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Abstract 

Written expression has long been viewed as a verbal task.  Although there is evidence that 

written expression requires a fluid interaction of multiple cognitive skills, including verbal 

comprehension, long-term memory, and working memory, there has been little or no attention 

paid to the role of perceptual reasoning skills.  This study aimed to fill that gap by examining the 

hypothesis that writing is a problem-solving task that requires perceptual thinking in actively 

synthesizing or transforming knowledge into written text.  When students translate their ideas 

into written language, they construct sentences out of words, paragraphs out of sentences, and 

essays out of paragraphs, a multi-level constructive process that is hypothesized to require 

perceptual reasoning.  A correlational study was conducted on retrospective data from seventh 

grade students on verbal comprehension, perceptual reasoning, and written expression.  The 

results suggest that for some aspects of written expression, perceptual reasoning has a significant 

contribution even after controlling for verbal comprehension skills.  The results are discussed 

with respect to the inclusion of perceptual reasoning skills in interventions aimed at improving 

students’ written expression. 
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Dedication 

 Understanding the role of spatial thinking skills, and WISC Block Design in particular, 

has been a prime interest of mine for more than two decades, ever since I first noticed a pattern 

of writing underachievement in verbally advanced high school students with relative weaknesses 

in Block Design.  The students with this profile became my favorite, because each time their 

psychoeducational assessment revealed both a relative weakness in Block Design and a pattern 

of academic underachievement, especially in their written work, I was determined that I was on 

to something that needed to be explored.  I had to figure out why these students struggled to 

achieve the academic success that should have been well within their reach.   

My initial research focus centered on studying those students; however, my attempts to 

enroll students who fit my profile of interest were unsuccessful.  They did not want to be studied.  

As twice exceptional learners, even the students I successfully recruited to participate in a pilot 

study feared being revealed as having any weaknesses that might hold them back from achieving 

their goals.  I needed to shift my research focus from the students themselves to the skills of 

perceptual reasoning and written expression, instead.  This dissertation is dedicated to all of the 

students I taught or advised over the years who were frustrated by and deeply ashamed of their 

grades because their parents and teachers, having observed the depth of their knowledge and 

complexity of thought, expected more from them.  It is my hope that the findings I present in this 

dissertation provide a small step forward in helping struggling students become successful 

writers. 

On a personal note, studying the role of spatial skills in writing brought me face to face 

with my own academic fears, particularly in the area of writing.  Throughout my Ed.D. program, 

I was challenged to overcome many of the obstacles with which my students wrestled.  
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Becoming a student again, especially a student of the writing process, connected me intimately to 

the cognitive, metacognitive, and emotional resources required to persevere through complex 

academic tasks.  This experience not only enabled me to grow as an individual, hopefully 

modeling for others that growth is always possible, but also made me a better educator and 

educational leader.   
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“Writing is about making the pieces fit.  

I have my little shelf of objects  

and I arrange them in a way that’s compelling to readers.” 

 

- Malcolm Gladwell, Malcolm Gladwell Teaches Writing on MasterClass  
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Chapter 1:  Introduction 

Written expression is a cognitively complex academic behavior through which 

individuals learn and express their ideas through different genres: narrative, informational, and 

persuasive essays (Berninger & Winn, 2006; Graham, 2006; Graham & Harris, 2000; Hayes & 

Flower, 1980).  Despite standards established by the Common Core State Standards (National 

Governors Association & Council of Chief State School Officers, 2010), on average 27% of U.S. 

public school students in 8th grade achieved writing proficiency on the 2011 National 

Assessment of Educational Progress assessment (U.S. Department of Education, National Center 

for Education Statistics, 2012), the most recent published data available.  Of the various genres 

of writing assessed, only approximately 25% of students’ persuasive essays met grade-level 

expectations (National Center for Education Statistics, 2012).  Those essays were shorter and 

less well-developed than the students’ narrative essays, suggesting students had not sufficiently 

mastered formal, structured writing. 

The consequence of students failing to develop written language competency in all genres 

of writing is a loss of opportunity to derive the benefits of writing to learn in school (Graham & 

Harris, 2015).  As adults, individuals with inadequate writing skills struggle to meet the writing 

standards of employers (Graham & Perin, 2007; see National Commission on Writing, 2006).  

Thus, it is concerning that writing has received inadequate attention in K-12 education (Graham 

& Harris, 2015) as curricula and accountability measures have focused primarily on reading and 

mathematics achievement (NRC, 2006).  Because of the potentially lasting implications of 

inadequate writing skills in 21st century educational and workplace settings, it is critically 

important to study the underlying causes of writing underachievement.   
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Well-constructed written text is understood to require the fluid interaction of various 

cognitive skills, including verbal comprehension (Cormier, Bulut, McGrew, & Frison, 2016; 

Nippold & Ward-Lonergan, 2010), vocabulary knowledge (Olinghouse & Wilson, 2013), long-

term memory (Hayes & Flower, 1980), working memory (Hayes, 1996; Kellogg, 1996; Kellogg, 

Olive, & Piolat, 2007; Swanson & Berninger, 1996; Vanderberg & Swanson, 2007), executive 

function (Altemeier, Abbott, & Berninger, 2008; Hooper, Swartz, Wakely, de Kruif, & 

Montgomery, 2002), attention (Hayes, 2012), and self-regulation (Altemeier, Jones, Abbott, & 

Berninger, 2006; Graham, 2006; Graham & Harris, 2000).  Individual students may experience 

difficulty learning to write as a consequence of weaknesses in any of these cognitive skills 

(Costa, et al., 2012).  Although the field of writing research has been investigating the cognitive 

basis of writing for decades, our understanding of the writing process remains incomplete 

(Abbott, Berninger, & Fayol, 2010; Hayes, 2012).  Until the cognitive processes of writing are 

fully understood and supported in K-16 writing instruction, students risk continued 

underachievement in the skills essential for success in school and in the workplace.   

One potential area for exploration in written expression is the role of perceptual skills – a 

class of skills that encompass the mental operations involved in solving novel problems, 

identifying relationships according to a set of rules, organizing thoughts, and generating 

solutions (Dowell & Mahone, 2011).  An hypothesized role for these skills in written expression 

stemmed from the author, a K-12 educator, having observed an apparent pattern of writing 

underachievement in high school students who possess weaknesses in perceptual reasoning 

relative to average to superior verbal abilities as assessed by individual subtests of the Wechsler 

Intelligence Scale for Children (WISC-IV; Wechsler, 2003a).  As their writing assignments 

increased in complexity through middle and high school, the quality of their written work failed 
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to reflect the verbal abstract reasoning and fund of vocabulary knowledge that characterized the 

students’ oral expressive language.  In contrast, students with evenly developed, average to 

below average perceptual reasoning and verbal scores neither demonstrated similar levels of 

frustration, nor generated notably weaker written text than their teachers expected.   

Specific cognitive skill weaknesses can impact the process of translating thoughts into 

written text (Costa et al., 2012).  For example, weaknesses in working memory and the 

transcription skills of handwriting and spelling negatively impact the quality of written text 

(Fayol, Alamargot, & Berninger, 2012; Hayes, 2009).  In order to develop a complete 

understanding of the process of writing, all potential constraints of this process need to be 

explored.  The question underlying the present study is whether a weakness in perceptual skills 

relative to verbal strengths may limit a writer’s ability to organize and translate ideas into written 

text. 

Studies of atypical populations offer one basis for exploring the relationship between 

perceptual reasoning and written expression.  For example, a subtype of individuals with 

nonverbal learning disorder, identified in part by weaknesses in nonverbal, perceptual reasoning 

despite verbal comprehension strengths, is associated with written expression difficulties, 

particularly disorganized text (Davis & Broitman, 2011; Mamen, 2002; Pelletier, Ahmad, & 

Rourke, 2001).  Cognitive skill deficits including perceptual reasoning have also been associated 

with the presence of writing disability in gifted students with a specific learning disability and in 

students with ADHD.  For example, in a study investigating the cognitive predictors of gifted 

students with written language disability, Assouline, Foley Nicpon, and Whiteman (2010) noted 

participants’ verbal abilities generally exceeded their nonverbal reasoning abilities.  However, 

given the broad range of cognitive scores in their sample, the authors did not discern any 
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particular pattern of cognitive strengths and weaknesses associated with a written language 

disability.  Mayes and Calhoun (2007) reported that a learning disability in writing in children 

with ADHD was predicted by cognitive skill weaknesses reflected in their WISC-IV Block 

Design subtest scores; however, Block Design was not as strongly predictive as working memory 

and verbal comprehension.  In their study of adults with either a history of traumatic brain injury 

or documented learning disabilities, Wheeler, Nickerson, Long, and Silver (2014) reported that 

scores on the Wechsler Adult Intelligence Scale Block Design subtest predicted the quality of 

written text.  Several aspects of this study limit the validity of the authors’ conclusions, however.  

Inclusion criteria were broad, sample sizes were small, no normal control group was included, 

and the writing samples were scored in an atypical manner.  Although none of these studies 

directly addressed the question as to whether perceptual reasoning plays a role in written 

expression, together, they offer tentative correlational evidence for a connection between 

perceptual reasoning and written expression. 

Indirect support for a relationship between perceptual reasoning skills and written 

expression can be found in descriptive reports of innovative approaches to teaching writing to 

undergraduate students.  For example, instructional interventions using constructive blocks and 

building materials during the planning phase of writing have been reported anecdotally to 

improve the writing process and outcome for struggling writers.  Hecker (1997) observed that 

undergraduate students with learning disabilities, such as dyslexia or ADHD, who organized 

their ideas by constructing three-dimensional models before translating their thoughts into 

language gained new insight into the writing process.  Previously, these students had been 

stymied by frustration and handed in poor quality writing or none at all.  After engaging in this 

nonverbal planning activity, they successfully completed well-organized and logically sequenced 
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written text with clarity and ease.  Fallin (2017) observed that struggling undergraduate writers 

often lacked an understanding of how to effectively structure a paragraph.  Once they learned to 

use Lego bricks as a metaphor for the structure of a paragraph and the essay as a whole, students 

could successfully organize their ideas in writing.  Fallin surmised that clicking the blocks 

together to construct a model of the argument to be written strengthened students’ understanding 

of the connectives that lead the reader from one idea to the next.  A. E. M. Brodsky (personal 

communication, March 21, 2019) similarly used constructive blocks to teach argumentative 

writing to first-year undergraduates, in which students were offered a variety of blocks to build 

three-dimensional structures to represent their thinking in ways unique to the individual learner.  

Although these anecdotal observations suggest that leveraging perceptual thinking skills may 

improve written expression, no systematic research studies to date have been conducted to 

explore a potential association between perceptual thinking and written expression. 

1.1 Theoretical Framework 

The theoretical framework guiding the current study is the cognitive theory of writing, in 

which skilled adult writers engage in a process of writing that involves planning, 

translating/transcribing, and reviewing/revising (Hayes & Flower, 1980).  According to this 

theory, planning is an iterative process that takes place both prior to and throughout the writing 

process and is subdivided into three components: goal and subgoal setting, idea generating, and 

organizing (Hayes & Flower, 1980).  Translating is defined as the process of transforming 

thoughts into written language (Flower & Hayes, 1981), in which skilled writers actively shape 

their ideas into sentences and paragraphs that transmit the author’s intended message to the 

reader.  Throughout the writing process, skilled writers continually review the text as they write, 

and, when problems are identified, resolve those problems through retranslation (Hayes, 2012).  
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The extent to which writers engage in actively organizing words and sentences into a structure 

specific to the genre and goals of the text varies depending on the age, skill, and goals of the 

writer.  Young children, unskilled writers, and writers with learning disabilities engage in 

knowledge-telling, a form of writing that resembles oral conversation in that writers select a 

topic of interest, retrieve readily accessible content knowledge from memory, and transcribe their 

thoughts as they arise (Bereiter & Scardamalia, 1987).  As children are taught to plan, organize, 

and assemble their ideas into structured written text, they begin to develop the skills of higher-

order knowledge-transforming writing (Bereiter & Scardamalia, 1987), in which perceptual skills 

are hypothesized to play a key role.   
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Chapter 2:  Review of Literature 

2.1 Written Expression 

Written expression has primarily been considered a language-based activity in which the 

quality of written expression is predicted by the strength of children’s verbal skills (Vellutino, 

2006).  Written expression begins at the most basic level with young children learning to read 

words based on correspondences from letters to phonemes (decoding) and to spell words based 

on correspondences from phonemes to letters (encoding) (Vellutino, 2006).  Throughout 

elementary school, students learn to integrate successive levels of language as they build phrases 

and sentences out of words, paragraphs out of sentences, and essays out of paragraphs 

(Berninger, Mizokawa, Bragg, Cartwright, & Yates, 1994; Whitaker, Berninger, Johnston, & 

Swanson, 1994).  As students progress through middle and high school, writing assignments 

increasingly demand the integration of (a) precise, discipline-specific, and varied vocabulary 

(Olinghouse & Wilson, 2013); (b) application of grammar and syntax; (c) incorporation of 

linguistic markers to convey the author’s perspective and intention (Schleppegrell, 2001); and (d) 

use of connecting words and phrases to communicate the relationships between ideas, sentences, 

and paragraphs (Gregg & Nelson, 2018; Halliday & Hasan, 1976; Swales, 1990).  In this 

framework, writing is a multi-level process in which successive levels of language are integrated 

in the production of written text. 

Knowledge of vocabulary and the rules of grammar, alone, however, is insufficient to 

meet the goals of complex, knowledge-transforming writing assignments.  Writing that 

successfully integrates levels of language requires the writer to employ increasingly 

sophisticated writing strategies (Graham, 2006; Hayes & Nash, 1996; Rodríguez, Grünke, 

González-Castro, García, & Álvarez-García, 2015) and active problem-solving processes 
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(Hayes, 2012) in which perceptual skills are posited to be essential (Olive, 2012).  In order to 

organize and construct written text, skilled writers must begin by planning (Hayes & Flower, 

1980).  Planning is a recursive process that takes place in advance of and during writing 

(Berninger & Swanson, 1994; Torrance, 2016), at both the sentence level and at the level of the 

text as a whole (Berninger, Fuller, & Whitaker, 1996; Perl, 1979), and in a variety of forms 

unique to the writer (Lassonde & Richards, 2013), context, and genre (Davidson & Berninger, 

2015).  Planning is, in part, a spatial task (Berninger et al., 1996) that involves problem analysis, 

in which writers form a mental representation of the assignment’s topic and the function of the 

text to be written based on the written directions (Bereiter & Scardamalia, 1987; Meneghetti, 

Pazzaglia, & De Beni, 2015) and genre structure (Hayes & Flower, 1980; Shanahan, 2015).   

Problem analysis requires breaking down the mental representation of the text to be written into 

goals and subgoals (Hayes & Flower, 1980).  Students who engage in problem analysis write 

more compelling arguments than students who fail to engage in this aspect of planning (Olive, 

2012; Scardamalia & Bereiter, 1986).  

To construct written text, the writer selects, synthesizes, and organizes specific 

vocabulary into a logical structure that reflects the writer’s understanding of the abstract 

relationships among the key ideas and supporting details (Graham & Perin, 2007; McCulley, 

1985; Tversky, 2005).  Successful strategies incorporate knowledge of context and text already 

written in order to identify related ideas and appropriate linking words or phrases.  The process 

of actively organizing and integrating individual pieces of information into a coherent written 

text (Hennes, Buyuknarci, Rietz, & Grunke, 2015; Hooper, et al., 2002) involves skilled writers 

alternately focusing on the overarching structure of the text and the relevant details (Hayes & 

Flower, 1980; Kellogg, 1996) within an organizational framework posited by Hayes (1996) to be 



ROLE OF PERCEPTUAL REASONING IN WRITTEN TEXT 

 9 

supported by spatial skills.  Struggling and novice writers focus on the local details at the 

expense of the global structure (McCardle, Miller, & Connelly, 2018).   

