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ABSTRACT 

Estimates indicate that students with learning 

disabilities (LD) represent 3-5% of the school population 

and that about 80% of these individuals evidence a reading 

disability or dyslexia. Because appropriate instruction 

depends upon correct classification, experts suggest that, 

if students are to be helped, research must shift to 

documenting specific subtypes within the classification of 

dyslexia. 

13 

Historically, one of the most accepted theoretical 

models suggests the existence of three types of dyslexia. 

Under a variety of terms, the major subtypes, phonologic, 

orthographic, and mixed dyslexia, have been identified by 

practitioners throughout the years. Although many measures 

of phonologic processing are available currently, no widely

accepted measure of orthographic processing exists. 

The intent of the current study, therefore, was to 

create an instrument (Dyslexia Subtyping Test [DST]) that 

subtypes dyslexia into phonologic, orthographic, and 

phon%rtho or mixed dyslexia. Based upon suggestions found 

in recent research, the DST addresses dyslexia subtypes 

across two domains: receptive or decoding tasks and 

expressive or encoding tasks. Future revisions and 

directions for dyslexia subtyping are discussed. 



CHAPTER ONE 

INTRODUCTION 

Knowing that one's brain is organized 
and processes differently from another's 

14 

gives us the freedom to accept ourselves and our uniqueness 
and to make the first necessary step 

to doing something positive about it. (Geschwind, 1983) 

Definition of a Learning Disability 

Good research demands a detailed description of the 

population in focus (Mather & Kirk, 1985; Olson & Mealor, 

1981). Accurate description of the population may be more 

critical for the field of learning disabilities (LD) than 

any other field. In 1962, Dr. Samuel Kirk used the term 

learning disability to describe a heterogenous group of 

children with various, but specific, disabilities. Although 

coined as a general designation for a wide range of 

disabilities and not as a label for a homogeneous group of 

individuals (Doris, 1993; Johnson, 1995; Kirk, 1962; Mercer, 

1987), the term has evolved to represent a vague construct 

complicated by SUbstantial heterogeneity (Mather & Roberts, 

1994). 

Although estimates indicate that students with LD 

represent 3-5% of the school population (Chalfant, 1989; 

Hynd & Semrud-Clikeman, 1989; Rutter, 1978), the disability 

remains one of the least understood yet most disabling 

conditions (Lyon, 1995a). Subsequently, the field of LD 



15 

currently is in a state of flux due, at least in part, to 

disagreement in regard to definition and failure to 

differentiate LD from other learning problems (Mather & 

Roberts, 1994). If the field is to survive and students to 

be helped, research must shift to attaining specificity of 

subgroups within the classification of LD (Lyon, 1995a). In 

the words of Doris (1993), " •.• one wonders if the real 

progress will not come from disentangling gr~ups of children 

from this huge conglomerate mass, rigorously specifying the 

nature of their difficulties, and systematically exploring 

appropriate educational interventions for these subgroups" 

(p. 112). Many experts in the field concur (e.g., Bos & 

Vaughn, 1994; Fleischner, 1995; Johnson, 1995; Lyon, 1995b; 

Mather, 1991). 

The idea of exploring educational interventions based 

upon evaluation is not new. For example, the recommendation 

that "Evaluation should go hand-in-hand with instruction" 

(Kirk, Kleibhan, .. & Lerner, 1978, p. 155) has been suggested 

for over a quarter of a century (e.g., Gillingham & 

Stillman, 1973; Hooper & Willis, 1989; Johnson & Myklebust, 

1967; Myklebust & Johnson, 1962). Identification of the 

disability etiology, therefore, is important because 

appropriate instruction depends upon correct classification 

(Hooper & Willis, 1989; Shafrir & Siegel, 1994). 
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Background of Dyslexia Subtyping 

One of· the most common and most documented categories 

of LD is a reading disability, often referred to as dyslexia 

(Johnson, 1995; Shaywitz, Fletcher, & Shaywitz, 1995; 

Vellutino, 1994). Results of recent prevalence studies 

suggest that 80% of individuals classified as having LD 

actually have dyslexia (Shaywitz et al., 1995). Dyslexia is 

not confined to a reading problem, however, but is a 

disability in the acquisition of basic reading and/or 

writing skills (Bruck, 1987; Finucci, Gottfredson, & Childs, 

1985; Johnson, 1995; Moats, 1994; Olson, Forsberg, Wise, & 

Rack, 1994). Although often incorrectly described as a 

homogeneous disability, dyslexia can have different 

etiologies (e.g., Boder, 1973; Doehring, Hoshko, & Bryans, 

1979; Johnson, 1995; Johnson & Myklebust, 1967; Lyon, 

stewart, & Freedman, 1982; Rourke, 1985, 1991; Vellutino, 

1994) . 

Historically., one of the most accepted theoretical 

models suggests the existence of three types of dyslexia. 

Under a variety of terms, the major subtypes, phonologic, 

orthographic, and mixed dyslexia, have been identified by 

practitiopers throughout the years (e.g., Castles, 1992; 

Coltheart, 1978; Flynn, Deering, Goldstein, & Rahbor, 1992; 

Freebody & Byrne, 1988; Gjessing, 1953; Huston, 1992; 



Malmquist, 1958; Monroe, 1932; Morton, 1969; Olson et al., 

1994; Patterson, 1981). This two-pronged model encompasses 

an indirect phonologic decoding route for unfamiliar words 

alongside a direct, lexical one for high-frequency words 

(Castles, 1992; Flynn et a1., 1992; Olson et al., 1994). 
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substantiating practitioners' viewpoint, the two major 

subtypes of dyslexia have been defined empirically both by 

cluster analysis of neuropsychological tests (Doehring & 

Hoshko, 1977; Doehring, Trites, Patel, & Fiedorowicz, 1981; 

Licht, 1994; Lyon et al., 1982; Lyon & Watson, 1981; Morris, 

Satz, & Blashfield, 1981; Newby & Lyon, 1991; Rourke, 1985, 

1991) and by the clinical-inferential method (Bakker, 1983; 

Boder, 1970; Lovett, 1984). In addition, sUbtyping studies 

support the belief that phonologic and orthographic dyslexia 

exist across cultures (Rourke, 1991; Yamada & Banks, 1994). 

Problem statement 

The term dyslexia, therefore, does not encompass a 

homogeneo~s group of individuals whose instructional needs 

are identical. Consequently, identification of the type of 

dyslexia is necessary to provide students with effective 

intervention. Herein lies the problem. Many measures of 

phonologic processing are available currently (Stahl & 

Murray, 1994; Vellutino & Scanlon, 1991) but no widely

acceptable measure of orthographic processing exists (Berk, 
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1984; Forness & Kavale, 1987; Kavale & Forness, 1984; Olson 

et al., 1994). 

Purpose of the study 

The intent of the current study is to create an 

instrument (Dyslexia subtyping Test [DST]) that will subtype 

dyslexia into phonologic, orthographic and mixed (hereby 

referred to as phon%rtho) dyslexia. Based upon suggestions 

found in recent research, the DST addresses dyslexia 

subtypes across two domains; receptive or decoding tasks and 

expressive or encoding tasks. 

A word of caution is given. Test misuse appears to be a 

common practice and instruments developed for one type of 

student are used with others for whom they are not suitable 

(Kirk, 1984). The current DST has been constructed to 

identify strengths and weaknesses in phonology and 

orthography as they relate to successful decoding and 

encoding. The test, therefore, is a subtyping instrument to 

be used with individuals experiencing difficulty learning to 

decode and/or encode. It does not provide age- or grade

related comparisons with average achievers. 

Procedure 

Because the study involves test construction, no 

specific research questions are addressed. The method and 

analyses, however, will be discussed from the perspective of 



19 

two major areas. First, content validity will be discussed. 

Second, construct-related validation will be addressed 

through the examination of convergent and discriminant 

correlations between the four DST tests and the two 

criterion tests (Word Attack [Woodcock & Johnson, 1989, 

1990] and 50 Exception Words [Adams & Huggins, 1985]). The 

assumption is made that the two criterion tests (Word Attack 

and 50 Exception Words) measure the two different constructs 

of phonologic and orthographic abilities. 

Test Description 

Currently, the DST consists of four measures. Two of 

the tests are purported to assess phonologic ability 

(Phonologic Rebus and Spelling of Sounds) while the other 

two are designed to assess orthographic capability 

(Orthographic Rebus and Spelling of Words). Of the two tests 

within each construct (phonologic and orthographic), one 

measures receptive or decoding ability (Phonologic Rebus and 

Orthographic Rebus) while the other measures expressive or 

encoding ability (Spelling of Sounds and Spelling of Words). 

A visual representation of the construct measured by each 

test and the mode (receptive or expressive) by which it is 

measured is found in Table 1.1. 



