study suggest that the profile of a first-grade studera w
writing problem is one who has difficulty with writing hand dexterity, letter ingm
rapid recognition of familiar words, verbal retrieval of words, organizatidilé,s
inhibiting responses, and retaining and using information. A child with dexterity
problems may have difficulty manipulating a pencil to form legible passagkbave a
slow, labored handwriting which results in tiring easily or difficulty rateg what he or
she wants to write as they are writing. As previous research suggesisilitii¢o
accurately and automatically form letters conserves cognitive etfeaggan be spent on
higher-order cognitive processes necessary for writing (Berningkey #9@1, Berninger,
2002). The rapid naming of letters demonstrates an ability to automatically and
accurately recall the letters of the alphabet which allows children te words without
having to use cognitive energy to remember what a letter looks like or hoferiied.

If a child is expending memory and attention on letter recall, it may be maceiidifd
remember the whole word or sentence they are attempting to construct. Tlgea@bilit
rapidly identify visual representations of frequently used words also consegysve
energy for other tasks. The attention/executive functioning skills that,caagdo this
study identify at-risk writers include verbal retrieval of words, orgaramatiskills, and
inhibiting responses. Similarly to the language skill of rapid letter naemadgvord
identification, the ability to quickly retrieve words reduces the cognitmeegy needed to
find words to construct a sentence and this energy can be used for higher-osler skill
such as organization. Children who have trouble with retrieving words from long term
memory may take longer to form sentences and their sentences may usgrsjpefitese

language. Difficulties with organization skills would inhibit a child’s apitd form
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coherent sentences and paragraphs and make writing longer passages a lashrious t
The ability to inhibit responses allows a writer to control his or her attentida whi
writing and write methodically and deliberately; therefore, difficwlith inhibition may
result in poor organization and trouble with revision. Finally, children with poor working
memory skills have difficulty retaining and manipulating information, whichfiertes
with the ability to coordinate other cognitive skills. Writing is a complexgssdthat
requires the coordination of cognitive skills, and writing models have idehivioeking
memory as the process where this coordination takes place (Berningem$ 2006,
Hayes, 1996). The findings of this study suggest that the fine motor skill of writiag ha
dexterity; the language skill of letter naming and rapid recognition ofiéamiords; the
attention/executive functioning skills of verbal retrieval of words, organization, and
inhibiting responses; and working memory skills may be productive areas toféarget
writing skill development assessment and intervention in the early schos! feee can
provide early identification and intervention for these skills, we may be ablgtoum
later writing.
Question 2a

Are fine-motor skills, language, working memory, and attention/executive
functions predictive of writing skill for children in first grad e? Based on the results
of the logistic regression, the fine motor variable correctly predicted 58.3% o&ses.
The language, working memory, and attention/executive functions vanabdtesable to
predict additional cases (64.1%, 67%, and 71.4% respectively) and all of the steps
entered into the logistic regression were significant. It appearalthla¢ variables

contribute to the prediction of text generation performance in first grade, additien
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of the language variable, working memory variable, and the attention/exeftunions
variable added predictive power to the model. The addition of the language variable
resulted in a 5.8% increase in cases correctly identified; however, thegvoremory
variable only increased this percentage by 2.9% and the attention/executive functions
variable increased this percentage by 4.4%. These results suggest thanoedul
containing all cognitive variables, is predictive of text generation peaiocmin first
grade. The order the cognitive skills were entered into the model resulted in iredyes
more children being identified correctly. The model was proposed based o writi
development models; such as Juel, Griffith, and Gough’s (1986) Simple View of Writing
and the Not-So-Simple View of Writing (Berninger & Winn, 2006) which suggest that
transcription and language skills contribute to early writing skills and hayller
cognitive skills like working memory and attention/executive functioning skills
contribute to later writing. The current findings support these models in thatjbstyn
of the correctly classified cases were classified with just therimter and language
variables in the model. However, the addition of the working memory and
attention/executive functions variables did increase the percentage oflgodetified
cases. The proposed contributing motor and cognitive factors may be useful e®wredi
of writing skill problems in first grade children, which suggests this model as iblposs
blueprint for assessment of writing skills in early elementary school.
Limitations

The present study used data that were collected as part of a larger loagitudi

study of the development of writing skills. Therefore, the measures werdeaiedeand

the methods were not designed with the intention of using structural equation maaleling t
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investigate the Not-So-Simple View of Writing. When the data was entaied i
structural equation model, the covariance matrix was underidentified and nonpositive
definite. After exploration of the problems it was determined that attemptsdify the
model would result in output that was not interpretable.