2.2 Perceptual Reasoning 

Perceptual reasoning skills encompass a broad category of constructs, including visual 

perception, visualization, visual orientation, mental rotation, perceptual construction, 

transformation, deductive and inductive reasoning, pattern recognition, sequencing, and visual 

memory (Tversky, 2005; Uttal, Miller, & Newcombe, 2013; Uttal & O’Doherty, 2008), skills 

often associated with the development of creative, mathematical, and scientific thought (e.g., 

Gilligan, Flouri, & Farran, 2017; Hsi, Linn, & Bell, 1997; Kell & Lubinski, 2013; Kell, Lubinski, 

Benbow, and Steiger, 2013; McCormack, 2017; Uttal, et al., 2013).  Perceptual skills underlie 

the ability of an individual to translate language into mental models that accurately conceptualize 

the relationships among elements of a mathematics problem or written text (Guisande, Tinajero, 

Cadaveira, & Paramo, 2012; Johnson-Laird, 1983; Uttal & O’Doherty, 2008; Uttal et al., 2013).  

Perceptual reasoning also reflects one’s ability to accurately perceive both the gestalt and the 

details of a problem (Garcia, Mammarella, Tripodi, & Cornoldi, 2014; Lowrie & Diezmann, 

2007; Waldron & Saphire, 1990) and to break down and organize a complex task (Davidson, 

Deuser, & Sternberg, 1994; Torrance, 2016; Uttal et al., 2006).   

Individuals vary in the strength of their perceptual skills.  Strengths in perceptual 

reasoning enable individuals to visualize spatial relationships, recognize patterns, and envision 

novel problem solutions (Cooper, 2000).  Perceptual weaknesses, in contrast, impede an 

individual’s ability to create a mental representation from written descriptions (Meneghetti et al., 

2015), select and attend to relevant stimuli (Margolis et al., 2016), perceive both the gestalt of a 

problem and the relationships among individual elements, and break down and organize parts of 
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large tasks (Cardillo, Mammarella, Garcia, & Cornoldi, 2017; Guisande et al., 2012; van 

Garderen, 2006).  Students with perceptual weaknesses may become easily overwhelmed by 

complex, multistep problems and attempt solutions without following a defined strategy 

(Waldron and Saphire, 1992).    

In the K-12 educational setting, one common approach to measuring perceptual skills is 

the Wechsler Intelligence Scale for Children (WISC-IV; Wechsler, 2003a).  The WISC-IV 

battery is divided into four index scores, measuring skills in the verbal, perceptual, working 

memory, and processing speed domains.  Perceptual reasoning skills are assessed by three 

subtests that comprise the Perceptual Reasoning Index: Block Design, Matrix Reasoning, and 

Picture Concepts, of which the latter two are described in more detail in the Methods section.  

Perceptual reasoning tasks encompass a category of skills, including visual-spatial and visual-

motor skills, and draw upon cognitive flexibility and working memory.   

Of particular interest in this study was the WISC-IV Block Design subtest and its 

relationship to constructing written text.  Block Design evaluates a child’s ability to construct a 

visual pattern using perceptual deductive/analytic and inductive/synthetic reasoning, mental 

rotation, and perceptual working memory (Miller & Hale, 2008).  Additional skills include 

visual-motor coordination, cognitive flexibility, figure-ground perception, pattern recognition, 

and visual transformation (Miller & Hale, 2008).  In Block Design, the student is presented with 

an abstract visual design composed of two colors (red or white) and instructed to reproduce the 

design out of blocks that are entirely red, entirely white, or half red on one side of a diagonal and 

half white on the other side of the diagonal.  To solve this timed task, many students study and 

visually segment the design into block-sized elements, then shift back and forth between the 

design and the blocks, identifying the individual blocks that match each element of the design 
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and manually rotating and assembling those blocks into the correct orientation and arrangement 

to match the original design (Sattler, 2008).  Others may use a trial-and-error approach or 

construct the image following the overall outline of the design, or some combination of these 

three (Sattler, 2008).   

Students who earn high scores on Block Design successfully attend to and perceive 

relationships among local (inside elements of the figure) and global (outside boundaries) 

dimensions of the design (Landau & Hoffman, 2012) and take an active role, using both hands to 

solve the task (Guisande et al., 2012).  In contrast, students for whom Block Design performance 

is an area of significant weakness demonstrate deficits in the ability to identify relationships 

among individual elements of the problem (Cardillo et al., 2017; Pelletier et al., 2001).  

Individuals with verbal strengths who possess a nonverbal learning disability experience 

difficulty analyzing and synthesizing spatial patterns and comprehending, conceptualizing, and 

generating mental models of verbal descriptions (Johnson-Laird, 2001; Mammarella, 

Meneghetti, Pazzaglia, & Cornoldi, 2015; Mammarella et al., 2009).  Individuals with William 

Syndrome, a genetic disorder noted for severely impaired spatial abilities, for whom Block 

Design deficits serve as a diagnostic marker, can perceive either the local elements or the global 

whole of a spatial design (Bellugi, Wang, & Jernigan, 1994; Landau & Hoffman, 2012), and fail 

to recognize the spatial relationships among individual elements in the design (Bihrle, Bellugi, 

Delis, & Marks, 1989).  Perceptual skills, as measured by the WISC-IV Block Design subtest 

and the WISC-IV Perceptual Reasoning Index in general, therefore, are important for breaking 

down a problem into its component parts, recognizing the relationships among those parts, and 

then integrating the individual elements to construct the whole. 
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The premise behind the current study was the apparent similarity between the task 

demands of WISC-IV Block Design and the construction of written text at the sentence, 

paragraph, and essay level, as is shown in Table 2.1.  Both were hypothesized to involve the 

steps of forming a mental representation that captures both the global and local aspects of the 

task to be completed, visual segmentation of the individual components of the task and their 

relationships to one another, and assembly or construction of the product in alignment with the 

original goals of the task. 

             

Table 2.1 

Comparison of Hypothesized Task Demands of WISC-IV Block Design and Written Expression 

WISC-IV BD Written Composition 
 
Form mental representation of target design 
 
 

 
Form mental representation of text to be 
written based on prompt 

Visually segment target design into block-
sized component parts 
 

Break down writing task into component parts 
 

Sort through blocks to identify block faces 
that match the component parts of the target 
design 
 
Mentally and physically rotate blocks to 
match design components 
 

Identify vocabulary words needed to convey 
the writer’s intended meaning 
 
 
Organize words into phrases that reflect the 
intended relationships between ideas 

Construct design out of selected blocks to 
match target design 

Transcribe sentences, paragraphs, or essay to 
match prompt 
 

 

The current study was designed to assess the contributions of perceptual reasoning skills 

to overall written expression and the subcomponents that make up these skills.  Perceptual 
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reasoning skills are hypothesized to contribute to the ability of a writer to create a mental 

representation of the assignment, structure the overall shape of the text, segment the text to be 

written into individual points, and organize specific vocabulary words into coherent written text 

that clearly conveys the author’s ideas.  Given that a variety of cognitive skills both directly and 

indirectly contribute to written expression, it was important to explore whether perceptual 

reasoning skills contribute to written expression (Kim & Schatschneider, 2016), either by adding 

to or interacting with verbal skills.   

 The goals of exploring a potential association between perceptual reasoning skills and 

written expression included: 

a. Providing empirical support for incorporating perceptual reasoning strategies into the 

instruction of writing to improve written expression.   

b. Suggesting potential solutions to improve the writing of students whose 

underachievement might be attributable to perceptual reasoning weaknesses. 

2.3 Research Questions 

The current study took a multi-step approach to understanding the contributions of 

perceptual reasoning skills to written expression, as measured by written expression overall and 

by the individual components that comprise the written expression score.  The following research 

questions were aimed at first demonstrating the known contribution of language skills to written 

expression and then asking whether perceptual skills make additional contributions: 

1. To what extent are verbal skills related to written expression overall? 

2. Does the strength of the relationship vary for different components of written 

expression? 
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3. To what extent are perceptual reasoning skills related to written expression overall 

beyond the contributions from verbal skills? 

4. Does the contribution of perceptual skills vary for different components of written 

expression?  Most notably, do these skills primarily impact aspects of written 

expression that reflect the structure of written text (e.g., sentences, paragraph 

organization)? 

5. If both verbal and perceptual skills contribute to written expression (overall or 

individual components), are the contributions additive or interacting? 

6. If verbal and perceptual skills contribute to written expression, is an interaction 

observable between verbal skills and the perceptual subtest most analogous to the 

process of writing, WISC-IV Block Design?   
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Chapter 3:  Methods 

3.1 Dataset 

The retrospective data used in the study were a subset of those collected by a research 

team directed by dissertation committee member, Virginia W. Berninger, Ph.D., Professor 

Emerita University of Washington, under a grant from the Eunice Kennedy Shriver National 

Institute of Child Health and Human Development (HD25858).  Berninger led a five-year 

longitudinal study, Literacy Trek, to study reading, writing, and oral language development in 

typically developing students.  Children were assessed annually beginning in the 2001-2002 

school year from grade 1 to grade 5 (cohort 1) or grade 3 to grade 7 (cohort 2).  Data analyses 

and publications continued through 2020.  The dataset includes more than 400 variables (see 

Appendix B), including WISC-IV index and subtest scores; WIAT-II Reading, Spelling, Written 

Expression, and Oral Expression scores; handwriting; and attention, inhibition, and executive 

function.  Although verbal intelligence had been assessed from the beginning of the data 

collection, nonverbal intelligence was only assessed in 2006 (Year 5).  Nonverbal intelligence 

was added in response to research conducted by the Multidisciplinary Learning Disabilities 

Center at the University of Washington also funded by NICHD (Principal Investigator Virginia 

Berninger) showing that different specific learning disabilities exhibited contrasting relationships 

between verbal and nonverbal intelligence (e.g., Berninger, 2009; Berninger, Richards, & 

Abbott, 2015).  The current study focused on the measures of verbal reasoning, nonverbal 

reasoning, and written expression on seventh grade students from 2006.  Data were used with 

permission of the (now retired) Principal Investigator (Virginia Berninger) and statistician 

(Robert Abbott) at the University of Washington. 
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A variety of research has been published from this dataset in recent years (see Appendix 

A for a listing of published research articles, books, and book chapters).  For example, Abbott et 

al. (2010) explored the longitudinal relationships across grade levels between spelling and 

composing of written text, between spelling and word reading, and between comprehension and 

composition.  Alston-Abel and Berninger (2018) studied the relationships between parent-

reported home literacy activities and children’s reading and written expression in grades one 

through seven.  Berninger and Abbott (2010) explored the relationships among listening 

comprehension, reading comprehension, oral expression, and written expression at three 

different ages of development.  Davidson and Berninger (2015) investigated intra- and inter-

individual differences among fifth and seventh grade students in quality, organization, and length 

of written text for three genres of expository essays: informative, compare and contrast, and 

persuasive.  Notably, however, the data have not addressed the contribution of perceptual 

reasoning to written expression. 

The merits of using this dataset were several.  First, the participants were typically 

developing seventh grade students, at an age when cognitive skills have matured sufficiently to 

facilitate the acquisition of advanced problem-solving, organization, and composition skills 

(Berninger & Swanson, 1994), for which perceptual skills are hypothesized to play a role.  

Younger students are still mastering local transcription skills (e.g., handwriting, spelling) (Lin, 

Monroe, & Troia, 2007; Wray, 1993) and have not yet progressed to knowledge transforming 

writing.  In addition, the sample was roughly balanced with respect to gender,1 controlling for the 

potential impact of any gender differences, and participants varied in background and 

educational experiences that could affect outcomes.  Although potential individual and gender 

 
1 Study did not include an option for non-binary in 2006. 
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differences introduce noise, they also prevent skew that can occur from narrower groups.  

Restricting to a single grade and year still provided a sample (n = 99) sufficient for the planned 

analyses.  Second, the measures available in the dataset were appropriate.  The WISC-IV and 

WIAT II are standardized, normed tests widely accepted as appropriate measures of the 

constructs of interest. 

3.2 Participants  

The study included retrospective data from 99 typically developing seventh grade 

students (50 girls, 49 boys).  In the original study, parents or guardians were asked to complete a 

pencil and paper questionnaire of students’ age, gender, race/ethnicity, English language learner 

status, developmental milestones, educational history, parental educational attainment, and 

facility with and knowledge of vocabulary, sentence structure, and genre knowledge and skills, 

all of which may impact essay quality.  All participants were proficient in English as a first or 

second language.  Additional demographics as measured in the original study are shown in Table 

3.1 and reflected the local population (Abbott et al., 2010).   
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Table 3.1 

Participant Characteristics 

Race/Ethnicity2 % Sample 

European-American 65.5 

African-American 21.2 

Hispanic 0.9 

Other 2.7 

Mother’s Education  

Partial high school to high school completion 7.1 

Partial college education 11.5 

Completed college education 50.4 

Completed graduate education 30.1 

No info available 0.9 

Father’s Education  

Partial high school to high school completion 7.1 

Partial college education 14.2 

Completed college education 36.3 

Completed graduate education 35.4 

No info available 7.2 

 

3.3 Power Analysis 

To estimate the power to detect a statistically significant relationship between predictor 

and outcome variables in this database, a power analysis for linear multiple regression, fixed 

model, R2 deviation from zero, post hoc analysis given an α of .05, sample size of 99, and 

estimated effect size of .15 was computed in G*Power 3.1.9.6 (Faul, Erdfelder, Buchner, & 

 
2 Categories for Race/Ethnicity reflect the classifications common at the time of the original data 
collection. 
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Lang, 2009).  Estimates of power ranged from .968 with one regressor to .870 for four regressors 

in the most complex model.  With an estimated effect size of .25, power estimates ranged from 

.998 for one regressor to .985 for four regressors.  As a point of comparison, working memory 

predicted essay structure in 160 tenth grade students with a ß of .40 (p < .01) (Vanderberg & 

Swanson, 2007).  NoackLeSage et al. (2019) reported that verbal comprehension explained 17% 

of the variation in written expression with a ß of .32 (p < .01) from a sample size of 98.  Thus, 

the sample used for this research study had sufficient power. 

3.4 Measures 

Students were assessed on the following measures during the second, third, or fourth 

month of their seventh-grade year.  Measures were administered by trained and supervised 

graduate students.  Appendix B provides a comprehensive list of the variables collected in the 

original dataset.  From that list, the measures and specific variables germane to the analysis were 

selected.  Students were assessed in grade 7; however, scores were reported by age rather than by 

grade to reduce variability since students in the same grade could range widely in age.  Table 3.2 

organizes the constructs being studied, the measures operationalizing those constructs, and the 

primary role of the measures in the analyses.   

 

 

  



ROLE OF PERCEPTUAL REASONING IN WRITTEN TEXT 

 20 

Table 3.2 

Constructs, Measures, and Analytical Roles 

Construct Measure(s) Analytical Role 

Verbal Comprehension 

 

 

 

Perceptual Reasoning  

 

 

 

Written Expression 

 

 

 

WISC-IV Verbal Comprehension Index 

WISC-IV Similarities subtest 

WISC-IV Vocabulary subtest 

WISC-IV Comprehension subtest 

WISC-IV Perceptual Reasoning Index  

WISC-IV Block Design subtest  

WISC-IV Matrix Reasoning subtest 

WISC-IV Picture Concepts subtest 

WIAT II Written Expression Composite  

WIAT II Word Fluency 

WIAT II Sentences 

WIAT II Paragraph A 

WIAT II Paragraph A Mechanics 

WIAT II Paragraph A Organization 

WIAT II Paragraph A Vocabulary 

Predictor 

Predictor 

Predictor 

Predictor 

Predictor 

Predictor 

Predictor 

Predictor 

Outcome 

Outcome 

Outcome 

Outcome 

Outcome 

Outcome 

Outcome 

Note. Wechsler Intelligence Scale for Children (WISC-IV) and Wechsler Individual 

Achievement Test (WIAT II) measures given in Year 5, Grade 7.  
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Wechsler Intelligence Scale for Children, Fourth Edition (WISC-IV; Wechsler, 

2003).   