Table 1.1 

The Construct Measured by Each of the criterion and 

Predictor Tests and the Mode by Which It is Measured 
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Delineation of the Research 

Item Development and Selection 
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content validity, or the examination of 

representativeness of test items and their freedom from 

irrelevant variables, influences item development and 

selection (Anastasi, 1988). Content validity is presented 

both qualitatively through a full description of the 

rationale for the sUbtests' contents and formats and 

quantitatively through analysis of item discrimination and 

difficulty. During the revision stages, items with point 

biserial correlations of .40 or below or item discrimination 

of .50 or less were revised or discarded. 

Reliability 

Reliability of the DST will be addressed through an 

examination of internal consistency where, as explained by 

Anastasi (1988), the criterion is the total score of the 

test itself. The Kuder-Richardson Formula 20 (KR20), a 

derivatio~ of th~ Spearman-Brown correlation for dichotomous 

items, will be used. All analyses of the DST will be 

discussed in relation to each of the four tests. 

Construct-Related Validation 

Theoretical constructs are created and developed in 

order to explain consistent, observed behaviors. 

Subsequently, construct-related validation refers to the 
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extent to which an instrument measures the theoretical 

construct or trait. Evidence for construct-related 

validation is gathered from any data that helps explain the 

nature of the trait and its development and manifestations 

(Anastasi, 1988). 

Construct-related validation of the DST is shown 

through convergent and discriminant correlations (Campbell, 

1960; Campbell & Fiske, 1959). Convergent validation is 

addressed through examination of correlations between 

measures of the same construct. conversely, divergent 

validation is addressed through an analysis of the 

correlations between tests measuring different constructs. 

Results from the current research are tabulated as a 

multitrait-multimethod matrix (Campbell & Fiske, 1959). 

Expected Correlations 

Perhaps the most important expectation is that high 

correlation coefficients will be attained within both the 

phonologic and orcthographic processing factors. In addition, 

a relatively high correlation is expected also between the 

phonologic and orthographic factors (Conners & Olson, 1990; 

Gough & Walsh, 1991; van den Bos & Spelberg, 1994). The 

correlations change with age but are moderately high to high 

at all age groups (Conners & Olson, 1994; Guthrie, 1975; van 

den Bos & Spelberg, 1994), and range from .50 to .91. 
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Because the age of volunteers in the current research ranges 

from 6 to 18 years, a correlation around .70 is expected 

between the phonologic and orthographic factors of the DST. 

Another predicted correlation is that between age (or 

years of reading experience) and decoding/encoding tasks. 

Van den Bos and Spelberg (1994) reported correlations with 

age that were significant at p=.OOl. In addition, 

correlation coefficients for the decoding of real, 

phonetically irregular words were significantly higher than 

those for the decoding of phonetically regular nonwords. A 

similar finding is expected from the current research. 

After conducting a hierarchical regression analysis, 

Ve11utino, Scanlon, and Tanzman (1994) suggested that 

phonologic processing or the knowledge of phoneme-grapheme 

rules is more influential in learning to read than is the 

orthographic representation of words in memory. The 

suggestion, however, may be misleading and more 

representative of the number of individuals with phonologic 

dyslexia than of the insignificance of orthographic 

processing in decoding. Because substantially more 

individuals have phonologic than orthographic processing 

deficits (Boder & Jarrico, 1982; Lyon, 1995a; Mattis, 

French, & Rapin, 1975; Newby, Recht, & Caldwell, 1993), 

group analyses tend to obscure the existence of orthographic 
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dyslexia. Consequently, professionals in the field interpret 

orthographic skill as having less of an effect on literacy 

than phonologic skill. Unfortunately, such an interpretation 

could have devastating effects on the 10 to 20% of 

individuals with dyslexia whose problems are caused by 

orthographic difficulties (Boder & Jarrico, 1982; I,yon, 

1995a; Mattis et al., 1975; Newby et al., 1993). 

In an attempt to extricate orthographic deficits from 

phonologic weaknesses, practical case analyses were 

performed in the current research. The recognition of the 

subtypes of dyslexia is expected, therefore, in the 

practical case analyses and not from group data. 

Although both criterion measures for the current 

research (Word Attack and 50 Exception Words) are decoding 

or receptive tests, the types of words and letter sequences 

used are similar to those presented in the two DST spelling 

or expressive tests (Spelling of Sounds and Spelling of 

Words). High cor~elations are expected, therefore, between 

expressive and receptive tasks within a factor despite the 

difference in types of task. subsequently, the three 

phonologic processing tests are expected to evidence high 

correlations with each other. High correlations are 

anticipated also between the three orthographic processing 

tests. 



Medium correlations are expected between monomethod 

multitrait measures (P1/01, P2/02, and P3/03) because of 

the similarity in basic skills necessary for success (i.e, 

decoding and encoding). These monomethod multitrait 

correlations are expected to be higher than multimethod 

multitrait correlations (e.g., P1/02, P3/02). Multimethod 

multitrait correlations, therefore, are anticipated to be 

the lowest of all the correlations. An illustration of the 

expected correlations is presented in Table 1.2. 

Importance of the Research 
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Although literature and research support the existence 

of orthographic dyslexia, no valid and standardized way of 

measuring such a disability exists currently (Berk, 1984; 

Forness & Kavale, 1987; Kavale & Forness, 1984; Olson et 

al., 1994; Rispens, van der stege, & Bode, 1994). 

Individuals with dyslexia report a variety of academic 

problems (Gerber & Reiff, 1991; Johnson & Blalock, 1987; 

Lyon & Moats, 1988). Because successful instruction depends 

upon correct identification of disability etiology (Rispens 

et al., 1994; Semrud-Clikeman, 1996; Shafrir & Siegel, 

1994), subtyping may aid instruction through identification 

of the most deleterious difficulty (Pennington, Van Orden, 

Smith, Green, & Haith, 1990). The development of a reliable 

and valid instrument to identify orthographic dyslexia, 



Table 1.2 

Multitrait-Multimethod Correlation Matrix of Expected 

Phonologic and Orthographic Processing Correlations as 

Measured by Three Different Methods 

WA 
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SS 

EW 

Ortho OR 

SW 

Where: 

Phonologic 
WA PR SS 
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R H 

R 

orthographic 
EW OR SW 

M L L 

L M L 

L L M 

R H H 

R H 

R 

WA 
PR 

= 
= 

Word Attack (phonologic criterion measure) 
Phonologic Rebus (phonologic receptive experimental 
measure) 
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SS = Spelling of Sounds (phonologic expressive experimental 
measure) 

EW 
OR 

SW 

= 
= 

= 

50 Exception Words (orthographic criterion measure) 
Orthographic Rebus (orthographic receptive experimental 
measure) 
Spelling of Words (orthographic expressive experimental 
measure) 

H = high correlation (above .65) 
M = medium correlation (.50-.65) 
L = low correlation (below .50) 
R = reliability (to be attained from item analyses). 



therefore, could benefit individuals previously mis- or 

unidentified (Rispens et al., 1994). 

Definition of Terms 
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Dyslexia: A neurologic-based disability that affects the 

development of basic reading (decoding) and/or basic writing 

(spelling) skill (Johnson, 1995). 

Phonologic dyslexia: A neurologic-based decoding or encoding 

disability caused by phonologic processing deficits. 

Phonologic processing: The ability to manipulate and 

integrate sounds effectively (Newby et al., 1993). 

orthographic dyslexia: A neurologic-based decoding or 

encoding disability caused by orthographic processing 

deficits. 

orthographic processing: The rapid and accurate formation of 

word images in memory (Berninger & Abbot, 1994; Ehri, 1980; 

Newby et al., 1993; Reitsma, 1983). 

Phon%rtho dyslexia: A neurologic-based decoding or 

encoding disability caused by a combination of both 

phonologic and orthographic processing deficits. 

Historically, phon%rtho dyslexia was referred to as mixed 

dyslexia. 
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CHAPTER TWO 

REVIEW OF RELATED RESEARCH 

I call a fig a fig, a spade a spade. (Meander, 343-292 BC) 

When a child has dyslexia, let's say so. 
If he doesn't, let's not. (Huston, 1992, p. 30) 

The Need for specificity 

Understanding of dyslexia, a type of learning 

disability (LD) , has been restricted due at least in part to 

the lack of clarity in the definition of LD. Throughout the 

last century, individuals who have had extreme difficulty 

learning to read have been referred to by various 

terminology and described by evolving definitions. Early in 

the century, Hinshelwood (1895, 1917) and Orton (1925) 

referred to the problem as "word blindness." In addition, 

other terms, such as brain injured, brain crippled, minimal 

brain dysfunction, neurologically impaired, dyslexic, and 

perceptual impairment were used to describe individuals who 

had inordinate difficulty in learning to read and write 
. .-

(Kirk & Chalfant, 1984). 