If structural equation modeling methods had produced interpretable results, there
would still be limitations to the research outcomes. The purpose of the study ek t
at the process of early writing development. This study looked at only one model of
writing development and only provided information on the constructs that were part of
the proposed model. There may be other contributors to writing skill development that
were not addressed in this model. In addition, several environmental factors that have
been shown to have an effect on school achievement, namely teacher-student
relationships (Burchinal et al., 2002), limited instruction, limited cultural ésipeess,
and poor motivation (Gregg & Mather, 2002) were not explored.

Future Directions

Although the current model could not be run, the testing of a complete model of
writing development would add to the research. Future studies that are desygméokef
data collection stage to use structural equation modeling would give ressdhehe
opportunity to look at how all the proposed factors of a writing model work to support
writing skill development. Initial exploratory factor analysis with nueas of cognitive
functioning may help to inform the design of structural equation modeling studies. The
exploration of a complete theoretical model has the advantage of looking at the model as
a whole instead of in parts, which could shed additional light on how the factors in a

model interact with each other, and how they support writing development.
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Longitudinal studies would be beneficial in showing how the model may change
over time. Previous research has suggested that deficits in fine-motocskdisain
early writing, deficits in memory constrain writing in the intermegligars, and deficits
in executive functions constrain later writing (Berninger & Rutberg, 1992)ewenythis
study found that measures of working memory and attention/executive functions did
significantly differentiate between typically developing writers andetaigisk for
writing problems. Longitudinal studies of writing development models would add to this
research. A foundation of understanding the development of writing over time would
help inform instruction and intervention in writing for children. In addition, a better
understanding of the traits that contribute to writing skill as children agelvielp in
the identification of writing skill deficits.

This study was proposed to explore the Not-So-Simple View of Writing, but
research into other models of writing skill development would add to the literature.
Comparative studies of different models of writing skill development would also be a
valuable addition to the current writing research. Research of differentsmdg help
to focus the conceptualization of writing skill development and also inform bettargwri
instruction. In general, there is a lack of research on writing skill develtpmthe
early elementary school years in the literature (Edwards, 2003; Gratidanri&, 2005).
Recently writing research has shifted from a focus on competent adulgvio writing
development in children (Berninger, 1996). However, there is still much that could be
added to the literature to help us increase our understanding of how children become

competent writers.
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Appendix B: Reliability and Validity of Measures

Test Reliability Summary of Validity
Wechsler r=0.91 Expert judges, Item Response
Individual Theory methods (item-total

Achievement
Test — Second
Edition

correlations <20 removed),
correlations with other tests of
achievement (0.73 with WRAT3

(WIAT-II) Reading, 0.78 with WRAT3
Spelling)
Process dominant hand r=0.89, Study conducted with 300

Assessment of
the Learner
(PAL) Finger
Succession

non-dominant hand r=0.87

primary-grade children showed
significant correlation with
handwriting and narrative
compositional fluency

Comprehensive

2 age 6 r=0.92, age 7 r=0.91,

ltem discrimination and

Test of age 8 r=0.89 difficulty statistics, parameters i

Phonological Item Response Theory models,

Processing correlations with other tests of

(CTOPP) language (0.74 with WRMT-R

Elision Word Analysis, 0.73 with
WRMT-R Word Identification,
0.67 with TOWRE Sight Word
Efficiency, 0.68 with TOWRE
Phonetic Decoding)

Process syllable r = .80, Expert judges, empirical item

Assessment of
the Learner

phoneme r = .92

analysis, correlations with other,
tests (Syllables correlated 0.49

[

(PAL) with WIAT-1I Pseudoword

Syllables and Decoding, Phonemes correlate

Phonemes 0.56 with WIAT-II Pseudoword
Decoding)

Peabody age 6:0-6::=0.97, age 6:6-6:11 | Correlations with other tests of

Picture a=0.94, age 7. = 0.94, age 8= language (0.84 with EVT-2 for

Vocabulary 0.99 ages 5-6, 0.80 with EVT-2 for

Test-4 (PPVT- ages 7-10, 0.67 with CELF-4 fo

4) ages 5-8

The age 6o = .88, age & = .91, Correlations with other tests of

Comprehensive
Receptive and
Expressive
Vocabulary
Test — Second
Edition

(CREVT-2)

age 8o = .91

language (0.59 with PPVT-1V,
0.66 with WISC-I11l Vocabulary,
0.74 with CELF-R
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Test

Reliability

Summary of Validity

Process
Assessment of
the Learner

r=0.66

Expert judges, empirical item
analysis, correlations with other
tests (0.80 with WIAT-II

(PAL) Word Pseudoword Decoding)
Choice
Process letters r = 0.92, digits r = 0.84 Expert judges, empirical item