The Wechsler scales are the most commonly used measure of intellectual abilities in K-

12 educational settings.  At the time the data were collected, the WISC-IV was the most recent 

version available.  The WISC-IV is comprised of four composite indices, Verbal Comprehension 

Index (VCI), Perceptual Reasoning Index (PRI), Working Memory Index (WMI), and Processing 

Speed Index (PSI).  Only VCI and PRI and their subtest scores were obtained as part of the data 

collection.  Scores for all subtests were reported as standard scores by age for Year 5. 

WISC-IV Verbal Comprehension Index. The VCI was used as an overall measure of 

verbal skills in the analysis and is based on three subtests: Vocabulary, Similarities, and 

Comprehension.   

WISC-IV Vocabulary.  WISC-IV Vocabulary (Vocab) is comprised of 29 test items in 

which the student is asked to name the object in a picture or define words read aloud (Sattler, 

2008).  For each picture item, the student earns 1 point for a correct answer or 0 points for hand 

gestures or generalized responses.  For each verbal item, the student may earn 0, 1, or 2 points.  

If the student responds with an answer that demonstrates no understanding of the word, provides 

a nonverbal response, or responds in any other manner that lacks content, a score of 0 is 

recorded.  If the child’s response is vague, unelaborated, or offers a minor use of the word, a 

score of 1 point is awarded.  Full credit is earned for answers that represent major uses of the 

word or an accurate description or example of a primary feature of that word.  This untimed test 

measures word knowledge which is correlated with vocabulary diversity, content, and maturity 

of written text (Olinghouse & Wilson, 2013).  Secondary constructs measured by Vocabulary 
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include long-term memory, verbal comprehension, verbal fluency, receptive and expressive 

language (Sattler, 2008).   

WISC-IV Similarities.  WISC-IV Similarities (Simil) includes 23 test items for which the 

student is read two words (e.g., fall – spring, sweet – salty, elbow – wrist).  The student must 

perceive the common elements between each pair of words and verbally identify the concept that 

best describes the commonality (Sattler, 2008).  For responses that define each word, identify the 

differences between the words, or are too general, the item earns 0 points.  Responses that 

provide a concrete property common to both words or a minor similarity earn 1 point.  The full 2 

points are awarded for responses that represent a major classification or abstract conceptual 

relationship (Sattler, 2008).  This untimed test measures verbal concept formation, abstract 

thinking, word knowledge, and long-term memory (Sattler, 2008).  Other constructs measured 

include word retrieval, ability to distinguish essential from non-essential detail, and associative 

reasoning (Sattler, 2008). 

WISC-IV Comprehension.  WISC-IV Comprehension (Compr) items ask students to use 

facts in a relevant and meaningful manner to verbally explain familiar situations or actions in 

areas such as health and safety practices, social rules, energy savings, and U. S. governmental 

regulations (Sattler, 2008).  Comprehension includes 21 items which are each scored 0, 1, or 2 

depending on whether the student’s response is incorrect, somewhat correct or complete, or 

complete.  An untimed test, Comprehension measures practical reasoning, common sense social 

judgment, verbal comprehension, crystallized knowledge, long-term memory, and logical 

reasoning (Sattler, 2008). 
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 WISC-IV Perceptual Reasoning Index.  The PRI served as an overall measure of 

nonverbal, perceptual reasoning ability and is based on three subtests: Block Design, Picture 

Concepts, and Matrix Reasoning.   

WISC-IV Block Design.  For the WISC-IV Block Design (BD) subtest, the student is 

presented with 13 test items in which an abstract design must be mentally broken down into 

component parts and then reassembled using blocks that match elements of the design.  In order 

to place each block into the orientation and location that matches the original design (Mervis, 

Robinson, & Pani, 1999), the student shifts back and forth to compare the global target design 

with the individual elements available on each block (Miller & Hale, 2008).  Not all students 

employ this particular approach; some may use trial-and-error, construct the image following the 

overall outline of the design, or some combination of the three (Sattler, 2008).  The difficulty 

level is reflected by the complexity of the design to be copied and the number of blocks required 

to construct the design (Mervis et al., 1999).  The first three items receive scores of 0 for 

incorrect constructions on each of two trials, 1 for correct construction on the second trial, and 2 

for correct construction on the first trial.  The next six items receive scores of 0 for incorrect 

construction within the time allotted or 4 for correct construction.  For the final four items, scores 

of 0, 4, 5, 6, or 7 can be earned depending on the length of time required to successfully 

construct the matching design, with more points awarded for completion over a shorter period of 

time.  This timed test is designed to evaluate a child’s perceptual organization and nonverbal 

reasoning ability.  Additional skills tested include visual perception, visual-motor coordination, 

analysis and synthesis, and ability to perceive relationships and identify patterns, distinguish 

figure from ground, and reorganize or transform visual information (Sattler, 2008).   
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WISC-IV Picture Concepts.  WISC-IV Picture Concepts (PC) includes 28 items in which 

the student is presented with two or three rows of pictured objects and is asked to select one 

picture from each row that together represent a common concept or category.  Each response is 

scored 0 or 1.  To receive a 1, the student must select the correct picture in each row by either 

pointing to, naming, or stating the number assigned to the picture.  An untimed task, Picture 

Concepts measures abstract, categorical reasoning, visual perceptual reasoning, fluid reasoning, 

ability to distinguish essential from non-essential detail, and crystallized knowledge (Sattler, 

2008).   

WISC-IV Matrix Reasoning.  For the WISC-IV Matrix Reasoning (MR) subtest, the child 

is shown a visual pattern or matrix, of which one component is missing.  From a selection of 

options, the child is asked to choose the component that completes the matrix.  This subtest 

includes 35 items, each of which is scored 0 for an incorrect response or 1 for the correct 

response.  Matrix Reasoning is untimed and measures visual-perceptual reasoning, analogical 

reasoning, fluid reasoning, and attention to visual detail (Sattler, 2008).  Visual-constructive 

skills and verbal mediation may also be involved (Sattler, 2008).   

 Wechsler Individual Achievement Test, Second Edition (WIAT II; Psychological 

Corporation, 2001).  The WIAT II provides a complement to the WISC-IV by addressing 

elements of academic achievement in reading, mathematics, written expression, listening 

comprehension, and oral language expression.  This study focused on the measures of written 

expression.   

WIAT II Written Expression.  The WIAT II Written Expression composite score (WE) is 

comprised of three tasks which together measure multi-level written expression: Written Word 

Fluency, Sentence Combining, and Paragraph task.  All WIAT II subtests were administered and 
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scored according to criteria delineated in the test manual.  Not all participants answer every test 

item because start and stop points differed based on the number of items answered incorrectly.  

Scores were reported as standard (scaled) scores by age for Year 5.  The Written Expression 

composite score and each of the three subcomponents were included in the analysis.   

WIAT II Word Fluency.  In the WIAT II Word Fluency (WF) task, students are instructed 

to write as many words as they can belonging to a specified category written within 60 seconds.  

Two points are awarded for each multi-syllabic word that belongs to the specified category.  One 

point is awarded for acceptable mono-syllabic words.  Words that do not belong to the category 

receive 0 points.  WIAT II Word Fluency Raw Scores were recorded as ordinal scores.  

WIAT II Sentences.  The WIAT II Sentences (Sent) task asks students to combine two 

short sentences into one larger sentence that retained the original meaning.  Sentences are scored 

0, 1, or 2 points depending on the quality of the new sentence.  The points for each sentence 

written are totaled to arrive at the score for Sentence Combining.  WIAT II Sentences Raw 

Scores for Year 5 were recorded as scaled scores. 

WIAT II Written Expression Paragraph A.  In the WIAT II Paragraph A task (Para A), 

students are permitted 10 minutes in which to complete their paragraph in response to the 

Paragraph A prompt, “My favorite game is….”.  The Paragraph task is scored analytically by 

evaluating the text according to three categories: Mechanics, Organization, and Vocabulary.  

Standard scores by age for Year 5 for the Paragraph A composite score and scaled scores for 

each of the three subcomponents were included in the analysis.  

WIAT II Written Expression Paragraph Mechanics.  The WIAT II Paragraph Mechanics 

(Para Mech) score reflects the number of spelling errors, punctuation errors, and the presence of 

words spelled in multiple ways.  Spelling and punctuation errors are only counted if the 
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paragraph contained more than seven words.  If fewer than seven words were written, 0 points 

are recorded for spelling and punctuation.  The paragraph is scored 1 point if no multiple 

spellings were present or 0 points if they were.  The scores are summed to arrive at the 

Mechanics subtotal and recorded as an ordinal variable. 

WIAT II Written Expression Paragraph Organization.  For the WIAT II Paragraph 

Organization measure (Para Org), students’ paragraphs are scored 0, 1, or 2 along each of the 

following dimensions: quality of sentence structure, whether at least two sentences were written, 

the use of linking expressions, use of illustrative examples, and whether the paragraph was 

cohesive, not straying from the topic.  Logical development of ideas with one idea linking to the 

next is scored either 0 or 1.  To determine the Paragraph Organization subtotal, individual 

subcomponent scores are totaled.  Scores for Paragraph Organization were recorded as scaled 

scores. 

WIAT II Written Expression Paragraph Vocabulary.  For the WIAT II Paragraph 

Vocabulary measure (Para Voc), paragraphs are evaluated for variety of words included and use 

of unusual expressions to capture the interest of the reader.  Variety is scored 0, 1, 2, or 3 

according to the extent to which a variety of vocabulary is incorporated into the paragraph. The 

presence of unusual expressions is scored 0, 1, or 2.  Scores for the two elements are combined 

to determine the Vocabulary subtotal.  Scores for Vocabulary were recorded as ordinal variables. 

3.5 Analytic Approach 

 Addressing the broad question of the role of perceptual reasoning skills in written 

expression required a multi-step approach driven by the specific research questions.  Verbal and 

perceptual reasoning were represented by both the index scores and subtests of WISC-IV, and 

written expression was represented by both WIAT II WE Composite and component scores (WF, 



ROLE OF PERCEPTUAL REASONING IN WRITTEN TEXT 

 27 

Sent, and Para A).   WIAT II Para A was further broken down into its component scores (Para 

Mech, Para Org, and Para Voc).  Three of the WIAT II WE component scores (WF, Para Mech, 

and Para Voc) were reported as ordinal scores, so including these as independent variables could 

result in the analyses being underpowered.  

 Figure 3.1 illustrates the conceptual relationships among all of the key constructs in this 

study.  The independent variables of verbal comprehension (WISC-IV Verbal Comprehension 

Index; VCI) and perceptual reasoning (WISC-IV Perceptual Reasoning Index; PRI) are 

identified by ovals on the left side of the figure.  The dependent variable written expression 

(WIAT II Written Expression Composite; WE) is identified by the oval on the right side of the 

figure.  The solid arrow represents the established predictive relationship between the constructs 

of verbal comprehension and its component skills in written expression.  Solid lines identify the 

subtests of each index or composite score.  Dashed arrows represent the hypothesized directions 

of perceptual skills in relation to written expression.  The dashed arrow (A) from perceptual 

reasoning to written expression represents the hypothesis that the former adds to verbal 

comprehension in predicting the latter, whereas the dashed arrow (B) from perceptual reasoning 

to the solid arrow from verbal comprehension to written expression represents the hypothesis 

that perceptual reasoning interacts with verbal comprehension in predicting written expression.  
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Figure 3.1. Conceptual diagram of the main variables in this study.  Independent variables 

Verbal Comprehension (WISC-IV Verbal Comprehension Index; VCI) and Perceptual 

Reasoning (WISC-IV Perceptual Reasoning Index; PRI), and dependent variable Written 

Expression (WIAT II Written Expression Composite; WE), are identified by ovals.  Subtests of 

each index or composite score are identified by solid connecting lines.  The thick solid arrow 

illustrates the strongly predictive relationship between Verbal Comprehension and Written 

Expression.  The thin dashed arrow (A) from Perceptual Reasoning to Written Expression 

represents the hypothesis that the former predicts the latter independently and to a lesser extent 

than the relationship between VCI and WE; dashed arrow (B) from Perceptual Reasoning to the 

solid arrow from Verbal Comprehension to Written Expression represents the hypothesis that 

perceptual reasoning interacts with verbal comprehension in predicting written expression.  (A) 

and (B) represent the questions under investigation in this study.   
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Descriptive Statistics 

IBM SPSS Statistics 27 software (The Statistical Package for the Social Sciences) was 

used for the data analysis.  Each variable was initially checked for data integrity, beginning with 

evaluating for the presence of outliers that might bias the statistical analyses.  Outliers were 

defined as data points greater than 2.5 standard deviations from the mean and identified by visual 

inspection of the histogram and boxplot for each variable.  Outliers were treated by replacing the 

reported score with the next closest score, based on the goal of maintaining inclusive 

representation of all data points, while at the same time reducing their extreme influence on the 

mean.  The alternative, dropping the outliers, was rejected as it could considerably affect the 

findings by making the assumption that the extreme data points were invalid or never existed 

(Ghosh & Vogt, 2012). 

Descriptive statistics included mean, standard deviation, minimum, maximum, and skew. 

One-sample t-tests were used to compare the means of each variable to normative samples for all 

WISC-IV scores and the WIAT II WE score to provide further characterization of the sample. 

Means for the normative sample were not available for the WIAT II component scores.  

Variables were tested for normality by evaluating the histograms and skew. 

Exploring Pairwise Relationships Among Regressors 

To establish relationships among the constructs of interest and check for collinearity, 

pairwise correlations between WISC-IV verbal and perceptual scores were calculated using an  

= .05.  Correlations were then Bonferroni-corrected in three families: verbal-to-verbal, 

perceptual-to-perceptual, and verbal-to-perceptual.  Tests with correlations at or above .8 were 

deemed collinear and any additional significant correlations were flagged as potentially collinear.  

It was not anticipated that cross-category collinearities would be observed based on correlations 
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reported in Wechsler (2003b).  Correlations between each index score and the subtests that 

comprise it were expected, as were correlations among some of the subtests.  Observed 

correlations were also compared to published values from the original normed sample (Wechsler, 

2003b).   

Relationship Between Verbal Skills and Written Expression 

To situate the research question regarding perceptual reasoning, the first step was to 

establish the pairwise contributions of verbal reasoning to written expression.  Correlation 

analyses were conducted between each verbal reasoning score (VCI and verbal subtests) and 

each dependent measure of written expression (WE and components) to examine the basic 

relationships between variables.  These were then followed by linear regression models using 

written expression overall (RQ1) and for the different components of written expression (RQ2).  

In each case, models using PRI were compared to those using the verbal subtests to help evaluate 

the best approach for controlling for verbal contributions in subsequent analysis.  In this and all 

subsequent analyses, the overall model and individual regressors were tested using  = .05.  

Adjusted R2 values were used to demonstrate the overall strength of the model in predicting the 

written expression outcome variable.   

Relationship Between Perceptual Reasoning Skills and Written Expression 

The next step was to examine the pairwise correlations between each perceptual 

reasoning score (PRI and perceptual subtests) and each dependent measure of written expression 

(WE and components) to explore the relationships between variables.  This analysis was then 

followed by linear regression models using written expression overall (RQ3) and the different 

components of written expression (RQ4) as the independent variables.  Models controlling for 

verbal reasoning served as the basis for separate models using PRI and perceptual subtests.  In 
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this and all subsequent analyses, the overall model and individual regressors were tested using  

= .05.  Adjust R2 values were used to demonstrate the overall strength of the model in predicting 

the written expression outcome variable.  