In 1962, Kirk used the term "learning disability" (LD) 

to describe a heterogenous group of children with various, 

but specific, disabilities because the classification 

"brain-injured" was not educationally relevant. Numerous 

definitions of learning disabilities were t9 emerge in the 



forthcoming decades. The original, and progenitor of many, 

read: 
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A learning disability refers to a retardation, 

disorder, or delayed development in one or more of the 

processes of speech, language, reading, writing, 

arithmetic, or other school subjects resulting from a 

psychological handicap caused by possible cerebral 

dysfunction and/or emotional or behavioral 

disturbances. It is not the result of mental 

retardation, sensory deprivation, or cultural or 

instructional factors. (Kirk & Bateman, 1962/1963, 

p.73) 

The term learning disabilities, therefore, was coined 

as a general designation for a wide range of disabilities 

and not as a label for a homogeneous group of individuals 

(Doris, 1993; Kirk, 1962; Mercer, 1987). The term has 

evolved, however, to represent a vague construct complicated 

by SUbstantial heterogeneity (Mather & Roberts, 1994). For 

example, in examining the validity of 1,000 students 

identified as having LO, Shepard and Smith (1983) found that 

28% met the strict criteria, 15% displayed weak signs, and 

57% were better described with other indicators. If the 

field is to move forward into the twenty-first century, 

specificity of the subtype of the disability must occur. 



Dyslexia 

The dyslexic, whether visual or auditory, can look 
at the word and hear the word. 

The language disconnection occurs as the brain 
sees and listens and attempts to make sense 

of the symbol or sound. (Huston, 1992, p. 27) 

Of all the different areas of LD, the most common is 
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dyslexia (Johnson, 1995). Dyslexia may affect as many as 80% 

of individuals classified as having LD (Shaywitz et al., 

1995) • 

Problems Inherent to Identification 

The identification of dyslexia has proven to be as 

difficult as the identification of individuals with LD 

(Fletcher & Morris, 1986; Morris, 1988). As with LD, 

although dyslexia has been studied for many years, 

disagreement continues in regard to the definition and 

diagnosis (Fletcher & Morris, 1986; Lyon, 1995b; Rispens et 

al., 1994; Rourke, 1991). The problem is due, at least in 

part, to the popular misconception that dyslexia causes 

people to."see things backward" (Richardson & DiBenedetto, 

1996). Subsequently, some professionals argue that no unique 

behavioral syndrome exists and, therefore, dyslexia should 

not be considered as a disability (Algozzine & Ysseldyke, 

1986). Other professionals acknowledge the existence of the 

disability, but disagree with the current definition and 

-identification procedures (Lyon, 1995b). For example, 
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Shaywitz, Escobar, Shaywitz, Fletcher, and Makuch (1992) 

suggest that dyslexia represents the lower end of a normal 

distribution of reading ability. They cautioned against 

early diagnosis because as many as two thirds of the 

children who were given the diagnosis did not meet the 

criteria two years later. The Learning Disability 

Association Professional Advisory Board (LOA PAB, 1992) 

noted that the fundamental problem with the conclusions of 

this study was the way in which dyslexia is defined. 

Children were considered to have dyslexia if they evidenced 

a significant discrepancy between their Wechsler 

Intelligence Scale for Children--Revised (WISC-R) (Wechsler, 

1974) scores and their achievement scores on the Woodcock

Johnson reading subtests (Woodcock, 1987). This type of 

identification procedure groups together children who are 

underachieving in reading for a variety of reasons. 

Consequently, the results cannot be generalized to children 

with dyslexia (LOA-PAB, 1992). 

Identification of dyslexia is further compounded by 

what appears to be a contradiction of terms. Although 

majority of educators agree that the most important measure 

of reading is comprehension, decoding or word recognition 

tasks are more commonly used for the identification of 

reading problems (Bruck, 1988, 1990; Morrison, 1991; Olson 



32 

et al., 1994; Perfetti, 1985; Siegel, 1985; Siegel & Faux, 

1989; snow1ing, 1991; Stanovich, 1981, 1986, 1988). Use of 

word lists may be appropriate, however, for most individuals 

with dyslexia, because comprehension pathways are blocked by 

deficient decoding skill (Gough & Tunmer, 1986; Perfetti, 

1985; stanovich, 1986). The decoding-comprehension 

relationship led Glass (1973) to comment: 

Thus we can state what at first only seems a 

contradiction: decoding is at once a least important 

aspect of reading, and at the same time the most 

crucial aspect of reading. If one does not learn to 

decode efficiently and effectively, one will never be 

allowed the opportunity to read, i. e., deal with and 

react to meaning via the printed word (pp. 4-5). 

Correct identification of dyslexia early in a student's 

school career, however, is imperative (Gaskins et al., 1988; 

Strag, 1972). Results from a survey by Strag (1972) indicate 

that: "when the diagnosis of dyslexia was made in the first 

two grades of school nearly 82 percent of the students could 

be brought up to their normal classroom work, while only 46 

percent of the dyslexic problems identified in the third 

grade were remediated and only 10 to 15 percent of those 

observed in grades five to seven could be helped when the 



diagnosis of learning problems was made at those grade 

levels" (p.' 52) • 
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A personal account by a 23-year-old individual who was 

identified as having dyslexia at age 6 illustrates the 

importance of early identification. Gentry (1995) states: 

I am thankful for my early diagnosis of dyslexia. 

Because my disability was discovered early in my life, 

I was able to devise methods to conquer my adversary, 

dyslexia. As I overcame my dysfunction, my self-esteem 

improved ••. There are many (of us) in our world 

suffering from dyslexia, but dyslexia is not the only 

obstacle we face. The greatest obstacle is the lack of 

understanding shown toward us. (p. 107) 

Professionals in the field of dyslexia, therefore, must work 

toward universally-accepted definitions and early 

identification of the disability (Richardson & DiBenedetto, 

1996; Rourke, 1991). 

Definition 

Due partly to the heterogeneity of dyslexia and partly 

to the shift in importance between decoding and 

comprehension as ability increases (Glass, 1973), 

disagreement exists in regard to the definition. One fact, 

however, is clear; dyslexia is a disability that is 

persistent into adulthood (Adelman & vogel,' 1990; Bruck, 
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1992, 1993; Dalke, 1988; Richardson & DiBenedetto, 1996; 

Wood, Felton, Flower, & Naylor, 1991). Wood et ale suggested 

any definition proposed for dyslexia should be applicable 

from first grade through adulthood. Perhaps poor that 

spelling or encoding should play a greater role in the 

definition of dyslexia because it is more resistant to 

instruction (Seidenberg, 1989) and remains a problem with 

adults (Adelman & Vogel, 1990; Bruck, 1993; Dalke, 1988; 

Leuenberger & Morris, 1990; Vogel & Moran, 1982). 

The orton Dyslexia society (1993) proposed the 

following definition of dyslexia: 

A specific language-based disorder of constitutional 

origin involving atypical phonological processing 

ability and correlated weaknesses; which are not solely 

the result of unrelated causes including, but not 

limited to, cognitive deficit, inadequate instructional 

or environmental opportunity, or poor motivation; and 

are manifested by variable difficulty with expressive 

and receptive language, often including a conspicuous 

problem with acquiring proficiency in reading, writing, 

and spelling. 

One problem associated with this definition is the 

failure to include dyslexia caused by orthographic 

processing deficits. The dual route model (Coltheart, 1978; 
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Coltheart, curtis, Atkins, & Haller, 1993; Humphries & 

Evett, 1985; Morton, 1969; Olson et al., 1994; Patterson, 

1981; siegel, Share, & Geva, 1995) recognizes the importance 

of an indirect phonologic decoding route for unfamiliar 

words alongside a direct, lexical one for high-frequency 

words. In support of the two pathway model, most of the 

subtyping studies to date propose the existence both of 

phonologic and orthographic dyslexia (Newby & Lyon, 1991; 

Rispens et al., 1994) and suggest that improved definitions 

should address the issue of heterogeneity (Rispens et al., 

1994). Despite strong clinical evidence of its existence, 

however, orthographic dyslexia is not likely to be included 

in definitions in the near future. 

A draft of an improved definition has been developed 

recently by a working group composed of investigators and 

representatives from advocacy groups and the National 

Institute of Child Health and Human Development. The 

def ini tion reads .. currently: 

Dyslexia is one of several distinct learning 

disabilities. It is a specific language-based disorder 

of constitutional origin characterized by difficulties 

in single word decoding, usually reflecting 

insufficient phonological processing abilities. These 

difficulties in single word decoding are often 
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unexpected in relation to age and other cognitive and 

academic abilities; they are not the result of 

generalized developmental delay or sensory impairment. 

Dyslexia is manifest by variable difficulty with 

different forms of language, often including, in 

addition to problems reading, a conspicuous problem 

with acquiring proficiency in writing and spelling. 