Assessment of
the Learner

analysis, correlations with other
tests (-0.72 with WIAT-II

(PAL) Rapid Pseudoword Decoding)

Automatized

Naming

Wechsler age 6 SSpF r=0.76, SSpB r = 0.8Research studies, review of

Intelligence age 7 SSpF r=0.70, SSpB r = 0.74#heortical literature, expert

Scale for age 8 SSpF r=0.79, SSpB r = 0.YTeviews, correlations with other

Children-1V- tests ( Working Memory scale

Integrated including Spatial Span correlate

(WISC-1V-I) 0.69 with CELF-4)

Spatial Span

CTOPP age6a = 0.80, age @ = 0.80, Item discrimination and

Nonword age 8a. = 0.80 difficulty statistics, parameters i

Repetition Item Response Theory models,
confirmatory factor analysis of
CTOPP shows Nonword
Repetition loads o the
Phonological Memory factor

Wechsler age 6 DSpF r=0.83, DSpB r = | Research studies, review of

Intelligence 0.83, age 7 DSpF r = 0.79, DSpB|rtheortical literature, expert

Scale for =0.69, age 8 DSpF r = 0.82, DSpBeviews, correlations with other

Children-1V- r=0.68 tests ( Working Memory scale

Integrated including Digit Span correlated

(WISC-1V-I) 0.69 with CELF-4)

Digit Span

Woodcock- age 6 r=0.67,age 7 r=0.75, Developed based on the Cattell

Johnson Tests| age 8 r = 0.69 Horn-Carroll theory of cognitive

of Cognitive abilities, outside experts used,

Abilities-llI content of test similar to other

(WJ-111 COG- well-established cognitive

Cog) Planning measures

WJ-1Il COG- |age 6r=0.79, age 7 r =0.80, Developed based on the Cattell

Cog Retrieval | age 8r=0.78 Horn-Carroll theory of cognitive

Fluency abilities, outside experts used,

content of test similar to other
well-established cognitive

measures
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Test Reliability Summary of Validity
Vigil omissionsn=.91, commissions, | Correlations with other tests of
Continuous a=.956, reaction time.=.896 attention (0.648 with Stop Signg
Performance Task for errors of omission,
Test 0.337 with Stop Signal Task for

errors of commission)

Wechsler age 6 r=.94, age 7 r = .93, age 8 iCorrelations with other tests
Abbreviated =.92 (0.81 with WISC-III, 0.87 with
Scales of WAIS-II1)
Intelligence
(WASI)Full
Scale-2
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Appendix C: Covariance matrix of the data

Fine-Motor Language Attention/Executive Functions Working Memory Text
Generation
PAL Finger | PAL Finger | PAL PPVT or | PAL CTOPP | WJ wWJ Vigil Vigil wWISC CTOPP WIAT
Succession | Succession | Word CREVT | RAN Elision Planning | Retrieval | Omissions | Commissions | Spatial | Nonword Written
Non Dominant Choice or Fluency Span Retrieval or | Expression
Dominant PAL WISC Digit
Syllable Span
and
Phoneme
PAL Finger 0.159
Succession Non
Dominant
PAL Finger 0.103 0.165
Succession
Dominant
PAL Word 0.001 -0.020 1.061
Choice
PPVT or 0.026 0.032 0.054 0.989
CREVT
PAL RAN 0.019 0.039 -0.235 -0.046 0.533
CTOPP Elision | 0.001 0.032 -0.019 -0.017 -0.022 0.755
or PAL Syllable
and Phoneme
WJ Planning 0.117 0.160 -1.563 -0.555 1.39% 0.277 7.321
WJ Retrieval 0.376 0.926 -1.896 0.789 3.299 -0.296 33.001 234.49
Fluency
Vigil Omissions | -0.394 -0.343 2.215 2.184 -3.70f 393 -15.835 -38.667 927.302
Vigil -0.326 -0.872 9.392 3.855 -5.75Q -4.586 -39.128 48R -545.034 4020.513
Commissions
WISC Spatial 0.055 0.069 -0.151 0.071 0.162 0.027 2.621 3.489 .05e2 -11.690 0.734
Span
CTOPP 0.006 0.018 -0.288 0.068 0.208 -0.026 2.149 4773 720 -11.283 0.270 0.835
Nonword
Retrieval or
WISC Digit
Span
WIAT Written 0.342 0.704 -4.546 -0.057 3.059 0.933 23.736 61.601 -8.193 -193.334 4.359 3.400 155.483
Expression
Means -0.177 -0.173 -0.365 0.000 0.186 0.096 1@6.1395.975 60.198 83.320 0.000 -0.001 86.481
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