Interaction Between Perceptual Reasoning and Verbal Skills on Written Expression 

RQs 5 and 6 are aimed at delineating the type of contribution that perceptual reasoning 

offers beyond verbal reasoning to components of written expression hypothesized to emphasize 

analysis and synthesis.  The approach was two-fold.  First, to test the specific contribution of 

perceptual reasoning as a function of verbal skills, the scores of VCI and PRI were converted to 

binary quasi-independent variables based on whether an individual was above or below the 

mean.  These two binary variables were then subjected to a two-way factorial ANOVA for the 

written expression outcome variables of interest which measure the structural aspects of written 

expression.  The rationale for this approach stems from the original premise behind the study: an 

apparent association between a relative weakness in this subtest in relation to verbal skills and 

the quality of written text.  Second, to test the specific contribution of BD as a function of verbal 

skills, the BD scores were similarly converted to binary quasi-independent variables based on 

whether an individual was above or below the mean.  Then VCI and BD were entered into a 

factorial ANOVA.  The ANOVA provides an analysis of the interaction between the two binary 

variables and also addresses the concern with the use of linear regression in that a discrepancy 

between verbal and perceptual skills could potentially result in a nonlinear form of interaction, 

violating a test assumption of regression.   
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Chapter 4:  Results 

4.1 Descriptive Statistics 

A total of 14 cases had outliers; one had three outliers, another had five, and the 

remaining 12 had a single outlier (see Appendix C for specifics).  All analyses reflect outlier-

treated data.  All WISC-IV data met the criteria for normality (see Table 4.1 for skew and 

Appendix D for WISC-IV histograms).  Table 4.1 shows the descriptive statistics and the one-

sample t-tests against the normed reference sample.  Overall, the participants in the dataset were 

of higher ability than the normed group for both WISC-IV and WIAT II scores (standard mean 

100, s = 15; subtest scaled score mean 10, s = 3; Psychological Corporation, 2005; Wechsler, 

2003b).  All t-tests were significant as shown (two-tailed and corrected for multiple 

comparisons).  Verbal comprehension scores as represented by WISC-IV VCI ranged from 95-

148, with a mean of 120.24 (s = 13.237).  Perceptual reasoning scores as represented by WISC-

IV PRI ranged from 84-145 with a mean of 113.17 (s = 12.770).  Scores for overall written 

expression (WIAT II WE) ranged from 81-136 with a mean of 111.04 (s = 13.565).  Residual 

scatterplots of predicted versus actual WE scores for both VCI and PRI were approximately 

randomly distributed (Appendix H and I).   

Several WIAT II scores were approximately normally distributed: WE, Para Org, Sent, 

and Para Voc (see Table 4.1 for skew and Appendix E for WIAT II histograms).  Para A 

appeared bimodal in distribution and Para Mech had a negative skew of -.915, violating 

assumptions for regression analysis, and thus were dropped as dependent variables.  Word 

Fluency appeared to have a slightly bimodal shape due to an increase in frequency in the upper 

end.  The residuals scatterplot for Para Org as a function of Vocab (see Appendix H) revealed an 

arc pattern suggestive of a non-linear relationship.   



ROLE OF PERCEPTUAL REASONING IN WRITTEN TEXT 

 33 

Table 4.1 

Descriptive Statistics for Study Variables and T-tests Against Normed Reference 

N=99 Mean s Min Max Skew One-
Sample  
t (98) 

p 

Verbal Comprehension 

VCI 120.24 13.237 95 148 -.085 13.43 <.001 

Vocab 13.51 2.447 8 19 -.004 11.64 <.001 

Simil 13.33 2.531 8 18 -.288 11.04 <.001 

Compr 13.6 2.875 6 19 .045 11.94 <.001 

Perceptual Reasoning 

PRI 113.17 12.770 84 145 .010 8.74 <.001 

BD 11.93 2.760 6 19 .111 6.40 <.001 

MR 12.64 2.573 8 19 .120 8.76 <.001 

PC 11.83 2.483 7 17 -.147 6.07 <.001 

Written Expression 

WE 111.04 13.565 81 136 -.199 7.32 <.001 

WF 12.43 3.836 5 21 .456 --  

Sent 4.88 2.067 1 10 .265 --  

Para A 17.91 3.659 11 24 -.109 --  

Para Mech 6.36 2.064 1 9 -.915 --  

Para Org 8.94 3.119 1 16 .094 --  

Para Voc 2.52 .873 1 4 .281 --  

 
Note. VCI = WISC-IV Verbal Comprehension Index; Simil = WISC-IV Similarities subtest; 

Vocab = WISC-IV Vocabulary subtest; Compr = WISC-IV Comprehension subtest; PRI = 

WISC-IV Perceptual Reasoning Index; BD = WISC-IV Block Design subtest; PC = WISC-IV 

Picture Concepts subtest; MR = WISC-IV Matrix Reasoning subtest; WE = WIAT II Written 

Expression Composite; Word Fluency = WIAT II Written Expression; Sentences = WIAT II 

Written Expression Sentences; Para A = WIAT II Written Expression Paragraph A; Para Mech = 

WIAT II Written Expression Paragraph scored for Mechanics; Para Org = WIAT II Written 
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Expression Paragraph scored for Organization; Para Voc = WIAT II Written Expression 

Paragraph scored for Vocabulary. 

 

4.2 Correlations of WISC-IV Verbal Index and Subtest Scores 

To establish verbal comprehension as the control in the regression analyses to follow, 

correlation analysis of WISC-IV VCI and verbal subtest scores was conducted (see Table 4.2).  

As anticipated, the verbal subtests were highly collinear with the Verbal Comprehension Index (r 

= .808 - .842, p < .001), with each subtest similarly correlated with the index score.  It was noted 

that all verbal-verbal correlations for the 7th grade students in the study dataset were discrepant 

from those reported by Wechsler (2003b) for Children Aged 6:0-16:11 as shown in Table 4.3.  

The least discrepant r value between the study sample and normed sample was VCI-Simil (r = 

.842 and r = .89, respectively); the most discrepant was Vocab-Compr (r = .486 and r = .68, 

respectively).  This is further indication of a difference between the study sample and the normed 

reference sample reported by Wechsler.   
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Table 4.2 

Correlations of WISC-IV Verbal and Perceptual Reasoning Measures 

 VCI Vocab Simil Compr PRI BD MR PC 

VCI 1 .835** 
<.001 

.842** 
<.001 

.808** 
<.001 

.482** 
<.001 

.409** 
<.001 

.284* 
.004 

.434** 
<.001 

Vocab  1 .666** 
<.001 

.486** 
<.001 

.364** 
<.001 

.305** 
.002 

.162 

.108 
.374** 
<.001 

Simil   1 .493** 
<.001 

.572** 
<.001 

.468** 
<.001 

.407** 
<.001 

.459** 
<.001 

Compr    1 .295** 
.003 

.268* 
.007 

.129 

.203 
.290 
.004 

PRI     1 .814** 
<.001 

.792** 
<.001 

.726** 
<.001 

BD      1 .527** 
<.001 

.362** 
<.001 

MR       1 .342** 
.001 

PC     
 

  1 

 

Note. VCI = WISC-IV Verbal Comprehension Index; Simil = WISC-IV Similarities subtest; 

Vocab = WISC-IV Vocabulary subtest; Compr = WISC-IV Comprehension subtest; PRI = 

WISC-IV Perceptual Reasoning Index; BD = WISC-IV Block Design subtest; PC = WISC-IV 

Picture Concepts subtest; MR = WISC-IV Matrix Reasoning subtest; Shaded regions highlight 

verbal-verbal correlations, perceptual-perceptual correlations, or verbal-perceptual correlations. 

P values noted in italics 

** p < .0083 (family-wise error rate based on 6 statistical tests for verbal-verbal and perceptual-

perceptual) 

** p < .0031 (family-wise error rate based on 16 statistical tests for verbal-perceptual) 
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Table 4.3 

Correlations of WISC-IV Verbal and Perceptual Reasoning Measures for Children Aged 6:0-

16:11 (Adapted from Wechsler, 2003b) 

 VCI Vocab Simil Compr PRI BD MR PC 

VCI 1 .91 .89 .86 .62 .50 .52 .47 

Vocab  1 .74 .68 .58 .48 .49 .42 
Simil   1 .62 .59 .50 .49 .45 
Compr    1 .49 .36 .42 .40 

PRI     1 .81 .84 .77 

BD      1 .55 .41 
MR       1 .47 
PC        1 

 

4.3 Relationship Between Verbal Skills and Written Expression Overall 

To establish baseline relationships between verbal skills and written expression in the 

dataset, correlations between WISC-IV verbal scores and WE (see far left-hand column of Table 

4.4 and scatterplots in Appendix F) were conducted using a Bonferroni correction with adjusted 

 = .0025 (scatterplots can be found in Appendix F).  All verbal tests showed significant positive 

correlations with WE: VCI (r = .472, p < .001), Vocab (r = .386, p < .001), Simil (r = .393, p < 

.001), and Compr (r = .400, p < .001).   
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Table 4.4 

Correlations of WISC-IV Cognitive Measures with WIAT II Written Expression Measures 

WIAT II Written Expression (Dependent Variable) 
 WE Comp WF Sent Para 

Org 
Para  
Voc 

VCI .472** 
<.001 

.109 

.283 
.309** 
.002 

.394** 
<.001 

.430** 
<.001 

Vocab .386** 
<.001 

.085 

.402 
.222 
.027 

.309** 
.002 

.388** 
<.001 

Simil .393** 
<.001 

.104 

.307 
.281 
.005 

.330** 
.001 

.272 

.006 

Compr .400** 
<.001 

.109 

.285 
.272 
.007 

.365** 
<.001 

.413** 
<.001 

PRI .376** 
<.001 

.174 

.085 
.408** 
<.001 

.347** 
<.001 

.194 

.054 

BD .279 
.005 

.041 

.691 
.374** 
<.001 

.240 

.017 
.265 
.008 

MR .206 
.041 

.083 

.412 
.231 
.021 

.187 

.064 
.093 
.358 

PC .379** 
<.001 

.274 

.006 
.334** 
.001 

.361** 
<.001 

.093 

.360 

 

Note. VCI = WISC-IV Verbal Comprehension Index; Simil = WISC-IV Similarities subtest; 

Vocab = WISC-IV Vocabulary subtest; Compr = WISC-IV Comprehension subtest; PRI = 

WISC-IV Perceptual Reasoning Index; BD = WISC-IV Block Design subtest; PC = WISC-IV 

Picture Concepts subtest; MR = WISC-IV Matrix Reasoning subtest; WE = WIAT II Written 

Expression Composite; WF = WIAT II Written Expression; Sent = WIAT II Written Expression 

Sentences; Para Org = WIAT II Written Expression Paragraph scored for Organization; Para Voc 

= WIAT II Written Expression Paragraph scored for Vocabulary; Shaded regions highlight 

verbal-written expression correlations or perceptual-written expression correlations. 

P values noted in italics 

** p < .0025 (family-wise error rate based on 20 statistical tests) 
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Table 4.5 shows the regression models in which the VCI (Model 1) and the verbal subtest scores 

(Model 2) were tested as predictors of WE.  Redundant with the correlations, the model with 

VCI alone (Model 1) was significant (F(1, 97) = 27.764, p <.001, Adj R2 = .215, VCI  = .472).  

When the three verbal subtests were entered into the regression model together (Model 2), the 

overall model was significant (F(3, 95) = 9.101, p <.001, Adj R2 = .199), but only Compr 

emerged as a significant predictor ( = .240, t = 2.42, p = .027).  Given the use of fewer 

predictors and a numerically higher Adjusted R2, this provides a case for using the model with 

VCI alone as the baseline from which to evaluate the contributions of perceptual reasoning on 

WE. 

 

Table 4.5 

Regression Models for WISC-IV Verbal Measures and WIAT II Written Expression Composite 

Model DV IV B  t p VIF 

1 WE Constant 52.915  4.768 <.001  

  VCI .483 .472 5.269 <.001  

F(1, 97) = 27.764, p <.001, Adj R2 = .215 

2 WE Constant 71.784  9.320 <.001  

  Vocab .857 .155 1.237 .219 1.911 

  Simil .920 .172 1.368 .175 1.927 

  Compr 1.134 .240 2.242 .027 1.404 

F(3, 95) = 9.101, p <.001, Adj R2 = .199 

 

4.4 Relationship Between Verbal Skills and Components of Written Expression 

To establish baseline relationships between verbal skills and written expression 

components in the dataset, correlations were calculated between WISC-IV verbal scores and 
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WR, Sent, Para Org, and Para Voc (see top half of Table 4.4 and scatterplots in Appendix F).  

Using a Bonferroni correction with adjusted  = .0025, VCI (r = .309, p = .002) was 

significantly correlated with Sent.  VCI (r = .394, p < .001), Vocab (r = .309, p = .002), Simil (r 

= .330, p = .001), and Compr (r = .365, p < .001) were significantly correlated with Para Org.  

VCI (r = .430, p < .001), Vocab (r = .388, p < .001), and Compr (r = .413, p < .001) were 

significantly correlated with Para Voc.  No verbal scores were significantly correlated with WF.   

Table 4.6 shows the regression models in which the VCI (Model 1) and the verbal subtest 

scores (Model 2) were tested as predictors of individual written expression component scores.  

Redundant with the correlations, neither VCI alone (Model 1; F(1, 97) = 1.167, p = .283, Adj R2 

= .002,  = .109), nor the three verbal subtests (Vocab  = .008, Simil  = .062, Compr  = .074) 

significantly predicted WF (Model 2; F(3, 95) = .487, p = .692, Adj R2 = -.016).  VCI alone 

(Model 1; F(1, 97) = 10.226, p = .002, Adj R2 = .086,  = .309) was a significant predictor of 

Sent.  When the three verbal subtests were entered into the regression model together (Model 2), 

the overall model was significant in predicting Sent (F(3, 95) = 3.614; p = .016, Adj R2 = .074).  

However, none of the three verbal subtests individually (Vocab  = .014, Simil  = .186, Compr 

 = .173) was significant.  As was observed in the correlations, VCI alone (Model 1; F(1, 97) = 

17.800, p < .001, Adj R2 = .146,  = .394) significantly predicted Para Org.  When the three 

verbal subtests were entered into the regression model together, the overall model was significant 

(Model 2; F(3, 95) = 6.346; p < .001, Adj R2 = .141), but only Compr  = .249 was significant.  

As was observed in the correlations, VCI (Model 1; F(1, 97) = 21.952; p < .001, Adj R2 = .176,  

= .430) significantly predicted Para Voc.  When the three verbal subtests were entered into the 

regression model together (Model 2), the overall model was significant (F(3, 95) = 8.875; p < 

.001, Adj R2 = .194), but only Vocab  = .283 and Compr  = .309 were significant.  Given the 
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use of fewer predictors and a numerically higher Adjusted R2, this provides a case for using the 

model with VCI alone as the baseline from which to evaluate the contributions of perceptual 

reasoning on the components of WE, as well.   

Taken together, these analyses support the role of verbal skills in written expression as 

expected and justify the use of the VCI as the indicator of verbal skills in subsequent analyses. 
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Table 4.6 

Regression Models for WISC-IV Verbal Measures and Individual WIAT II Written Expression 

Components 

Model DV IV B  t p VIF 
1 WF Constant 8.635  2.441 .016   
  VCI .032 .109 1.080 .283   

F(1, 97) = 1.167, p = .283, Adj R2 = .002 
2 WF Constant 9.671  3.943 <.001  
  Vocab .021 .008 .055 .956 1.911 
  Simil .094 .062 .438 .662 1.927 
  Compr .099 .074 .616 .539 1.404 

F(3, 95) = .487, p = .692, Adj R2 = -.016 
1 Sent Constant -.918  -.504 .616   
  VCI .048 .309 3.198 .002   

F(1, 97) = 10.226, p = .002, Adj R2 = .086 
2 Sent Constant 1.001  .793 .430  
  Vocab .012 .014 .102 .919 1.911 
  Simil .152 .186 1.382 .170 1.927 
  Compr .124 .173 1.503 .136 1.404 

F(3, 95) = 3.614, p = .016, Adj R2 = .074 
1 Para Org Constant -2.218  -.834 .406   
  VCI .093 .394 4.219 <.001   

F(1, 97) = 17.800, p < .001, Adj R2 = .146 
2 Para Org Constant 1.306  .712 .478   
  Vocab .115 .090 .695 .489 1.911 
  Simil .181 .147 1.132 .261 1.927 
  Compr .270 .249 2.240 .027 1.404 

F(3, 95) = 6.346, p < .001, Adj R2 = .141 
1 Para Voc Constant -.892  -1.220 .226  
  VCI .028 .430 4.685 <.001  

F(1, 97) = 21.952, p < .001, Adj R2 = .176 
2 Para Voc Constant .189  .379 .705  
  Vocab .101 .283 2.262 .026 1.911 
  Simil -.024 -.069 -.546 .586 1.927 
  Compr .094 .309 2.876 .005 1.404 

F(3, 95) = 8.875, p < .001, Adj R2 = .194 
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4.5 Relationship Between Perceptual Reasoning Skills and Written Expression Overall 

Prior to adding perceptual reasoning to the model with VCI, correlation analysis of PRI 

and perceptual subtest scores was conducted.  The results are reported in Table 4.2.  All 

perceptual subtests were highly correlated as expected with PRI: BD (r = .814, p < .001), MR (r 

= .792, p < .001), PC (r = .726, p < .001).  Verbal-perceptual correlation analysis was also 

conducted and reported in Table 4.2.  It was noted that all but one perceptual-perceptual 

correlations were discrepant from those reported by Wechsler (2003b).  The least discrepant r 

value between the study sample and normed sample was MR-BD (study sample r = .527 and 

normed sample r = .55); the most discrepant was MR-PC (study sample r = .342 and normed 

sample r = .47).  This is further suggestive of the study sample differing from the normed 

reference sample reported by Wechsler.   