[Operational definition of the Orton Dyslexia Society 

Research Committee, April 18, 1994. Emphasis not in 

original]. 

While the definition is an improvement on previous 

ones, orthographic dyslexia still is not mentioned. Because 

phonology often confounds tests purported to diagnose 

efficiency of orthographic processing the lack of valid and 

standardized instruments of orthography exists (Berk, 1984; 

Forness & Kavale, 1987; Kavale & Forness, 1984; Olson et 

al., 1994). Subsequently, orthographic dyslexia continues to 

be excluded from .. definitions despite neuropsychological and 

clinical support of its existence and its importance to 

literacy skill (Newby & Lyon, 1991; Share, 1994). 

Neurological Basis 

A century ago, Morgan (1896) suggested that reading 

difficulty was due to a congenital defect. Similarly, over 

seventy years ago, Orton (1925) proposed that dyslexia, once 
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assumed to be a psychological disorder, was of neurological 

origin. Due to increased technology, the neurological basis 

of the disability and its genetic link has been supported 

recently and traced to fetal development (Cardon et al., 

1994; Langone, 1983). Current beliefs in regard to the 

neurological basis reflect the perspective offered by Luria 

(1980); there is not a localized reading area in the brain. 

Instead, discrete zones of cortical activity work together 

to produce cognitive activity (Hynd & Hynd, 1984). 

Not only has neuropsychological research over the past 

two decades supported the existence of dyslexia subtypes 

(Newby & Lyon, 1991), but also has sUbstantiated Hynd and 

Hynd's theory; cortical activity differs not only between 

individuals with and without the disability, but also among 

the subtypes of dyslexia. Sixty-five percent of the 

population displays an asymmetrical brain pattern, with 

greater left than right occipital activity (Duane, 1989). 

Neuropsychological research indicates that the asymmetry is 
- --

absent, however, in individuals with dyslexia (Galaburda, 

Sherman, Rosen, Aboitiz, & Geschwind, 1985; Haslam, Dalby, 

Johns, & Rademaker, 1981). Furthermore, results from most 

neuropsychological studies employing event-related potential 

(ERP) and lateralization support the existence of the 

phonologic-orthographic dichotomy (e.g., Bryden & Saxby, 



1986; Hynd & Hynd, 1984; Hynd & Semrud-Clikeman, 1989; 

Rosenthal, 1982; Rourke, 1985). 

Dyslexia Subtypes 
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Attempts to identify a unitary cause of dyslexia have 

produced differing results (Fisk & Rourke, 1979) and, 

consequently, confusion has existed in the field (Mather & 

Kirk, 1985). Prior even to current sophisticated technology 

and statistical methods, the existence of dyslexia subtypes 

was postulated by practitioners (Olson et al., 1994). For 

example, Monroe (1932) reported that no single factor was 

present in all of the 415 individuals with dyslexia with 

whom she worked. Similarly, Gjessing (1953) described a 

group of individuals some of whom had deficiencies uniquely 

in phonologic processing, whereas others had problems 

specifically with orthographic processing. In support, and 

after an extensive study, Malmquist (1958) cautioned against 

attempting to explain dyslexia with anyone factor. 

substantiating practitioners' viewpoint in regard to 

subtypes, researchers have defined different constructs 

empirically both by cluster analysis of neuropsychological 

tests (Doehring & Hoshko, 1977; Doehring et al., 1981; Lyon 

et al., 1982; Lyon & Watson, 1981; Morris et al., 1981; 

Petrauskas & Rourke, 1979; Rourke, 1985) and by the 



clinical-inferential method (Bakker, 1983; Boder, 1970, 

1973; Lovett, 1984). 
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Historically, three general subtypes of dyslexia have 

been recognized and discussed in the literature under the 

auspices of different labels. These subtypes are: phonologic 

or auditory-linguistic, qrthographic or visuospatial, and 

mixed or phon%rtho processing problems (Bakker, 1972, 

1979, 1980, 1983, 1984, 1986, 1990, 1992; Bakker, Licht, & 

van Strien, 1991; Boder, 1970, 1971, 1973; Boder & Jarrico, 

1982; Denckla, 1972; Hooper & Boyd, 1986; Huston, 1992; 

Johnson & Myklebust, 1967; Lovett, 1984, 1987; Lyon et al., 

1982; Lyon & Watson, 1981; Mattis, 1978; Mattis et al., 

1975; Morris, Blashfield, & Satz, 1986; Morris et al., 1981; 

Newby & Lyon, 1991; Newby et al., 1993; Rispens et al., 

1994). The subtypes have different profiles both on 

neuropsychological batteries and with the type of 

instruction that is effective (Lovett, Ransby, & Barron, 

1988). 

Efforts to identify and classify dyslexia subtypes 

continue (e.g., Castles, 1992; Flynn et al., 1992; Freebody 

& Byrne, 1988; Pennington et al., 1990). Disagreements in 

regard to subtypes continue also. For example, some 

researchers suggest that the subtypes lie along one 

continuum and, subsequently, caution against using arbitrary 
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identification cutoffs (Elbro, 1991; Murphy & Pollatsek, 

1994; Olson~ Kliegl, Davidson, & Foltz, 1985; Rispen et al., 

1994). Others suggest that students may differ along one or 

more dimensions in continuous distributions and that 

phonology-orthography represents only one dimension (Kavale 

& Forness, 1987; Newby & Lyon, 1991; Newby et al., 1993; 

Stanovich, 1988). Other researchers continue to argue that 

dyslexia represents a homogeneous group and that individua)s 

displaying "pure" phonologic or orthographic deficits are 

mere outliers (e.g., Ellis, 1985; Wilding, 1989). 

In addition, some researchers continue to suggest more 

than two subtypes. For example, mUltivariate statistical 

analysis conducted on data from the Florida longitudinal 

project were translated as indicating a third subtype 

(Morris et al., 1981, 1986). The group incorporated 

individuals who displayed poor achievement with normal 

neuropsychological performance. The lack of a neurological 

basis suggests, however, that individuals in the group may 

be more representative of Adelman's (1989) "garden variety" 

slow learner than of individuals with dyslexia. 

Phonologic Processing 

For many years, researchers have believed that verbal 

coding is the primary deficit in dyslexia (Vellutino, 1979). 

In recent years, studies have confirmed that poor linguistic 
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awareness, particularly phonologic processing is a core 

problem in ~yslexia (Bradley & Bryant, 1983; Goswami & 

Bryant, 1990; Perfetti, 1991; Stanovich, 1986). Disagreement 

continues, however, in regard to definition and 

identification of phonologic processing. 

Definition. Phonologic coding, presumed to be a basic 

cognitive ability underlying facility in word 

identification, refers to the use of the speech code to 

store and retrieve information (Vellutino et al., 1994). 

Phonologic processing, therefore, is the ability to 

manipulate and integrate sounds effectively (Newby et al., 

1993) and is presumed to underlie performance in reading-

related tasks, such as alphabetic mapping and phoneme 

analysis (Vellutino & Scanlon, 1991). Efficient phonologic 

processing skill is needed in learning to read and spell 

successfully (Felton & Wood, 1992; Juel, Griffith, & Gough, 

1986; Rack, Snowling, & Olson, 1992), and deficits in the 

skill playa causal role in dyslexia (Felton, 1993; 
. .-

Perfetti, 1986; Rack et al., 1992; Wagner & Torgesen, 1987). 

Individuals with phonologic dyslexia form the largest 

of the subgroups (Boder, 1970; Mattis et al., 1975). These 

individuals have difficulty manipulating and integrating 

language sounds effectively; a problem that leads to poor 

decoding and encoding skills (Newby et al., 1993; 
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Richardson, 1992; Westman, 1996). In written language, 

phonologic processing problems are often identifiable by 

phonetically inaccurate misspellings, the irregularity of 

which can make words illegible (Boder, 1973; Johnson, 1995; 

Mather & Roberts, 1995). 

Historic context. Substantial research stresses the 

link between phonologic processing difficulties and the 

acquisition of reading (e.g., Catts, 1989; Kamhi & Catts, 

1986; Liberman, 1973; Orton, 1925, 1937; perfetti, 1992; 

Stanovich, 1988; Wagner & Torgesen, 1987). Phonologic 

deficits are considered the most damaging to reading skill 

(Bradley & Bryant, 1983; Bryant & Bradley, 1983; DeFries, 

Olson, pennington, & smith, 1991; Ehri, 1993; Felton & Wood, 

1989; Goswami & Bryant, 1990; Liberman & Shankweiler, 1985; 

Stanovich, 1988, 1991; Tunmer & Nesdale, 1985; Vellutino & 

Scanlon, 1987). Despite its importance to the acquisition of 

decoding, however, phonologic dyslexia was recorded 

subsequent to orthographic dyslexia. 