To assess whether perceptual reasoning skills contribute to written expression beyond the 

contribution of VCI, we examined the correlations between WISC-IV perceptual scores and WE 

(see Table 4.4 and scatterplots in Appendix G) using a Bonferroni correction with adjusted  = 

.0025.  PRI (r = .376, p < .001) and PC (r = .397, p < .001) were significantly correlated with 

WE.  PRI added to the linear regression model from RQ1 was not significant (p = .057, Adj R2 = 

.236,  = .194) (see Table 4.7).   
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Table 4.7 

Regression Model for WISC-IV PRI and VCI on WIAT II Written Expression Composite 

DV IV B  t p VIF 

WE Constant 41.125  3.279 .001  

 VCI .387 .378 3.751 <.001 1.303 

 PRI .206 .194 1.924 .057 1.303 

F(2, 96) = 16.121, p < .001, Adj R2 = .236 

 

To test whether individual perceptual reasoning subtests entered into the model with VCI 

provided any additional information about the relationship between perceptual reasoning and 

WE, correlations between WISC perceptual subtests and WE were calculated (see far left-hand 

column of Table 4.4).  Only PC was significantly correlated with the WE score (r = .379, p < 

.001).  When all three WISC-IV perceptual reasoning subtests were tested with VCI in multiple 

regression (see Table 4.8), the model overall was significant (F(4, 94) = 8.377, p < .001, Adj R2 

= .231) and PC approached significance ( = .559, p = .053). 

 

Table 4.8  

Regression Model for WISC-IV Perceptual Subtests and VCI on WIAT II Written Expression 

Composite 

DV IV B  t p VIF 

WE Constant 50.056  4.396 <.001  

 VCI .369 .360 3.491 <.001 1.355 

 BD .279 .057 .513 .609 1.563 

 MR .027 .005 .049 .961 1.437 

 PC 1.096 .559 1.959 .053 1.337 

F(4, 94) = 8.377, p < .001, Adj R2 = .231 
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The two models (PRI or perceptual subtests) were compared using Fisher Exact tests on 

the root square of the R2 values to select the stronger model for inclusion in subsequent analyses.  

Table 4.9 shows that adding PRI to VCI improved the prediction of WE marginally, but just 

missed the threshold for significance.  Adding the three perceptual subtests to VCI did not 

significantly improve the prediction of WE. 

 

Table 4.9 

Fisher Exact Test Comparing Models of VCI and PRI with VCI and Perceptual Subtests on 

WIAT II Written Expression Composite 

Model DV IV R2 Adj R2 R2  F p 

1 WE VCI .223 .215 .223 27.764 <.001 

2  VCI + PRI .251 .236 .029 3.704 .057 

Model 1: F(1, 97) = 27.764, p < .001, Adj R2 = .215 

Model 2: F(2, 96) = 16.121, p < .001, Adj R2 = .236 

1 WE VCI .472 .215 .223 27.764 <.001 

2  VCI + BD 

+ MR + PC 

.513 .231 .040 1.711 .170 

Model 1: F(1, 97) = 27.764, p < .001, Adj R2 = .215 

Model 2: F(4, 94) = 8.377, p < .001, Adj R2 = .231 

 

 

  



ROLE OF PERCEPTUAL REASONING IN WRITTEN TEXT 

 45 

4.6 Relationship Between Perceptual Reasoning Skills and Components of Written 

Expression 

To assess whether perceptual reasoning skills differentially predict specific aspects of 

written expression, in particular those that measure the organizational structure of written text, 

we calculated correlations between the PRI score and WE component scores (see Table 4.4).  

PRI was significantly correlated with Sent (r = .408, p < .001) and Para Org (r = .347, p < .001).  

In regression analysis, when PRI was added to the model with VCI to predict Sent, PRI emerged 

as the sole significant predictor (F(2, 96) = 10.716, p < .001, Adj R2 = .165,  = .337) (see Table 

4.8).  PRI fell just shy of significance (F(2, 96) = 11.065, p < 001, Adj R2 = .170,  = .205, p = 

.054) when entered into regression with VCI to predict Para Org. 

To assess the contribution of specific perceptual reasoning skills to individual 

components of written expression, correlations were calculated between perceptual subtest 

scores and written expression component scores (see Table 4.4).  BD was significantly correlated 

with Sent (r = .374, p < .001).  PC was significantly correlated with Sent (r = .334, p = .001) and 

Para Org (r = .361, p = .001).  In regression analysis in which VCI served as the verbal control 

(see Table 4.10), BD significantly predicted Sent (F(2, 96) = 5.747, p < .001, Adj R2 = .162,  = 

.258, p = .028) and PC was the sole significant predictor of Para Org (F(2, 96) = 5.920, p < .001, 

Adj R2 = .167,  = .222, p = .040).  Perceptual skills were not significant predictors of either WF 

or Para Voc, so those variables were dropped from further consideration.   
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Table 4.10 

Regression Models for WISC-IV PRI and Perceptual Subtests and VCI on WIAT II Written 

Expression Components 

Model DV IV B  t p VIF 

1 WF Constant 5.915  1.466 .146  

  VCI .009 .033 .285 .776 1.303 

  PRI .048 .158 1.380 .171 1.303 

F(2, 96) = 1.541, p = .219, Adj R2 = .011 

2 WF Constant 7.695  2.138 .035  

  VCI .003 .009 .078 .938 1.355 

  BD -.113 -.081 -.655 .514 1.563 

  MR .036 .024 .204 .839 1.437 

  PC .449 .291 2.540 .013 1.337 

F(4, 94) = 2.023, p = .097, Adj R2 = .040 

1 Sent Constant -4.038  -2.022 .046  

  VCI .023 .146 1.388 .168 1.303 

  PRI .055 .337 3.199 .002 1.303 

F(2, 96) = 10.716, p < .001, Adj R2 = .165 

2 Sent Constant -1.546  -.853 .396  

  VCI .019 .122 1.137 .258 1.355 

  BD .193 .258 2.229 .028 1.563 

  MR -.003 -.003 -.030 .976 1.437 

  PC .157 .189 1.766 .081 1.337 

F(4, 94) = 5.747, p < .001, Adj R2 = .162 

1 Para Org Constant -5.085  -1.692 .094  

  VCI .069 .295 2.807 .006 1.303 

  PRI .050 .205 1.953 .054 1.303 

F(2, 96) = 11.065, p < .001 Adj R2 = .170 

2 Para Org Constant -2.940  -1.078 .284  

  VCI .065 .278 2.587 .011 1.355 
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  BD .046 .041 .353 .725 1.563 

  MR .013 .011 .096 .924 1.437 

  PC .279 .222 2.083 .040 1.337 

F(4, 94) = 5.920, p < .001, Adj R2 = .167 

1 Para Voc Constant -.826  -.980 .329  

  VCI .029 .438 4.161 <.001 1.303 

  PRI -.001 -.017 -.161 .872 1.303 

F(2, 96) = 10.879, p < .001, Adj R2 = .168 

2 Para Voc Constant -.732  -.967 .336  

  VCI .029 .438 4.120 <.001 1.355 

  BD .055 .175 1.533 .129 1.563 

  MR -.026 -.077 -.706 .482 1.437 

  PC -.047 -.134 -1.271 .207 1.337 

F(4, 94) = 6.436, p < .001, Adj R2 = .182 
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For the two remaining writing variables, Fisher Exact tests were run to compare the 

models in which VCI and perceptual variables were tested as predictors of Sent and Para Org 

(see Table 4.11).  Adding PRI to VCI significantly improved the model predicting Sent.  Adding 

the three perceptual subtests to VCI significantly improved the model predicting Sent.  Adding 

PRI to VCI marginally improved the model predicting Para Org, but just missed the threshold for 

significance.  Adding the three perceptual subtests to VCI did not significantly improve the 

prediction of Para Org. 

 

Table 4.11 

Fisher Exact Test Comparing Models of VCI and PRI with VCI and Perceptual Subtests on 

WIAT II Sentences and Paragraph Organization 

Model DV IV R2 Adj R2 R2 F p 

1 Sent VCI .095 .086 .095 10.226 .002 

2  VCI/PRI .183 .165 .087 10.233 .002 

3  VCI/BD/ 

MR/PC 

.196 .162 .101 3.943 .011 

Model 1: F(1, 97) = 10.226, p = .002, Adj R2 = .086 

Model 2: F(2, 96) = 10.716, p < .001, Adj R2 = .165 

Model 3: F(4, 94) = 5.747, p < .001, Adj R2 = .162 

1 Para Org VCI .155 .146 .155 17.800 <.001 

2  VCI/PRI .187 .170 .032 3.814 .054 

3  VCI/BD 

MR/PC 

.169 .134 .014 .533 .661 

Model 1: F(1, 97) = 17.800, p < .001, Adj R2 = .146 

Model 2: F(2, 96) = 11.065, p < .001, Adj R2 = .170 

Model 3: F(4, 94) = 5.920, p < .001, Adj R2 = .167 
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4.7 Interaction Between Verbal and Perceptual Reasoning on Sentences 

VCI and PRI. 

A factorial ANOVA was conducted to compare the main effects of VCI and PRI and 

their interaction on the outcome variable Sent.  Sent was selected for this analysis because it was 

the sole independent variable significantly predicted by perceptual reasoning in the prior 

analysis.  Descriptive statistics for each factor and combination are presented in Table 4.12 and 

Figure 4.1.  The results of the two-way factorial ANOVA are shown in Table 4.13.  The main 

effects of VCI (F(1, 95) = 7.18, p = .009) and PRI (F(1, 95) = 6.182, p = .015) were significant. 

For both variables, performing above the mean was associated with higher scores on Sent than 

performing below the mean.  The interaction was not significant (F(1, 95) = .028, p = .866), 

indicating that the effects were additive. 

 

Table 4.12 

Descriptive Statistics of VCI and PRI on DV Sent 

  PRI 

  Below  
Mean (s) 

Above  
Mean (s) 

Marginal 
Mean (s) 

VCI 

Below 
Mean (s) 

3.83 (2.07) 
n = 30 

4.76 (1.39) 
n = 17 

4.17 (1.89) 
n = 47 

Above  
Mean (s) 

4.84 (2.17) 
n = 19 

5.91 (1.86) 
n = 33 

5.52 (2.02) 
n = 52 

Marginal 
Mean (s) 

4.22 (2.14) 
n = 49 

5.52 (1.79) 
n = 50 
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Figure 4.1. Mean difference values for VCI and PRI on Sentence scores in two-way factorial 

ANOVA. 

 

Table 4.13 

ANOVA results for the effect of VCI and PRI on DV Sent 

 SS df MS F p 

VCI 26.48 1 26.48 7.18 .009 

PRI 22.81 1 22.81 6.18 .015 

VCIxPRI .11 1 .11 .028 .866 

Error 350.48 95 3.69   

Total 2775.00 99    

Corrected Total 418.54 98    

 
Adj R2 = .136 
Note. SS = Type III Sum of Squares; MS = Mean Square 
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 VCI and BD. 

To look more specifically at the role of BD as a potential moderator of VCI in the DV 

Sent, a factorial ANOVA was conducted to explore the main effects of BD and VCI scores and 

their interaction on the outcome variable Sent.  Descriptive statistics for each factor and 

combination are presented in Table 4.14 and Figure 4.2.  The results of the ANOVA are shown 

in Table 4.15.  The main effects for VCI (F(1, 95) = 5.93, p = .017) and BD (F(1, 95) = 5.93, p = 

.017) were significant.  For both variables, performing above the mean was associated with 

higher scores on Sent than performing below the mean.  With respect to the interaction, visual 

inspection suggests that the increase in Sent score for BD being above the mean was larger when 

VCI performance was also above the mean; however, this was not significant (F(1, 95) = .028, p 

= .866). 

 

Table 4.14 

Descriptive Statistics of VCI and BD on DV Sent 

  BD 

  Below  
Mean (s) 

Above  
Mean (s) 

Marginal 
Mean (s) 

VCI 

Below 
Mean (s) 

4.04 (2.11) 
n = 26 

4.33 (1.62) 
n = 21 

4.17 (1.89) 
n = 47 

Above  
Mean (s) 

4.33 (2.32) 
n = 15 

6.00 (1.70) 
n = 37 

5.52 (2.02) 
n = 52 

Marginal 
Mean (s) 

4.15 (2.16) 
n = 41 

5.40 (1.84) 
n = 58 
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Figure 4.2. Mean difference values for VCI and BD on Sentence scores in two-way factorial 

ANOVA. 

 

Table 4.15 

ANOVA results for the effect of VCI and BD on DV Sent 

 SS df MS F p 

VCI 21.40 1 21.40 5.93 .017 

BD 21.40 1 21.40 5.93 .017 

VCIxBD 10.47 1 10.47 2.90 .092 

Error 342.96 95 3.61   

Total 2775.00 99    

Corrected Total 418.54 98    

 
Adj R2 = .155 
Note. SS = Type III Sum of Squares; MS = Mean Square 
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4.8 Additional Exploratory Analyses 

Given the original motivation for this study was to investigate the potential interaction 

between verbal and perceptual skills and BD appears to have a numerically greater, although 

non-significant, effect when VCI is above the mean, additional exploratory analyses using each 

of the verbal subtests were conducted.  Using the same approach as above, a factorial ANOVA 

was conducted using each of the verbal subtests (Vocab, Simil, and Compr) with BD to explore 

the main effects and interaction on Sent.   

Vocab and BD. 

Descriptive statistics for the group scores for Vocab and BD are presented in Table 4.16 

and Figure 4.3.  The ANOVA results are shown in Table 4.17.  The main effect of Vocab was 

not significant, F < 1, p = .430, whereas the main effect of BD was significant, F(1, 95) = 7.43, p 

= .008.   Performing above the mean on BD was associated with higher scores on Sent than 

performing below the mean, as in the previous ANOVA.  The interaction between Vocab and 

BD was significant, F(1, 95) = 10.12, p = .002.  As shown in Figure 4.3, the effect of BD is 

much larger when Vocab is above the mean compared to the near zero or slightly negative effect 

of BD when Vocab is below the mean. 
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Table 4.16 

Descriptive Statistics of Vocab and BD on DV Sent 

  BD 

  Below  
Mean (s) 

Above  
Mean (s) 

Marginal 
Mean (s) 

Vocab 

Below 
Mean (s) 

4.50 (2.37) 
n = 26 

4.32 (1.49) 
n = 19 

4.42 (2.03) 
n = 45 

Above  
Mean (s) 

3.53 (1.64) 
n = 15 

5.92 (1.78) 
n = 39 

5.26 (2.04) 
n = 54 

Marginal 
Mean (s) 

4.15 (2.16) 
n = 41 

5.40 (1.84) 
n = 58 

 

 

 

 

Figure 4.3. Mean difference values for Vocab and BD on Sentence scores in two-way factorial 

ANOVA. 
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Table 4.17 

ANOVA results for the effect of Vocab and BD on DV Sent 

 SS df MS F p 

Vocab 2.24 1 2.24 .627 .430 

BD 26.52 1 26.52 7.43 .008 

VocabXBD 36.12 1 36.12 10.12 .002 

Error 339.11 95 3.57   

Total 2775.00 99    

Corrected Total 418.54 98    

 
Adj R2 = .164 
Note. SS = Type III Sum of Squares; MS = Mean Square 
 

Simil and BD. 

Descriptive statistics for the group scores of BD and Simil are presented in Table 4.18 

and Figure 4.4.  The ANOVA results are shown in Table 4.19.  Again, the main effect of Simil 

was not significant, F(1, 95) = .767,  p = .383, whereas the main effect of BD was significant, 

F(1, 95) = 7.52,  p = .007.  With respect to the interaction, the trend resembles the observation of 

VCI and BD, but the interaction was not significant, F(1, 95) = 2.71, p = .103.  
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Table 4.18 

Descriptive Statistics of Simil and BD on DV Sent 

  BD 

  Below  
Mean (s) 

Above  
Mean (s) 

Marginal 
Mean (s) 

Simil 

Below 
Mean (s) 

4.25 (2.30) 
n = 28 

4.71 (1.95) 
n = 21 

4.45 (2.15) 
n = 49 

Above  
Mean (s) 

3.92 (1.89) 
n = 13 

5.78 (1.68) 
n = 37 

5.30 (1.91) 
n = 50 

Marginal 
Mean (s) 

4.15 (2.16) 
n = 41 

5.40 (1.84) 
n = 58 

 

 

 

 

Figure 4.4. Mean difference values for Simil and BD on Sentence scores in two-way factorial 

ANOVA. 
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Table 4.19 

ANOVA results for the effect of Simil and BD on DV Sent 

 SS df MS F p 

Simil 2.94 1 2.94 .767 .383 

BD 28.86 1 28.86 7.52 .007 

SimilXBD 10.41 1 10.41 2.71 .103 

Error 364.73 95 3.84   

Total 2775.00 99    

Corrected 

Total 

418.54 98    

 
Adj R2 = .101 
Note. SS = Type III Sum of Squares; MS = Mean Square 
 

Compr and BD. 

Descriptive statistics for the group scores of BD and Compr are presented in Table 4.20 

and Figure 4.5.  The ANOVA results are shown in Table 4.21.  The main effect of Compr was 

significant, F(1, 95) = 4.47,  p = .037, as was the main effect of BD, F(1, 95) = 8.26,  p = .005.   

For both variables, performing above the mean was associated with higher scores on Sent than 

performing below the mean.  With respect to the interaction, the trend resembles the observation 

of VCI and BD, but the interaction was not significant, F(1, 95) = 2.05, p = .155.  
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Table 4.20 

Descriptive Statistics of Compr and BD on DV Sent 

  BD 

  Below  
Mean (s) 

Above  
Mean (s) 

Marginal 
Mean (s) 

Compr 

Below 
Mean (s) 

4.04 (2.21) 
n = 25 

4.62 (1.60) 
n = 26 

4.33 (1.92) 
n = 51 

Above 
Mean (s) 

4.31 (2.15) 
n = 16 

6.03 (1.80) 
n = 32 

5.46 (2.07) 
n = 48 

Marginal 
Mean (s) 

4.15 (2.16) 
n = 41 

5.40 (1.84) 
n = 58  

 

 

 

Figure 4.5. Mean difference values for Compr and BD on Sentence scores in Two-Way Factorial 

ANOVA. 
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Table 4.21 

ANOVA results for the effect of Compr and BD on DV Sent 

 SS df MS F p 

Compr 16.55 1 16.55 4.47 .037 

BD 30.56 1 30.56 8.26 .005 

ComprXBD 7.59 1 7.59 2.05 .155 

Error 351.52 95 3.70   

Total 2775.00 99    

Corrected Total 418.54 98    

 
Adj R2 = .134 
Note. SS = Type III Sum of Squares; MS = Mean Square 
 

Taken together, it is clear that BD has an effect on Sent, even in the presence of verbal 

variables.  Numerically, there is a consistent interaction in which BD has a larger effect when 

verbal measures are above the mean.  This was only significant when BD was paired with 

Vocab.   
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Chapter 5:  Discussion 

Successful writing involves integrating multiple levels of language: combining words 

into sentences, sentences into paragraphs, and paragraphs into essays.  The writer selects, 

synthesizes, and organizes relevant information into a logical structure that reflects the writer’s 

understanding of the abstract relationship among ideas, problem-solving skills hypothesized to 

be perceptual in nature (Hayes, 1996).  The present study explored this question by examining 

written expression and its component processes as a function of verbal comprehension and 

perceptual reasoning skills.  The results supported contributions of both verbal and perceptual 

skills to different aspects of written expression. 

To set the stage for evaluating the contribution of perceptual reasoning to written 

expression, the contribution of verbal comprehension was first established.  Overall verbal 

comprehension as measured by the Verbal Comprehension Index (VCI) significantly predicted 

both overall written expression (Written Expression Composite) as well as the components 

(Sentences, Paragraph Organization, and Paragraph Vocabulary).  Given that the index score was 

as effective if not more than the verbal subtests at predicting Written Expression, VCI was used 

as the verbal control throughout the analyses.   

To get to the heart of the research questions, the contribution of perceptual reasoning was 

then examined to evaluate what it contributed beyond verbal reasoning.  The extent to which 

perceptual reasoning contributed to written expression depended on the specific measures of both 

perceptual reasoning and written expression.  Overall perceptual reasoning as measured by PRI 

marginally improved the model over VCI alone for predicting Written Expression composite and 

Paragraph Organization.  PRI was, however, the sole significant predictor of Sentences, a 

constructive task that requires the student to combine two short sentences into one longer one 
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that retains the sentences’ original meaning.  For this measure of written expression, perceptual 

reasoning attenuated the impact of verbal skills.  When the individual subtests were then used as 

predictors in place of PRI to discern the relative impact of different perceptual skills, Block 

Design was the only perceptual regressor that contributed significantly to Sentences.  Block 

Design measures analytic and synthetic/constructive reasoning and the ability to identify the 

specific relationships among individual components of the design and alternately focus on both 

the global and local aspects to accurately replicate the design.  Similarly, writing a sentence that 

conveys its intended meaning in a fluid and coherent manner requires that writers analyze and 

reshape the sentence into a logical structure that reflects their understanding of the relationships 

among key ideas and parts of speech (Saddler, 2013).  Thus, the clearest role for overall 

perceptual reasoning, and the skills of Block Design in particular, in written expression was its 

contribution to structuring sentences, the most elemental constructive writing task in the present 

study.  

Flower and Hayes (1981) described the sentence as a “composition in miniature,” 

requiring the same planning, translating, reviewing, and revising processes as a complete essay.  

Interestingly, though, while Block Design predicted the construction of a sentence, this did not 

extend to the higher level written expression measures of Paragraph Organization and Written 

Expression Composite.  Constructing a paragraph involves actively organizing and integrating 

individual vocabulary words and phrases into sentences and sentences into paragraphs, 

alternately focusing on the overarching structure of the paragraph and the relevant details (Hayes 

& Flower, 1980; Kellogg, 1996).  Whereas initial correlations demonstrated an association 

between Block Design and Paragraph Organization and Written Expression Composite, Block 

Design failed to predict writing construction for both outcome measures in regression analysis 
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when controlling for verbal reasoning.  Instead, Picture Concepts was the sole significant 

perceptual predictor after controlling for verbal for both Paragraph Organization and Written 

Expression composite.   

It is not clear why Picture Concepts, rather than Block Design, was the key predictor.  In 

Picture Concepts, the student is presented with two or three rows of pictured objects and is asked 

to select one picture from each row that together represent a common concept or category.  This 

perceptual subtest assesses abstract, categorical reasoning; visual perceptual reasoning; fluid 

reasoning; ability to distinguish essential from non-essential detail; and crystallized knowledge 

(Sattler, 2008).  Paragraph Organization is scored according to the use of linking expressions and 

illustrative examples, paragraph cohesiveness, and logical development of ideas with one idea 

linking to the next.  Common to both Picture Concepts and Paragraph Organization is verbal 

concept formation, the ability to find the overarching theme connecting individual ideas 

conveyed either through picture or words.  Since the writer’s ability to write a cohesive and 

logically connected paragraph out of ideas expressed in sentences resembles the process of 

identifying conceptual connections between pictured objects, the contribution of Picture 

Concepts to Paragraph Organization and Written Expression Composite could potentially reflect 

the verbal aspects of both tasks.  Alternatively, given that both Block Design and Picture 

Concepts measure fluid reasoning and perceptual organization, they may share significant 

variance.  Thus, the influence of Block Design may have been attenuated when entered into 

regression with Picture Concepts.  Without additional measures to explore this question more 

fully, the current analysis cannot make this differentiation.   

The effectiveness of the Paragraph Organization task as a measure of perceptual 

organization generally, and for 7th grade students in particular, should also be taken into 
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consideration to better understand the results.  Since the original data were collected, the WIAT 

II has been revised twice and in subsequent versions the Paragraph task was eliminated 

altogether, in favor of a computer-scored essay writing task for grades 1-6 (Psychological 

Corporation. (2020).  In contrast to the WIAT II, the WIAT III and IV essay tasks were designed 

to assess grammar/syntax, mechanics, and overall spontaneous expository writing within a time 

limit, not to provide a quantitative measure of text organization (Psychological Corporation, 

2020).  This shift may reflect the difficulty of designing valid and reliably scored standardized 

measures of the organization of written text.   

Additionally, 7th grade students may not have developed strong enough paragraph writing 

skills to demonstrate use of perceptual organization in their writing.  According to the Common 

Core State Standards for English Language Arts, paragraph writing is introduced in Grade 4, and 

not repeated in any grade thereafter (CCSS, 2010).  If paragraph writing, an essential component 

of all forms of formal written text, is not emphasized in K-12 education, students are unlikely to 

master that skill on their own.  Furthermore, students who are struggling writers may still 

demonstrate sentence-level difficulties until age 11 or even older (Dockrell et al., 2019).  Thus, if 

participants in the present study were still acquiring the basic skills of writing sentences, they 

would likely not have developed the higher order skills involved in writing paragraphs. 

 To further investigate the impact of perceptual reasoning on sentence construction, the 

analysis also considered the original impetus for this study – the author’s anecdotal observations 

that a Block Design weakness relative to above average verbal strength appeared to have a 

negative impact on essay writing.  This suggested that the key finding should be an interaction 

between verbal and perceptual skills.  No such interaction was observed between the index 

scores, VCI and PRI, although both demonstrated significant main effects on Sentences, 
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consistent with the regressions.  However, this was unsurprising given the author’s observation 

that the index scores were not the salient indicators of underachievement in written expression.  

When the analysis focused more narrowly on the constructive measure, Block Design, and VCI, 

there were again main effects of both Block Design and VCI.  A pattern suggestive of an 

interaction was observed in that Block Design had a numerically (but not significantly) larger 

effect when VCI was above the mean than when it was below the mean.  This effect of Block 

Design at the high end of verbal reasoning would be consistent with the original observation, but 

it was inconclusive given the lack of statistical reliability.  

 Given the suggestion of an interaction, a post-hoc exploration was warranted using 

individual verbal subtests to provide greater specificity in verbal reasoning skills.  Using 

Vocabulary as the measure of verbal reasoning showed the same pattern as was observed with 

VCI, but this time it was statistically reliable.  Sentence scores were largely unaffected by Block 

Design scores when Vocabulary scores were below average.  However, when Vocabulary scores 

were above the mean, there was a substantial advantage to also having a Block Design score 

above the mean.  Although post-hoc, this finding suggests that writers who possess a strong fund 

of vocabulary knowledge, yet have lagging Block Design skills, may struggle to combine shorter 

sentences into longer, more complex sentences despite their verbal strengths.  By extension, this 

suggests that even with strong vocabulary knowledge, Block Design skills may be required to 

produce high quality written text.  Sentences are comprised of vocabulary words, just as Block 

Design patterns are made up of individual blocks.  Following this analogy, the writer, in parallel 

to the student solving the Block Design task, needs to engage perceptual reasoning skills to 

successfully assemble the pieces to create the whole.  When Similarities and Comprehension 

were used as measures of verbal reasoning, however, the trend resembled VCI and Block 
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Design, with no significant interaction.  Without further analysis, it could not be determined why 

the interaction was limited to Vocabulary and Block Design.  

The results of the present study suggest that perceptual reasoning skills, particularly the 

skills involved in Block Design, are important for assembling words into fluid, well-constructed 

written text.  Moreover, initial evidence provides tentative support for the hypothesis that the 

skills of Block Design interact with a writer’s vocabulary knowledge in typically developing 7th 

grade students such that weaknesses in the former impact the writer’s ability to construct 

sentences despite vocabulary strengths.  Whereas written expression weaknesses have been 

anecdotally described in verbally gifted students with nonverbal learning disability and written 

language disorder, this study presents evidence that strong verbal skills alone may not be 

sufficient for high quality written text in typically developing students.   

5.1 Limitations 

Given the correlational and quasi-experimental nature of the study and the limitations of 

the available data, several limitations impacted both the interpretation and external validity of the 

findings.  First, the data were collected in 2006 and consequently reflect the educational 

standards of the time and the region in which the participants lived.  Although the participants 

were recruited from a variety of schools to mitigate the impact of differences in instructional 

approach, use of technology in instruction is one of numerous factors that differentiate the 

influences impacting the development of students now versus then.  Using the data available, 

these differences and their potential impact on student cognitive and written expression skills 

cannot be evaluated.   

Second, the scores in the dataset represented a sample that tested higher in aptitude and 

writing ability than is reflected in the general population.  Correlations among WISC-IV scores 
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also differed from those of the normed sample published by Wechsler (2003).  However, it 

cannot be determined whether or to what extent those differences may have impacted the results 

of the analyses.   

Third, the measures used in the existing dataset, the WISC-IV and WIAT II, have been 

revised since the data were collected.  The newest versions, WISC-V and WIAT IV, improve 

upon the instruments’ theoretical foundation, developmental appropriateness, ease of 

administration, and psychometric properties (Kimbell, 2015, Maccow, 2020).  However, as 

described earlier, the WIAT IV essay task was not designed to provide a quantitative measure of 

text organization (Psychological Corporation, 2020).  Instead, a qualitative measure of 

organization can be obtained, but only if an essay is hand-scored (Psychological Corporation, 

2020).   

Fourth, each WISC-IV subtest measures multiple cognitive skills and each WIAT II 

subtest measures multiple writing skills.  For example, Block Design is comprised of multiple 

skills (e.g., visual-constructive, visual-motor, perceptual working memory).  Although it is 

possible to argue which of these contribute to writing, they cannot be differentiated without 

additional measures of various cognitive constructs.  Ideally, the dataset would include multiple 

measures of overlapping skills, so that more sophisticated analytical models could be used to 

tease apart the individual skills involved.  In the absence of multiple measures, this study may 

conclude that the perceptual reasoning skills play a role in sentence construction, but it cannot 

delineate why or how they impact the sentence construction measures.    

5.2 Future Directions 

Although the current study offers exciting new findings about the relationship between 

perceptual skills and written expression, and the additional exploratory analysis provided 
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evidence of an interaction between verbal and perceptual skills on sentence construction, further 

study is warranted to explore this relationship and its potential applications to the field of writing 

instruction.  With this study as the backdrop, there are several avenues for this future exploration. 