Phonologic dyslexia has been well documented under a 

variety of labels for over 60 years (see Geschwind, 1982; 

Orton, 1925, 1937; Monroe, 1932; Vellutino, 1979). Subgroups 

identified as dysphonetic (Boder, 1970, 1971, 1973), P-type 

(Bakker, 1980, 1983, 1984, 1986, 1990, 1992), accuracy 

disabled (Lovett, 1984, 1987), general and specific language 
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deficit (Lyon et al., 1982; Lyon & Watson, 1981), and 

verbally impaired (Morris et al., 1981; 1986), all manifest 

characteristics of phonologic dyslexia. 

Rabovitch (1959) was one of the first to suggest that 

dyslexia may be associated with linguistic functioning but 

did not attempt to evolve a comprehensive theory. Ten years 

elapsed before the theory that dyslexia is caused solely by 

deficient perception of verbal temporal order and sequential 

memory was postulated (Bakker, 1970, 1972). The importance 

of Bakker's work is two-fold: (a) the differentiation 

between verbal dyslexia and generalized language disorders 

occurred, and (b) the arousal of interest in phonologic 

dyslexia was magnified (Vellutino, 1979). 

Immediately following Bakker's theoretical suggestion, 

many research studies were conducted providing support of 

phonologic dyslexia (Bannatyne, 1971; Bryden, 1972; Corkin, 

1974; Downing, 1973; Elkonin, 1973; Shankweiler & Liberman, 

1972; zur~f & Ca~son, 1970). Two researchers (Downing, 1973; 

Elkonin, 1973) simultaneously but independently explained 

the intrinsic relationship between dyslexia and phonologic 

processing as caused by the lack of phonemic awareness. This 

suggestion continues to receive support today (see Olson et 

al., 1994). 
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Prior to the research of the early 1970s, phonologic 

dyslexia had been discussed from the perspective of the two 

factor model of dyslexia (Myklebust & Johnson, 1962; Johnson 

& Myklebust, 1967). In their work, Myklebust and Johnson 

postulated the importance of correctly identifying the type 

of dyslexia in order to match instruction with 

identification. The identification-instruction link appears 

to have been achieved satisfactorily in the area of 

phonologic dyslexia. 

Identification. The relationship between phonologic 

awareness and early decoding/encoding ability has been well 

established in the last quarter century (Adams, 1990; Stahl 

& Murray, 1994). Many measures of phonologic processing 

exist incorporating facility in alphabetic mapping, phoneme 

analysis, syllable analysis, and memory for sentences, 

letters, and words (Stahl & Murray, 1994; Vellutino & 

Scanlon, 1991). Many students with dyslexia have particular 

difficulty with blending (pushing sounds together) and 

retrieving phonologic information from memory (Bruck, 1988, 

1990, 1992; Felton & Wood, 1992; Kamhi & Catts, 1986; Olson 

et al., 1989; Siegel, 1989; Siegel & Ryan, 1988; Snowling, 

1981, 1991). As a result, phonologic decoding is a component 

on several standardized tests whereby subjects are asked to 

read aloud printed nonwords (Olson et al., 1994; Vellutino & 
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Scanlon, 1991). Difficulties with reading nonwords appear to 

be causally" related to dyslexia (Bradley & Bryant, 1983; 

Iversen & Tunmer, 1993; Vellutino & Scanlon, 1987; Wagner & 

Torgesen, 1987). 

One example of a phonologic decoding task is the Word 

Attack test of the Woodcock-Johnson Psycho-Educational 

Battery-Revised (Woodcock & Johnson, 1989, 1990). The test 

consists of 32 phonetically regular nonwords that must be 

read aloud to the examiner. Individuals with dyslexia caused 

by a deficit in phonologic processing perform poorly on the 

task when compared with peers without dyslexia (Bowey, Cain, 

& Ryan, 1992). 

In addition, phonologic processes are critical for 

spelling development (Bailet, 1991). Awareness of the 

internal structure of words facilitates success in learning 

how to spell (Blachman, 1994). Conversely, poor phonologic 

awareness impairs ability to segment, analyze, and 

synthesize speech sounds (Stanovich 1982a, 1982b). These 

simple phonologic skills are related significantly to 

spelling performance through high school (Calfee, Lindamood, 

& Lindamood, 1973). Even spelling problems in young adults 

often reflect specific deficits in the phonologic processing 

of language (Moats, 1991). For example, Bruck (1993) found 

that although college students with the childhood diagnosis 



of dyslexia attempted to preserve the phonologic structure 

of words, they had poorer knowledge of the associations 

between sounds and spellings. 

Reliance upon only a decoding measure of phonologic 

processing, therefore, may be insufficient as the sole 

criterion for determination of dyslexia. In the words of 

Vellutino et al. (1994): 
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••. we believe that a measure of pseudoword decoding is 

an essential component of any test battery designed to 

assess the cause(s) and extensions of reading 

disability. Yet, our findings strongly suggest that 

this measure should be accompanied by measures of 

phoneme analysis and name encoding, not only because 

they may be less tainted than pseudoword decoding by 

experience in reading and spelling ••• but also because 

they appear to measure somewhat different phonological 

components of word identification (p. 311). 

Subsequently, the Spelling of Sounds component of the DST 
.-

has been included. 

Orthographic Processing 

In addition to phonologic processing, orthographic 

processing skill pertains also to the acquisition of reading 

and writing (Perfetti, 1992). 
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Definition. Orthographic coding is " ••• the ability to 

represent the unique array of letters that defines a printed 

word, as well as general attributes of the writing system 

such as sequential dependencies, structural redundancies, 

and letter position frequencies" (Vellutino et al., 1994, p. 

314). The skill, therefore, refers to rapid and accurate 

formation of word images in memory and is important to 

fluency and automaticity (Berninger & Abbot, 1994; Ehri, 

1980; Newby et al., 1993; Reitsma, 1983; Share, 1994). 

Because orthographic processing is difficult to measure, 

Olson et ale (1994) suggest that tasks in which some 

phonologic processing occurs can be considered orthographic 

tasks if the phonologic mediation is insufficient to 

lexically identify a letter string. 

Orthographic ability is related significantly to 

reading and writing skill and is clearly evident in spelling 

(Perfetti, 1992) and decoding. Although the relationship 

exists throughout school and into adulthood, the magnitude 

of the relationship changes from grade to grade; in early 

years, words are sounded out whereas in later grades, 

orthographic representations of words play an important role 

in automaticity (Berninger, Yates, & Lester, 1991). 

Characteristics of orthographic deficits are manifested 

in subgroups of individuals that have been referred to as 
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dyseidetic (Boder, 1970, 1971, 1973), L-type (Bakker, 1980, 

1983, 1984, "1986, 1990, 1992), rate-disabled (Lovett, 1984, 

1987), visual-perceptual deficit (Lyon et al., 1982; Lyon & 

Watson, 1981), and visuo-spatially impaired (Morris et al., 

1981; 1986). These individuals have difficulty storing 

mental representations of phonetically irregular words 

(Boder, 1970, 1973; Morris et al., 1981; Newby et al., 1993; 

Westman, 1996; Willows, 1991) and, often, they confuse 

similar-looking letters or words (Johnson, 1995; Willows, 

1991). Individuals with orthographic dyslexia, therefore, 

read and spell words phonetically and produce misspellings 

that have good phonemic resemblance to the target words 

(Boder, 1973; Johnson, 1995; willows, 1991; Westman, 1996). 

Historical context. The study of dyslexia dates back to 

Sir William Broadbent around 1872 when an autopsy of an 

individual with reading disabilities revealed cortical 

damage. Five years later in 1877, Kussmaul noted that "a 

complete text blindness may exist although the power of 

sight, ~he intellect, and the powers of speech are intact" 

(p. 595). The term "dyslexia" is thought to have been coined 

by Berlin in 1887 to describe a condition acquired through 

cerebral disease. About a quarter of a century after the 

disability had been acknowledged, the first article on " 

acquired word blindness" was published (Hinshelwood, 1895). 
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The following year, two accounts of "congenital word 

blindness" were published. The first was written by James 

Kerr, a medical officer of health, who described a boy of 

average/above average intelligence who suffered from word 

blindness despite being able to "spell the separate letters" 

(cited in Critchley, 1964, p. 7). The second article written 

by Pringle Morgan (1896) described the characteristics of an 

intelligent 14-year-old boy who excelled in arithmetic but 

couldn't read. Morgan wrote: 

His greatest difficulty has been - and is now - his 

inability to learn to read. This inability is so 

remarkable, and so pronounced, that I have no doubt it 

is due to some congenital defect ••• The following is the 

result of an examination I made a short time since. He 

knows all his letters and can write them and read them. 

In writing from dictation he comes to grief over any 

but the simplest words. For instance, I dictated the 

following sentence: "Now, you watch me while I spin 

it." He wrote: "Now you word me wale I spin it"; and 

again, "Carefully winding the string round the peg" was 

written: "culfuly winder the sturng rond the Pag." 

In writing his own name he made a mistake, putting 

"Precy" for "Percy," and he did not notice the mistake 

until his attention was called to it more than once ••• 
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I then asked him to read me a sentence out of an easy 

child's book without spelling the words. The result was 

curious. He did not read a single word correctly, with 

the exception of "and," "the," "of," that," etc: the 

other words seemed to be quite unknown to him, and he 

could not even make an attempt to pronounce them ••• 

He seems to have no power of preserving and storing up 

the visual impression produced by words - hence the 

words, though seen, have no significance for him. His 

visual memory for words is defective or absent: which 

is equivalent to saying that he is what Kussmaul has 

termed "word blind." 

I may add that the boy is bright and of average 

intelligence in conversation ••• his eyesight is good. 

The schoolmaster who has taught him for some years says 

that he would be the smartest lad in the school if the 

instruction were entirely oral. (p. 94) 

In 1917, Hinshelwood addressed the articles by Kerr and 

Morgan in his seminal monograph entitled "Congenital Word

Blindness." By this time, confusion with terminology and 

definition had already begun (Richardson, 1992). 

Hinshelwood, already troubled about keeping the purity of 

the field, concerned himself with precision, and wrote: 

When I see it stated that congenital word-blindness may 
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be combined with any amount of other mental defects 

from mere dullness to low-grade mental defects, 

imbecility or idiocy, I can understand how confusion 

has arisen from the loose application of the term 

congenital word-blindness to all conditions in which 

there is defective development of the visual memo~ 

center, quite independently of any consideration as to 

whether it is a strictly local defect or only a symptom 

of a general cerebral degeneration. It is a great 

injustice to the children affected with the pure type 

of congenital word-blindness, a strictly local 

affection [sic], to be placed in the same category as 

others suffering from generalized cerebral defects, as 

the former can be successfully dealt with, while the 

latter are practically irremediable. (p. 93-94) 

Hinshelwood illustrated what he termed as congenital 

word blindness with a description of a 10-year old boy. 

Despite adequate .. visual acuity, the boy could not learn 

words by sight but, instead, spelled them out letter by 

letter (Hinshelwood, 1917). Similar individuals have been 

described throughout history (Fernald, 1943; Hinshelwood, 

1917; Ma~her & Kirk, 1985; Morgan, 1896; orton, 1925, 1937). 

These individuals have differed, however, in the severity of 

the disability. 



52 

The first report about word-blindness in the American 

"medical literature was written by neuropathologist Samuel T. 

orton (1925). orton agreed with Hinshelwood on several 

points: that word-blindness (a) was not related to mental 

retardation, (b) ranged from mild to severe, and (c) was 

caused by physiological deficits in the brain. In 1937, 

Orton described five syndromes of delay in the acquisition 

of language, including developmental alexia (word-blindness 

or orthographic processing difficulties) and word deafness 

(auditory aphasia or phonologic processing difficulties). 

Unfortunately, in the ensuing years, the definition of 

dyslexia has not included orthographic processing. 

The importance of orthographic processing has been 

underrepresented in research as well as in the dyslexia 

definition (Adams, 1990; Adams & Bruck, 1993; Bowers & Wolf, 

1993; Cunningham & stanovich, 1993; stanovich & West, 1989). 

For example, many experts in the field have suggested that 

orthographic coding plays a smaller role in dyslexia than 

does phonological coding (Frith & Snowling, 1983; Olson et 

al., 1985; Olson, Wise, Conners, Rack, & Fulker, 1989; 

Pennington et al., 1986; Siegel, 1993; Snowling, 1980; 

Stanovich & Siegel, 1994). Researchers have suggested, 

however, that this underrepresentation is due to the 

relatively small number of individuals with orthographic 
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processing deficits and, consequently, the significance of 

the factor will not be highlighted in studies incorporating 

group designs (Gross & Rothenberg, 1979; Guralnick, 1978). 

Because the presence of an orthographic processing problem 

is as predictive of reading difficulties as a phonologic 

processing problem (Mattis, 1978), correct identification of 

these difficulties is imperative. 

Identification. Like phonologic coding, orthographic 

coding also is presumed to be a basic cognitive ability that 

underlies facility in word identification (Vellutino et al., 

1994) and that contributes significantly to individual 

differences in word recognition (Olson et al., 1994). 

Currently, however, there is disagreement in regard to the 

operationalization of orthographic processing (Vellutino et 

al., 1994). Because tasks intended to measure orthographic 

processing are confounded by phonologic processing ability 

(Olson et al., 1994; Vellutino et al., 1994), no 

standardized measures exist nor is there consensus with 

regard to the optimal measure (Olson et al., 1994). 

One test that was designed to attempt to differentiate 

subtypes of dyslexia was the Boder Test of Reading/Spelling 

Patterns (Boder & Jarrico, 1982). The primary method used is 

qualitative analysis of spelling errors. The authors suggest 

that individuals with phonologic processing'difficulties do 



54 

not produce good phonetic spelling of unknown sight words. 

conversely, individuals with orthographic processing 

difficulties do produce good phonetic spelling of unknown 

sight words but often misspell known words (Boder & Jarrico, 

1982). Although the subtypes proposed in the Boder Test have 

been validated in electrophysiological studies (Flynn & 

Deering, 1989), the instrument has been criticized for 

psychometric weakness (Alexander, 1984; Bing, 1985; 

Reynolds, 1984). 

The importance of identifying correctly the subgroup of 

individuals with orthographic dyslexia has been acknowledged 

by the orton Dyslexia Society (1994). Recently, some attempt 

has been made to identify this subgroup of individuals 

(e.g., Adams & Huggins, 1985; Barker, Torgesen, & Wagner, 

1992; Levinthal & Hornung, 1992; Manis, Szeszulski, Holt, & 

Graves, 1990; Olson et aI, 1994; Siegel, Geva, & Share, 

1992; stanovich & West, 1989; Zecker, 1991). Many of the 

tests are not available to most schools, however, as they 

use computers and precise equipment to measure the latency 

and accuracy of responses. One exception is the test 

designed by Adams and Huggins (1985) whereby students decode 

50 exception words where "the spelling-to-sound 

correspondences of the test words were not just unusual but 

were at distinct variance from canonical correspondences" 
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(p. 264). The test had high reliability (.96) and concurrent 

validity (.80). 

Rationale for the DST 

Of the estimated 3-5% of the general population with 

severe reading and/or writing disabilities (Chalfant, 1989; 

Hynd & Semrud-Clikeman, 1989; Rutter, 1978), approximately 

10% have disabilities primarily in orthographic processing, 

65% have disabilities primarily in phonologic processing, 

and 25% have mixed orthographic and phonologic difficulties 

(Boder & Jarrico, 1982; Mattis et al., 1975; Newby et al., 

1993). 

Although many ways of distinguishing subtypes of 

dyslexia exist (e.g., Hooper & Willis, 1989; Rourke, 1985, 

1991), methods for diagnosing clinically on an 

individualized basis do not (Newby et al., 1993; Rispens et 

al., 1994). Because evidence is accumulating that dyslexia 

is differentially connected with the brain and, therefore, 

requires a variety of instructional interventions (Bakker et 

al&, 1991; Bakker & von der Vlugt, 1989; Fisk & Rourke, 

1979; Fletcher &, Satz, 1979; Hooper & Willis, 1989; Masutto, 

Bravar, & Fabbro, 1994; Mather & Kirk, 1985; Mather & 

Roberts, 1995; McKinney, 1984; Senf, 1976; Senf & Freundi, 

1971), the need for an effective and efficient subtyping 

instrument is evident. 
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Orthographic processing tasks are less widely discussed 

. in the research literature due to the difficulty of creating 

a task that involves only orthographic memory (Newby et al., 

1993; Olson et al., 1994). On the contrary, tests exist that 

measure phonologic processing in both receptive (decoding) 

and expressive (encoding) modes. For example, the Boder Test 

of Spelling (Boder & Jarrico, 1982) concentrates upon the 

expressive mode by analyzing spelling patterns. Conversely, 

the Boder Test of Reading (Boder & Jarrico, 1982), nonword 

recognition tasks (e.g., Olson et al., 1985; Woodcock & 

Johnson, 1989, 1990), and reading rate tasks (e.g., Lovett, 

1987) focus upon the receptive mode. 