First, to gain a better understanding of the relationships between predictor and outcome 

variables, a new study should be designed with additional measures and more direct measures of 

the constructs of interest to support more sophisticated analyses, such as factor analysis.  This 

would likely require a larger sample size and broader range of abilities compared to the current 

study which could be planned for in the design of a new study.  The study should include a 

complete and updated battery of tests to measure students’ cognitive and written expression 

skills.  For example, in the revised WISC-V, the Perceptual Reasoning Index includes an 

additional subtest, Visual Puzzles, which would potentially provide clarification as to whether 

the role of perceptual skills can be distinguished from the role of visual-motor skills in predicting 

students’ written expression.  If WISC-V Block Design predicts Sentences more than Visual 

Puzzles, that finding might lend support for teaching the organization of writing using concrete 

manipulatives.  Additionally, the WISC-V battery includes tests of working memory and 

processing speed not included in the retrospective dataset.  The inclusion of these variables 

would strengthen the predictive model and provide additional correlations to evaluate the role of 

perceptual reasoning in relation not only to verbal comprehension, but to the established 

predictors of working memory and processing speed.   

Much of the ambiguity in the results also suggests that the study of written expression 

would benefit from the identification and/or development of new measures for assessing 

organization of written text.  Although using a standardized instrument to assess written 

expression improves reliability in scoring, as described earlier the WIAT IV Essay task was not 
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developed with the intention of measuring text organization.  Thus, continuing to use the WIAT 

may be of limited utility.   

The results also suggest there is merit in studying the role of perceptual reasoning skills 

in written expression in a variety of age groups.  The data from 7th grade students were analyzed 

in this original dataset because perceptual reasoning skills were hypothesized to be influential in 

adolescence when writing is more likely to be structured, knowledge-transforming text; however, 

that was not demonstrated in the present analysis.  In that scenario, it would be the building of 

arguments in paragraphs that would benefit most from perceptual reasoning, and specifically 

constructive skills as measured in Block Design.  The finding that perceptual reasoning impacts 

sentence construction suggests that one might observe the impact in younger children who are in 

the earlier stages of writing development.  Sentence construction skills develop between ages 7-8 

in typically developing children (Berninger et al., 2011), but can be delayed until age 11 or older 

in struggling writers (Dockrell et al., 2019).  Given this timeline, questions could be asked as to 

whether early assessment of students’ Block Design skills could provide an opportunity for 

designing early interventions to mitigate the development of later written expression difficulties.  

Studying high school or college-aged students could provide additional information as to the 

influence of Block Design and the potential for skill remediation to improve sentence, paragraph, 

and essay writing skills at older ages.   

 Additionally, contributions of Block Design and verbal skills could be compared across 

different genres of writing: narrative, informational, compare/contrast, and 

persuasive/argumentative writing.  Each genre requires writers to organize information in 

different ways according to the purpose and intended audience of the text (Davidson & 

Berninger, 2015).  For example, persuasive/argumentative essay writing involves a structure of 
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proof and evidence that is not required of narrative essay writing.  Thus, it would be interesting 

to explore the question as to whether Block Design differentially impacts the quality of text 

depending on the specific genre. 

Although these results support a relationship between constructive skills and writing, it 

does not speak directly to the validity of writing interventions using constructive blocks.  An 

experimental approach could be designed to explore whether student written expression 

improves as a function of the intervention and, secondarily, whether students differentially 

benefit from this intervention in relation to their perceptual reasoning skills.  Quality written 

expression is contingent upon strong writing process knowledge (Saddler & Graham, 2007).  

However, struggling writers focus on product over process (Lin et al., 2007).  Saddler (2013) 

asserts that the skills involved in sentence construction (e.g., combining, disassembling, and 

recombining sentences) must be directly taught, especially to struggling student writers.  

Instructional worksheets and written templates may improve students’ writing knowledge; 

however, students can have difficulty applying that knowledge to improve the quality of their 

writing (Hudson, 2016).   

Employing multimodal approaches to writing instruction (e.g., including visual, motor, 

and spatial skills) may help “bridge the gap between knowing about grammar and knowing how 

to do grammar” (Rule, 2017).  Action research studies in sentence construction, as was described 

earlier regarding essay construction, suggest that using building blocks can be helpful for 

struggling writers (Chikayama, 2018; Morthy & Aziz, 2020); Sahathevan & Yamat, 2020).  This 

is an example of how schools might spatialize the curriculum, whereby spatial thinking skills are 

incorporated into regular classroom instruction (Newcombe, 2013).  Testing these interventions 

in an experimental design would provide empirical evidence furthering the study’s findings to 
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identify a causal relationship between perceptual skills and sentence structure in the school 

setting and strengthen the case for incorporating the use of perceptual constructive tools and 

manipulatives to improve writing instruction.  

5.3 Conclusion 

Perceptual skills have long been understood to be important in the fields of mathematics 

and science for breaking down a problem into its component parts, recognizing the relationships 

among those parts, and integrating the individual elements to construct the whole.  However, the 

question as to whether these skills play a role in written expression had yet to be explored.  The 

results of this research present evidence for a relationship between perceptual reasoning skills 

and written expression at the level of sentence construction in seventh grade students.  This study 

presents the novel finding that both verbal and perceptual reasoning skills appear to be important 

for written expression at the most basic level of written text, the construction of sentences, 

opening the door for writing researchers to explore this idea further with the goal of potentially 

offering important implications for informing K-16 writing instruction and expanding the 

growing list of cognitive skills involved in writing.  
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Appendix B 

Complete Variable List for Year 5 
 
Subject Identification Number 

Subject Cohort 

Chronological Age in Months Yr 5 

Gender 

Grade Level Yr 5 

Child ethnicity 1 

Mother's Education Level 

Father's Education Level 

Handedness Yr 5 

Selective Attention Rating Yr 5 

Maintaining Attention Rating Yr 5 

Switching Attention Rating Yr 5 

Pencil Grip Normalcy Rating Yr 5 

WISC 3 Block Design Scaled Score Yr 1 

WISC 3 Vocabulary Scaled Score Yr 1 

WISC 3 Vocabulary Scaled Score Yr 2 

WISC 3 Information Scaled Score Yr 2 

WISC 3 Similarities Scaled Score Yr 2 

WISC 3 Vocabulary Raw Score Yr 2 

WISC 3 Comprehension Raw Score Yr 2 

WISC 3 Comprehension Scaled Score Yr 2 
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WISC 3 Verbal Comprehension Factor Scaled Score Yr 2 

WISC 3 Coding Raw Score Yr 2 

WISC 3 Coding Standard Score Yr 2 

WISC-IV Similarities Raw score Yr 5 

WISC-IV Similarities Scaled Score Yr 5 

WISC-IV Vocabulary Raw Score Yr 5 

WISC-IV Vocabulary Scaled Score Yr 5 

WISC-IV Comprehension Raw Score Yr 5 

WISC-IV Comprehension Scaled Score Yr 5 

WISC-IV Verbal Compr Index Compos Yr 5 

WISC-IV Verbal Compr Index Compos %ile Yr 5 

WISC-IV Block Design raw score Yr 5 

WISC-IV Block Design Scaled Score Yr 5 

WISC-IV Picture Concepts raw score Yr 5 

WISC-IV Picture Concepts Scaled Score Yr 5 

WISC-IV Matrix Reasoning raw score Yr 5 

WISC-IV Matrix Reasoning Scaled score Yr 5 

WISC-IV Perceptual Reason Compos Score Yr 5 

WISC-IV Perceptual Reason Percentile Yr 5 

PAL Alphabet Task # Correct in 15 sec Yr 5 

PAL Alphabet Task # Correct in 15 sec Yr 5 grade normed z 

PAL Alphabet Task Total # Correct Yr 5 

PAL Alphabet Task Total # Correct Yr 5 grade normed z 
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PAL Alphabet Task Total Time Yr 5 

PAL Alphabet Task Total Time Yr 5 grade normed z 

PAL Alphabet Task 15-sec decile score Yr 5 

Cursive Alphabet # Correct in 15 sec Yr 5 

Cursive Alphabet # Correct in 15 sec Yr 5 grade normed z 

Cursive Alphabet Total # Correct Yr 5 

Cursive Alphabet Total # Correct Yr 5 grade normed z 

Cursive Alphabet Total Time Yr 5 

Cursive Alphabet Total Time Yr 5 grade normed z 

TOWRE Real Word Efficiency Raw Score Yr 5 

TOWRE Real Word Efficiency Standard Score Yr 5 

TOWRE Pseudoword Efficiency Raw Score Yr 5 

TOWRE Pseudoword Efficiency Standard Score Yr 5 

NAEP Oral Fluency Scale Yr 2 

NAEP Oral Fluency Scale Yr 3 

NAEP Oral Fluency Scale Yr 4 

WIAT2 Reading Compr Raw Score Yr 1 

WIAT2 Reading Compr Raw Score Yr 2 

WIAT2 Reading Compr Raw Score Yr 3 

WIAT2 Reading Compr Raw Score Yr 4 

WIAT2 Reading Compr Raw Score Yr 5 

WIAT2 Reading Compr Standard Score by Age Yr 1 

WIAT2 Reading Compr Standard Score by Age Yr 2 
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WIAT2 Reading Compr Standard Score by Age Yr 3 

WIAT2 Reading Compr Standard Score by Age Yr 4 

WIAT2 Reading Compr Standard Score by Age Yr 5 

WIAT2 Reading Compr Standard Score by Grade Yr 5 

WIAT2 Reading Speed Raw Score Yr 5 

WIAT2 Reading speed words per min Yr 5 

WIAT2 Reading Composite Standard Score by Age Yr 5 

WIAT2 Reading Composite Standard Score by Grade Yr 5 

WIAT2 Pseudoword Decoding Raw Score Yr 5 

WIAT2 Pseudoword Decoding Stand Score by Age Yr 5 

WIAT2 Pseudoword Decoding Stand Score by Grade Yr 5 

WIAT2 Word Reading Raw Score Yr 5 

WIAT2 Word Reading Standard Score by Age Yr 5 

WIAT2 Word Reading Standard Score by Grade Yr 5 

WIAT2 Spelling Raw Score Yr 5 

WIAT2 Spelling Standard Score by Age Yr 5 

WIAT2 Spelling Standard Score by Grade Yr 5 

WIAT2 Written Expression Age Based Raw Score Yr 5 

WIAT2 Written Expression Grade Based Raw Score Yr 5 

WIAT2 Written expression Standard Score by Age Yr 5 

WIAT2 Written Expression Standard Score by Grade Yr 5 

WIAT2 Written Composite Standard Score by Age Yr 5 

WIAT2 Written Composite Standard Score by Grade Yr 5 
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PAL Copy Task B Raw Score Yr 5 

PAL Copy Task B Grade Normed z Yr 5 

PAL Copy Task B Decile Score Yr 5 

CELF 3 Formulated Sentences Raw Score Yr 5 

CELF 3 Formulated Sentences Standard Score Yr 5 

Signals Total Raw Score Yr 5 

Signals Total Grade normed z score Yr 5 

Comes From Raw Score Yr 5 

Comes From Graded normed z score Yr 5 

Bee Grass Raw Score Yr 5 

Bee Grass grade normed z score Yr 5 

Jabberwocky Raw Score Yr 5 

Jabberwocky grade normed z score Yr 5 

Decoding Fluency Stress Total Time Yr 5 

Decoding Fluency Stress Total Time grade normed z score Yr 5 

Decoding Fluency Stress Total Raw Score Yr 5 

Decoding Fluency Stress Total grade normed z score Yr 5 

Decoding Fluency Stress Number Correct at 45 sec Yr 5 

Decoding Fluency Stress Correct at 45 sec grade normed z score Yr 5 

Carlisle Word Forms Derivations Oral Raw Score Yr 5 

Carlisle Word Forms Derivations Oral grade normed z score Yr 5 

Carlisle Decomposition Oral Raw Score Yr 5 

Carlisle Decomposition Oral grade normed z score Yr 5 



ROLE OF PERCEPTUAL REASONING IN WRITTEN TEXT 

 101 

Stroop Test Color Patch Naming Scaled Score Yr 5 

Stroop Test Word Reading Scaled Score Yr 5 

Stroop Test Inhibition Scaled Score Yr 5 

Stroop Test Inhibition/Switching Scaled Score Yr 5 

Stroop (DKEFS) Color Patch Naming and Word Reading Scaled Score Yr 5 

Stroop (DKEFS) Inhibition vs. Color Naming Scaled Score Yr 5 

Stroop (DKEFS) Inhibition/Switching vs. Naming and Reading Scaled Score Yr 5 

Stroop (DKEFS) Inhibition/Switching vs. Inhibition Scaled Score Yr 5 

Stroop (DKEFS) Verbal Fluency FAS Standard Score Yr 5 

Stroop (DKEFS) Category Fluency Scaled Score Yr 5 

Stroop (DKEFS) Letter vs Category Fluency Scaled Score Yr 5 

PAL Sentence Sense Raw Score Yr 5 

PAL Sentence sense grade normed z score Yr 5 

PAL Sentence Sense Decile Score Yr 5 

PAL RAN Letters Raw Score Yr 5 

PAL RAN Letters grade normed z Yr 5 

PAL RAN Words Raw Score Yr 5 

PAL RAN Words grade normed z Yr 5 

PAL RAN Words Decile Score Yr 5 

PAL RAS Words and Digits Raw Score Yr 5 

PAL RAS Words and Digits grade normed z Yr 5 

PAL RAS Words and Digits Decile Score Yr 5 

PAL RAN Letter Groups (clusters) Raw Score Yr 5 
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PAL RAN Letter Groups (clusters) Raw Score grade normed z Yr 5 

PAL Letter Clusters Raw Score Yr 5 

PAL Letter CLusters grade normed z Yr 5 

PAL RAN Letter Groups (clusters) Decile Score Yr 5 

PAL Word Choice Raw Score Yr 5 

PAL Word Choice grade normed z score Yr 5 

PAL Word Choice Decile Score Yr 5 

Garfield Mean Reading score Yr 5 

Garfield Mean Reading score grade normed z score Yr 5 

Garfield Mean Writing score Yr 5 

Garfield Mean Writing score grade normed z score Yr 5 

Attention subscale Yr 5 

Executive subscale Yr 5 

Hyperactivity subscale Yr 5 

Impulsivity subscale Yr 5 

WIAT2 Listen Receptive Vocabulary Raw Score Yr 5 

WIAT2 Listen Sentence Completion Raw Score Yr 5 

WIAT2 Listen Expressive Vocabulary Raw Score Yr 5 

WIAT2 receptive + expressive Yr 5 

WIAT2 Listening Comprehension Raw Score Yr 5 

WIAT2 Listening Comprehension Standard Score by Age Yr 5 

WIAT 2 Listening Comprehension grade-based SS Yr 5 

WIAT 2 Listening Comprehension Percentile Yr 5 
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WIAT2 Oral Visual Passage Retell Raw Score Yr 5 

WIAT2 Oral Word Fluency A Raw Score Yr 5 

WIAT2 Oral Word Fluency B Raw Score Yr 5 

WIAT2 Oral Word Fluency Total (A+B) Raw Score Yr 5 

WIAT2 Oral Giving Directions Raw Score Yr 5 

WIAT2 Oral Expression age based Raw Score Yr 5 

WIAT2 Oral Expression grade based raw score Yr 5 

WIAT2 Oral Expression Standard Score by Age Yr 5 

WIAT2 Oral Expression Standard Score by Grade Yr 5 

WIAT2 Oral Language Composite Standard Score by Age Yr 5 

WIAT2 Oral Language composite Standard Score by Grade Yr 5 

WIAT2 Word Reading # words >3 seconds Yr 5 

WIAT2 Word Reading # Self-Corrected Responses Yr 5 

WIAT2 Reading Comprehension Target Words Raw Score Yr 5 

WIAT2 Written Expression Word Fluency Raw Score Yr 5 

WIAT2 Written Expression Word Fluency Quartile by Age Yr 5 

WIAT2 Written Expression Sentences Raw Score Yr 5 

WIAT2 Written Expression Paragraph A Raw Score Yr 5 

WIAT2 Written Expression Paragraph A Mechanics Score Yr 5 

WIAT2 Written Expression Paragraph A Organization Score Yr 5 

WIAT2 Written Expression Paragraph A Vocabulary Score Yr 5 

WIAT2 Written Expression Paragraph A # Words Yr 5 

WIAT2 Spelling errors Quartile Paragraph A Yr 5 
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WIAT2 Punctuation errors Quartile Paragraph A Yr 5 