Current literature supports the existence and 

importance of phonologic and orthographic processing to the 

acquisition of reading and writing (e.g., Berninger & 

Abbott, 1992; Doehring & Hoshko, 1977; Malmquist, 1958; 

Newby & Lyon, 1991; Rourke, 1985). In addition, recognition 

exists of the different skills necessary for success in 

phonologic versus orthographic tasks and receptive versus 

expressive tasks (e.g., Berninger & Abbott, 1994; Boder & 

Jarrico, 1982; Newby et al., 1993). The construct validity 

of what i~ measured and identified as dyslexia, however, 

and its relation to the underlying construct must be 

addressed (Doehring, 1978; Lyon, 1995; Rispens et al., 1994; 
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Satz & Fletcher, 1980; van der Vlugt, 1991). Subsequently, 

the field would benefi~ from a valid and reliable test 

(Berk, 1984; Forness & Kavale, 1987; Kavale & Forness, 1984; 

Lyon, 1995b; Olson et al., 1994; Rispens et al., 1994) that 

(a) measures both phonologic and orthographic processing in 

decoding and encoding (Olson et al., 1994), (b) attempts to 

differentiate between the two, and (c) is easy for school 

personnel to administer. 



CHAPTER THREE 

METHOD 

••• we need to establish whether and to what extent 
the specificity of subtype identification leads to 
specificity of efficacious treatments ••• to this end 
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we need to focus on investigations in which preferred modes 
of intervention are deduced by neuropsychological 

relationships that have been shown to have 
concurrent and predictive validity. (Rourke, 1994, p.501) 

Introduction 

The chapter is separated into two sections due to the 

significant role test construction played in the research. 

The first section contains the definition of terms pertinent 

to the item analyses, and information pertaining to content

related validation including a detailed description of the 

dissertation draft of the Dyslexia subtyping Test. The 

second section describes the method for examining the test's 

construct-related validation. 

SECTION 1: CONTENT-RELATED VALIDATION 

Content-related validation involves the determination 

of representativeness of the item bank as well as a test's 

freedom from the influence of irrelevant variables and 

should be discussed in two ways (Anastasi, 1988). First, the 

procedures followed in ensuring appropriate and 

representative content should be discussed through 

description of the rationale for the test's content and 
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format. Second, content validity should be demonstrated 

empirically. The total scores of individuals and/or 

performance on individual items should be checked for an 

increase in difficulty level, and the items that show the 

greatest discrimination from lower to upper grades should be 

retained. 

Item Analysis: Definition of Terms 

Item analysis provides information in regard to the 

discrimination power and difficulty level of each item 

(Ebel, 1972). Following administration of both pilots, item 

analyses were conducted to ascertain, and thereafter 

improve, the reliability of the DST measures. The analyses 

followed the classical test procedure and were conducted 

with the Automated Diagnostics and Management (ADAM) program 

(Callahan, 1993). The results are discussed in terms of a 

modified caution index, reliability, standard error of 

measurement, point biserial correlation and item 

discrimination i~dex, and item difficulty index. A brief 

description of each term follows. 

Modified caution Index (MCI) 

The modified caution index (MCI) diagrams the pattern 

of correct and incorrect responses to items. Both student 

and item MCls were considered in test design. Student MCI 

identifies individuals whose response patterns differ from 
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those of the majority with similar raw scores. conversely, 

item MCI identifies atypical response patterns to items; 

specifically, easy items that are answered incorrectly by 

high scoring students and difficult items that are answered 

correctly by low scoring students are identified. Lower MCls 

are indicative of a better student-to-test and item-to-test 

fit. The criterion for an acceptable MCI level is not well 

documented and, therefore, that suggested by Callahan (1993) 

will be adopted for purposes of the current research. 

Subsequently, MCl indices of .30 and below are considered 

acceptable whereas indices of above .30 would suggest item 

revision is necessary. 

Reliability 

Internal consistency is addressed through analyzing the 

consistency of responses from item to item. Responses to 

each item are compared to the total score of the test 

(Anastasi, 1988). Because all items in the DST are 

dichotomous, the. Kuder-Richardson Formula 20 (KR20) provides 

an estimate of internal consistency. Most commercial 

standardized tests approach a KR20 of .95 (Callahan, 1993). 

Standard Error of Measurement (SEM) 

The standard error of measurement (SEM) is the scatter 

of responses attained if the same individual was tested on 
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the same test numerous times. The SEM is influenced by 

reliability; the more reliable a test, the smaller the SEM. 

Item Discrimination 

Point Biserial Coefficient 

The point biserial is a derivation of the Pearson 

Product Moment correlation and examines the relationship 

between a continuous variable and one dichotomous variable. 

The statistic can be used to decide how well a test 

discriminates between high-scoring and low-scoring students. 

Disagreement occurs in regard to an allowable point biserial 

criterion but most suggestions are within the range of .2 

(Garrett, 1965) to .3 (Anastasi, 1988). To err on the 

conservative side, the lowest point biserial coefficients 

determined acceptable was .40 and items with lower indices 

were discarded during test development. Some tests consist 

of items all of whose point biserial coefficients are much 

higher than .40. 

Item Discrimination Index 

The point biserial coefficient and the discrimination 

index both determine how well an item discriminates between 

high- and low-scoring students. The item discrimination 

index, however, has the useful property of being biased in 

favor of items of middle difficulty (Callahan, 1993; Ebel, 

1972). It is determined by the difference between the 
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proportion of the top 27% of students and the bottom 27% of 

students who answer an item correctly. 

Items with a discrimination index of .35 (Pyrczak, 

1973) to .40 (Ebel, 1972) or more are considered high in 

discrimination whereas indices of .20 and below are low 

(Ebel, 1972; Pyrczak, 1973). Because the primary goal of 

item selection in this research study is to improve 

reliability, retention of items with high discrimination 

indices is imperative. Subsequently, in order to err on the 

conservative side during test development, the lowest index 

deemed acceptable was .50. Items whose discrimination 

indices fell at or below .49 were rejected or revised while 

those whose indices fell at .50 or above were retained. On 

some of the DST tests, all item discrimination indices are 

much higher then the selected criterion of .50. 

Item Difficulty 

The discrimination ability of an item is affected by 

its difficulty. ~istorically, two measures of item 

difficulty exist (Ebel, 1972). Perhaps the most preferred 

and syntactically correct definition of item difficulty is 

the proportion of the sample who answer the item 

incorrectly. The software selected for analyses, however, 

uses the second definition. 

For the purposes of this research, therefore, item 
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difficulty is defined as the proportion of volunteers who 

answered the item correctly. This definition may appear 

illogical and, contrary to the index name, actually 

estimates item easiness. The original label of item 

difficulty, however, is retained in accordance with the ADAM 

software (Callahan, 1993) and the second definition of item 

difficulty (Ebel, 1972). The larger the numerical value of 

the index of difficulty, therefore, the easier the item. 

Ebel (1972) suggested that translating the difficulty 

index of a test item as a property of the item is erroneous. 

Rather, the index should be translated as a property of an 

item within a particular group of individuals. This latter 

translation is preferable for use with the DST because the 

test is designed for use with a clinical sample 

incorporating individuals experiencing problems with 

decoding and/or encoding. In light of the clinical sample of 

the current research and Ebel's recommendation, the 

difficulty and discrimination indices of the two criterion 

tests will be addressed also prior to analyses of construct

related validation~ 

Ebel proffered advice also in regard to the inclusion 

of items with a wide range of difficulty in achievement 

tests. He advised that the widely-accepted educational 

practice of including very easy and very difficult items in 
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tests is unnecessary because items on which all or none of 

the subjects succeed do not discriminate. Some researchers 

who paid no heed to the advice failed to discriminate 

between good and poor students on achievement measures 

(e.g., Lahey & McNees, 1975; Samuels & Anderson, 1973). 

Tests whose items are concentrated in difficulty around 0.50 

produce more dispersion of individual scores and higher 

reliability. Subsequently, 75% of the items from the DST 

have a difficulty index range of .40 to .60. 

Test Construction 

Diagnostic instruments for subtypes of dyslexia should 

show a relationship to underlying mental processes that are 

important to word recognition skills (Newby et al., 1993). 

Through an extensive review of literature that influenced 

construction of the DST, an attempt has been made to 

accomplish this relationship. One of the most influential 

factors in test design was the rejection of the unitary 

factor model of ~yslexia. For decades, practitioners have 

been insisting that isolating a single factor that causes 

dyslexia is a vain endeavor (e.g., Fernald, 1943; 

Hinshelwood, 1917: Lyon, 1995b: Malmquist, 1958: Mather & 

Kirk, 1985; Mather & Roberts, 1995; Monroe, 1932; Morgan, 

1896; orton, 1925, 1937) and that researchers should attempt 

to identify subtypes of dyslexia (Fisk & Rourke, 1979; 
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Fletcher & Satz, 1979; McKinney, 1984). The theoretical 

model of the DST, therefore, recognizes the importance of 

both phonologic and orthographic processing to decoding and 

encoding and attempts to subtype dyslexia. 