WIAT2 Theme Development Written Expression Yr 5 

WIAT2 Expository Prompt Paragraph A total time Yr 5 

WIAT2 Written Expression Paragraph A # spelling errors Yr 5 

WIAT2 Written Expression Paragraph A # punctuation errors Yr 5 

WIAT2 Written Expression Paragraph A # Multiple spellings Yr 5 

WIAT2 Silent Reading Fluency Baobab Tree Reading Time Seconds Yr 5 

WIAT2 Silent Reading Fluency Tidy Tamiko Reading Time Seconds Yr 5 

WIAT2 Silent Reading Fluency Crickets Reading Time Seconds Yr 5 

WIAT2 Silent Reading Fluency Good Neighbors Reading Time Seconds Yr 5 

WIAT2 Silent Reading Fluency Toontime Tees Reading Time Seconds Yr 5 

WIAT 2 Silent Reading Fluency Gobbledeeglue Reading Time Seconds Yr 5 

WIAT2 Silent Reading Fluency Big Heart Reading Time Seconds Yr 5 

WIAT2 Silent Reading Fluency Yukon Gold Reading Time Seconds Yr 5 

WIAT2 Silent Reading Fluency California Reading Time Seconds Yr 5 

WIAT2 Silent Reading Fluency Wisdom Reading Time Seconds Yr 5 

Nolen Reading Motivation Question 29 Yr 4 

Nolen Writing Motivation Questions 1-36 Yr 5 

Parent Attention Ratings Question 1 (Attention to Details) Yr 5 

Parent Attention Ratings Question 2 (Sustaining Attention) Yr 5 

Parent Attention Ratings Question 3 (Fidgeting) Yr 5 

Parent Attention Ratings Question 4 (On the Go) Yr 5 

Parent Attention Ratings Question 5 (Organizing) Yr 5 
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Parent Attention Ratings Question 6 (Talks Excessively) Yr 5 

Parent Attention Ratings Question 7 (Loses Things) Yr 5 

Parent Attention Ratings Question 8 (Difficulty Waiting) Yr 5 

Parent Attention Ratings Question 9 (Forgetful) Yr 5 

Parent Attention Ratings Question 10 (Doesn't Listen) Yr 5 

Parent Attention Ratings Question 11 (Interrupts/intrudes) Yr 5 

Parent Attention Ratings Question 12 (Runs/Climbs) Yr 5 

Parent Attention Ratings Question 13 (Can't play quietly) Yr 5 

Parent Attention Ratings Question 14 (Lacks follow through) Yr 5 

Parent Attention Ratings Question 15 (Apathetic) Yr 5 

Parent Attention Ratings Question 16 (Blurts Answer) Yr 5 

Parent Attention Ratings Questioni 17 (Distracted Easily) Yr 5 

Parent Attention Ratings Question 18 (Trouble sitting still) Yr 5 

Yr 5, Alphabet, pen letters correct 15 sec 

Yr 5, Alphabet, pen total letters correct 

Yr 5, Alphabet, pen total time 

Yr 5, Alphabet, keyboard letters correct 15 sec 

Yr 5, Alphabet, keyboard total letters correct 

Yr 5, Alphabet, keyboard total time 

Yr 5, Sentence, pen number words 

Yr 5, Sentence, pen total time 

Yr 5, Sentence, pen spelling errors 

Yr 5, Sentence, keyboard number words 
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Yr 5, Sentence, keyboard total time 

Yr 5, Sentence, keyboard spelling errors 

Yr 5, Narrative Prompt pen, number words One day at school a funny 

Yr 5, Narrative Prompt pen, total time 

Yr 5, Narrative Prompt pen, spelling errors 

Yr 5, Narrative Prompt keyboard, number words One weekend at home 

Yr 5, Narrative Prompt keyboard total time 

Yr 5, Narrative Prompt keyboard, spelling errors 

Northwest Writers Narrative Number words Yr 5 

Northwest Writers Narrative Total time Yr 5 

Northwest Writers Narrative spelling errors Yr 5 

Northwest Writers Informative Essay Number words Yr 5 

Northwest Writers Informative Essay Total time Yr 5 

Northwest Writers Informative Essay spelling errors Yr 5 

Northwest Writers Comparative Essay Number words Yr 5 

Northwest Writers Comparative Essay Total time Yr 5 

Northwest Writers Comparative Essay spelling errors Yr 5 

Northwest Writers Persuasive Essay Number words Yr 5 

Northwest Writers Persuasive Essay total Time Yr 5 

Northwest Writers Persuasive Essay spelling errors Yr 5 

Northwest Writers Idea Generation Yr 5 

Northwest Writers Planning Yr 5 

Northwest Writers Revising Yr 5 
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Explain Writing Kinder word count Yr 5 

Explain Writing Kinder total time Yr 5 

Explain Writing Kinder spellng errors Yr 5 

Explain Writing Third word count Yr 5 

Explain Writing Third total time Yr 5 

Explain Writing Third spelling errors Yr 5 

Explain Writing Same grade word count Yr 5 

Explain Writing Same grade total time Yr 5 

Explain Writing Same grade spelling errors Yr 5 

PAL RAN Letters # Self Corrections Yr 5 

PAL RAN Letters # Errors Yr 5 

PAL RAN Letter Groups (clusters) # Self Corrections Yr 5 

PAL RAN Letter Groups (clusters) # Errors Yr 5 

PAL RAN Words # Errors Yr 5 

PAL RAN Words and Digits # Self Corrections Yr 5 

PAL RAN Words and Digits # Self Corrections grade normed z Yr 5 

PAL RAN Words and Digits # Errors Yr 5 

PAL RAN Words and Digits # Errors grade normed z Yr 5 

PAL RAN Words # Self Corrections Yr 5 

PAL RAN Letters # Self Corrections grade normed z Yr 5 

PAL RAN Letters # Errors grade normed z Yr 5 

PAL RAN Letter Groups (clusters) # Self Corr grade normed z Yr 5 

PAL RAN Letter Groups (clusters) # Errors grade normed z Yr 5 
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PAL RAN Words # Self Corrections grade normed z Yr 5 

PAL RAN Words # Errors grade normed z Yr 5 

School Related Reading, Books Yr 5 

School Related Reading, Magazines Yr 5 

School Related Reading, Homework Yr 5 

School Related Reading, Newspapers Yr 5 

School Related Reading, Computer Yr 5 

School Related Reading, Research Yr 5 

School Related Reading, Other Yr 5 

School Related Reading, Read To Yr 5 

School Related Reading, Parent Help Yr 5 

School Related Reading, Total Yr 5 (# minutes) 

Non School Related Reading, Books Yr 5 

Non School Related Reading, Magaz Yr 5 

Non School Related Reading, Newspap Yr 5 

Non School Related Reading, Humor Yr 5 

Non School Related Reading, Computr Yr 5 

Non School Related Reading, Games Yr 5 

Non School Related Reading, Other Yr 5 

Non School Related Reading, Read To Yr 5 

Non School Related Reading, Parent Help Yr 5 

Non School Related Reading, Total Yr 5 (# minutes) 

School Related Writing, Homework Yr 5 
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School Related Writing, Journal Yr 5 

School Related Writing, Letters Yr 5 

School Related Writing, Stories Yr 5 

School Related Writing, Lists Yr 5 

School Related Writing, Reports Yr 5 

School Related Writing, Typing Yr 5 

School Related Writing, Fluent Typing Yr 5 

School Related Writing, Dysfluent Typing Yr 5 

School Related Writing, Other Yr 5 

School Related Writing, Parent Help Yr 5 

School Related Writing, Total Yr 5 (# minutes) 

Non School Related Writing, Journal Yr 5 

Non School Related Writing, Letters Yr 5 

Non School Related Writing, Stories Yr 5 

Non School Related Writing, Lists Yr 5 

Non School Related Writing, Typing Yr 5 

Non School Related Writing, Fluent Typing Yr 5 

Non School Related Writing, Dysfluent Typing Yr 5 

Non School Related Writing, Other Yr 5 

Non School Related Writing, Parent Help Yr 5 

Non School Related Writing, Total Yr 5 (# minutes) 

Previous Yr Chapter/Title I Services Yr 5 

Previous Yr, Speech Services Yr 5 
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Previous Yr, IEP Yr 5 

Previous Yr, PT Yr 5 

Previous Yr, OT Yr 5 

Previous Yr, Tutoring at School Yr 5 

Previous Yr, Tutoring outside School Yr 5 

Previous Yr, Other services Yr 5 

Current Yr, Chapter/Title I Services Yr 5 

Current Yr, Speech Services Yr 5 

Current Yr, IEP Yr 5 

Current Yr, PT Yr 5 

Current Yr, OT Yr 5 

Current Yr, Tutoring at School Yr 5 

Current Yr, Tutoring outside School Yr 5 

Current Yr, Other services Yr 5 

Medical Condition Affecting Reading and Writing Yr 5 

Takes medication for ADHD? Yr 5 

On medication during testing? Yr 5 

Symptoms present before age 7? Yr 5 

Symptoms consistent across settings? Yr 5 

Alphabet computer letters at 15 sec grade normed z score Yr 5 

Alphabet computer letters total grade normed z score Yr 5 

Alphabet computer total time grade normed z score Yr 5 

Carlisle derivation and decomposition composite z Yr 5 
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Appendix C 

Outliers Treated, by Variable and Case ID Number 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Case ID Number 

 Lowest Highest 

VCI 46, 89  NA 

Simil   46, 89  NA 

Vocab  46, 89  NA 

Compr NA NA 

PRI NA NA 

BD NA NA 

MR NA NA 

PC 6, 54, 89 NA 

WIAT WE 89, 109 175 

WF NA 23 

Sent NA NA 

Para A NA NA 

Para Mech 59, 125 NA 

Para Org NA NA 

Para Voc 214 197, 221, 235, 70 
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Appendix D 

Histograms of WISC-IV Variables 
 

 WISC-IV VCI     WISC-IV Vocab 

 
 
WISC-IV Simil    WISC-IV Compr 

        
 
WISC-IV PRI     WISC-IV BD 

        
 WISC-IV MR     WISC-IV PC 
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Appendix E 

Histograms of WIAT II Variables 
 

 WIAT II WE     WIAT II WF 

                        
  

WIAT II Sent     WIAT II Para A  

                        
  

WIAT II Para Mech    WIAT II Para Org 

                         
  

WIAT II Para Voc 
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Appendix F 

WISC-IV Verbal Reasoning – WIAT II Written expression Scatterplots with Best Fit 

Regression Line 

DV = WIAT II WE 
    
IV = WISC-IV VCI     IV = WISC-IV Vocab 

 
 
IV = WISC-IV Simil     IV = WISC-IV Compr 

   
 
 
DV = WIAT II WF 
    
IV = WISC-IV VCI     IV = WISC-IV Vocab 
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IV = WISC-IV Simil     IV = WISC-IV Compr 
 

      
 
DV = WIAT II Sent 
 
IV = WISC-IV VCI     IV = WISC-IV Vocab 
   

         
 
IV = WISC-IV Simil     IV = WISC-IV Compr 
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DV = WIAT II Para A 
     
IV = WISC-IV VCI     IV = WISC-IV Vocab 
 

 
    
IV = WISC-IV Simil     IV = WISC-IV Compr 
 

   
 
 
DV = WIAT II Para Mech    
 
IV = WISC-IV VCI     IV = WISC-IV Vocab 
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IV = WISC-IV Simil IV = WISC-IV Compr 
 

     
 
 
DV = WIAT II Para Org 
 
IV = WISC-IV VCI     IV = WISC-IV Vocab 
 

            
 
IV = WISC-IV Simil     IV = WISC-IV Compr 
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DV = WIAT II Para Voc 
    
IV = WISC-IV VCI     IV = WISC-IV Vocab 
 

           
 
IV = WISC IV-Simil     IV = WISC-IV Compr 
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Appendix G 

WISC-IV Perceptual Reasoning – WIAT II Written expression Scatterplots with Best Fit 

Regression Line 

DV = WIAT II WE    
 
IV = WISC-IV PRI     IV = WISC-IV BD 

        
 
IV = WISC-IV MR     IV = WISC-IV PC 

       
 
 
DV = WIAT II WF  
 
IV = WISC-IV PRI     IV = WISC-IV BD 
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IV = WISC-IV MR     IV = WISC-IV PC 
 

    
 
 
DV = WIAT II Sent 
 
IV = WISC-IV PRI     IV = WISC-IV BD 
 

             
 
IV = WISC-IV MR     IV = WISC-IV PC 
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DV = WIAT II Para A    
   
IV = WISC-IV PRI     IV = WISC-IV BD 
 

   
 
IV = WISC-IV MR     IV = WISC-IV PC 
 

  
 
 
DV = WIAT II Para Mech   
 
IV = WISC-IV PRI     IV = WISC-IV BD 
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IV = WISC-IV MR     IV = WISC-IV PC 
 

             
 
 
DV = WIAT II Para Org    
 
IV = WISC-IV PRI     IV = WISC-IV BD 
 

          
 
 
IV = WISC-IV MR     IV = WISC-IV PC 
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DV = WIAT II Para Voc      
 
IV = WISC-IV PRI     IV = WISC-IV BD 
 

    
   
 
IV = WISC IV-MR     IV = WISC-IV PC 
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Appendix H 

Residuals Scatterplots WISC-IV Verbal and WIAT II Written Expression 

DV = WIAT II WE  
     
IV = WISC-IV VCI     IV = WISC-IV Vocab 

       
 
IV = WISC-IV Simil     IV = WISC-IV Compr 
 

     
 
DV = WIAT II WF    
  
IV = WISC-IV VCI     IV = WISC-IV Vocab 
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IV = WISC-IV Simil     IV = WISC-IV Compr 
 

     
 
 
DV = WIAT II Sent     
 
IV = WISC-IV VCI     IV = WISC-IV Vocab 
 

      
 
 
IV = WISC-IV Simil     IV = WISC-IV Compr 
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DV = WIAT II Para A     
 
IV = WISC-IV VCI     IV = WISC-IV Vocab 
 

   
 
 
IV = WISC-IV Simil     IV = WISC-IV Compr 
 

   
 
 
DV = WIAT II Para Mech    
 
IV = WISC-IV VCI     IV = WISC-IV Vocab 
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IV = WISC-IV Simil     IV = WISC-IV Compr 
 

       
 
 
DV = WIAT II Para Org     
 
IV = WISC-IV VCI     IV = WISC-IV Vocab 
 

     
 
 
IV = WISC-IV Simil     IV = WISC-IV Compr 
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DV = WIAT II Para Voc     
 
IV = WISC-IV VCI     IV = WISC-IV Vocab 
 

   
 
 
IV = WISC-IV Simil     IV = WISC-IV Compr 
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Appendix I 

Residuals Scatterplots WISC-IV Perceptual and WIAT II Written Expression 
 

DV = WIAT II WE      
 
IV = WISC-IV PRI     IV = WISC-IV BD 
 

  
 
IV = WISC-IV MR     IV = WISC-IV PC 

  
 
DV = WIAT II WF    
 
IV = WISC-IV PRI     IV = WISC-IV BD 
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IV = WISC-IV MR     IV = WISC-IV PC 
 

   
 
DV = WIAT II Sent     
 
IV = WISC-IV PRI     IV = WISC-IV BD 
 

   
 
 
IV = WISC-IV MR     IV = WISC-IV PC 
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DV = WIAT II Para A     
 
IV = WISC-IV PRI     IV = WISC-IV BD 
 

   
 
IV = WISC-IV MR     IV = WISC-IV PC 
 

   
 
 
DV = WIAT II Para Mech     
 
IV = WISC-IV PRI     IV = WISC-IV BD 
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IV = WISC-IV MR     IV = WISC-IV PC 
 

   
 
 
DV = WIAT II Para Org     
 
IV = WISC-IV PRI     IV = WISC-IV BD 
 

    
 
IV = WISC-IV MR     IV = WISC-IV PC 
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DV = WIAT II Para Voc     
 
IV = WISC-IV PRI     IV = WISC-IV BD 
 

   
 
 
IV = WISC-IV MR     IV = WISC-IV PC 
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