In addition to information gathered from the review of 

pertinent literature, item design was influenced by practice 

administration to two "volunteers" with dyslexia. Items were 

designed, administered, and redesigned until the researcher 

was satisfied that each was related to a mental process 

imperative to successful decoding and/or encoding skill. 

Following initial design, the test battery was administered 

to 36 individuals with decoding and/or encoding 

difficulties. Analyses of items were conducted and items 

rejected, redesigned, or retained. The two tests containing 

revised items were readministered to the original sample 

and, subsequently, the revised edition of the full test 

battery was administered to an additional 17 subjects. Data 

from the 53 individuals comprising the combination of both 

samples were analyzed and, based upon results, items were 

retained or rejected once more. The final form of the DST, 

after the two revisions, is described below. 

DST Receptive Tests 

The DST contains two receptive tests, Phonologic Rebus 

and Orthographic Rebus. The test battery differs from many 



of the currently popular reading tests both in the 

separation of phonologic and orthographic items and in the 

incorporation of rebus tasks. 

Theoretical Basis for Phonology and Orthography separation 
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Because most individuals with dyslexia have difficulty 

acquiring accurate and fluent word identification skill 

(Stanovich, 1982a, 1988; Torgesen & Wagner, 1995; Vellutino, 

1979), most standardized reading tests include measurement 

of word recognition accuracy. variance within tests occurs, 

however, in regard to the orthographic regularity of words 

(Olson et al., 1994). 

Both a phonologic and orthographic access to reading 

has been identified (Siegel, 1986; Swank, 1994) and the 

balance of phonetically regular and irregular (or sight) 

words within a test affects the performance of individuals 

with dyslexia. For example, Stevenson (1991) found that 

group deficits of readers with dyslexia on the Schonell 

Graded Reading Test (Schonell & Schonell, 1960) contrasted 

sharply with group deficits on the Word Recognition subtest 

from the Peabody Individual Achievement Test (Dunn & 

Markwardt, 1970). A probable reason for this contrast is 

that the Schonell test has a high proportion of irregular 

words whereas the PlAT words are, for the greater part, 

regular (Stanovich & West, 1989; stevenson, 1991). 



If time is not a factor in measures of decoding, a 

student with strong phonologic skill will read correctly 

most phonologically regular words. Conversely, good 

phonologic awareness is not the sole skill necessary in 

decoding words with irregular patterns. with these words, 

strong orthographic processing skill or visual memory 

becomes necessary. Presently, therefore, experts in the 

field suggest that lists of regular and exception words be 

presented separately in measures of decoding and encoding 

(Olson et al., 1994). Consequently, separate tests of 

phonologic and orthographic decoding are being adopted in 

recent experimental studies (see Castles, 1992; Treiman & 

Hirsch-Pasek, 1985) and are used as criterion measures for 

the DST. 
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Although phonologic skills and orthographic skills 

independently contribute substantially to decoding ability, 

a correlation exists also between them (Conners & Olson, 

1990; Gough & Wa~sh, 1991; van den Bos & spelberg, 1994). 

The correlations change with age but are moderately high to 

high at all age groups (Conners & Olson, 1994; Guthrie, 

1975; van den Bos & Spelberg, 1994), and range from .50 to 

.91. The two skills appear to be more closely related in: 

(a) older individuals, and (b) individuals without decoding 



or encoding difficulties (Conners & Olson, 1990; Guthrie, 

1975). 

Theoretical Basis for Rebus Tasks 
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Although separate lists of phonologically regular and 

irregular (or sight) words is an improvement to single lists 

containing both types of words, some confounding variables 

exist (Vellutino et al., 1994). For example, the decoding of 

nonwords primarily measures phonologic processing ability 

and is a good predictor of dyslexia, yet knowledge of syntax 

and semantics affects success on such a task (Torgesen & 

Wagner, 1995). Similarly, the decoding of sight words is 

affected by experience and exposure (Olson et al., 1994). 

Because of potential confounds, therefore, an attempt 

has been made in both the phonologic and orthographic 

receptive test of the DST to measure a more basic skill. 

Dyslexia subtypes appear to be replicable across cultures 

(Critchley, 1964; Makita, 1968; Rourke, 1991; Yamada & 

Banks, 1994) and, therefore, one way of controlling for the 

confounding variables is to use symbols from other scripts 

(Vellutino et al., 1994; Yamada & Banks, 1994). Recent 

research involving the recognition of common English words 

recorded into a novel alphabet suggested that this provided 

a purer measure of phonologic dyslexia (Vellutino et al., 

1994). 
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In addition, a novel alphabet can help eliminate or 

control the use of mediational strategies for memory tasks 

(Swanson, 1977) suggesting that an orthographic processing 

test too could be improved through its use. Subsequently, 

rebus tasks have been adopted for two of the DST tests in an 

attempt to provide a purer or more basic measure of skills 

pertinent to learning to decode and encode. 

Potential Advantage 

Successful separation of phonologic and orthographic 

skill and effective measurement of basic decoding/encoding 

potential would indicate the possibility of using the DST 

effectively for identification of an individual's strengths 

and instructional needs early in a school career. Early 

identification becomes critical in regard to the success of 

reading and writing interventions because severe dyslexia 

diagnosed after age 8 is extremely resistant to treatment 

(Fletcher & Foorman, 1994). 

Unfortunate~y, current methods for the identification 

of dyslexia are predicated upon school failure (Felton & 

Brown, 1991; Mather & Roberts, 1994; Will, 1986). Despite 

evidence, therefore, that individuals with dyslexia may not 

benefit from regular teaching strategies (Torgesen & Wagner, 

1995), many are subjected to ineffective instructional 

strategies for years. A future goal for the DST, therefore, 
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is to assist with early identification prior to educational 

failure. 

Phonologic Rebus 

Theoretical Basis. Results from recent studies have 

indicated that measures of phonologic processing that 

succeed in subtyping dyslexia across all ages contain tasks 

of varying complexity (e.g., Lechner, Gerber, & Routh, 1990; 

Newby et al., 1993; Vellutino et al., 1994). The DST 

attempts to do this both by using tasks of varying 

complexity and by using nonsense words that do not follow 

common English patterns. It is anticipated, therefore, that 

the Phonologic Rebus test has been constructed so as to 

measure "pure" receptive phonology, resulting in more valid 

measures than are attained by decoding nonwords. 

Phonologic dyslexia can be demonstrated through 

assessment of: (a) phonologic awareness, (b) phonologic 

short-term memory, and (c) rapid, automatic naming of verbal 

material (Torges~n & Wagner, 1995; Wagner & Torgesen, 1987). 

Results from a five-year longitudinal study of the stability 

of phonologic processing skills indicated that awareness, 

memory, and naming tasks all show stability across grades. 

Furthermore, the results sUbstantiated that all three 

indices were more stable than word-level decoding with 

phonologic awareness being the most stable and valid 
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predictor of reading difficulties. Results from other 

studies support the predictive importance of phonologic 

awareness tasks with all age groups (Catts, 1993; Ellis, 

1990; Juel, 1988; Liberman, Shankweiler, Fischer, & Carter, 

1974; Maclean, Bryant, & Bryant, 1987; Mann, 1984; 

Montgomery, 1981; O'Connor, Jenkins, Leicester, & Slocum, 

1993) including children as young as 3 years old (Maclean, 

Bryant, & Bradley, 1987). Subsequently, the DST Phonologic 

Rebus has been designed to measure phonologic awareness. 

Two distinct types of phonologic processing measures 

have been reported (Wagner, Torgesen, Laughon, Simmons, & 

Rashotte, 1993). The first, analytic phonologic awareness, 

measures ability to segment a word into phonemes. Treiman 

and Baron (1981) suggested that this ability to represent a 

word in terms of potentially separate parts is the most 

closely related to decoding. The second skill, synthetic 

phonologic awareness, measures ability to blend phonemes 

into words and can be tested by separate sounds being given 

orally for a child to blend (Ellis, 1990). The phonologic 

skills of analysis and synthesis of speech sounds are 

related significantly to decoding performance throughout 

life (Andrews, 1996; Bruck, 1993; Calfee et al., 1973; 

Hodson, 1994; Moats, 1991; Montgomery, 1981; stanovich 



1982a, 1982b; Torgesen & Wagner, 1995; Treiman & Baron, 

1981). 
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In addition to segmentation and blending skill, 

phonemic manipulation also has been found to be a good 

predictor or reading ability (Andrews, 1996; Juel, 1988; 

Stanovich, Cunningham, & Cramer, 1984). Juel (1988) reported 

that individuals who had difficulty segmenting, 

manipulating, and blending sounds remained in the bottom 

quarter of their classes four years later. Subsequently, the 

Phonologic Rebus test incorporates the three skills through 

items requiring segmentation, movement, and blending of 

sound segments within nonsense words. Because individuals 

with phonologic dyslexia have extreme difficulty 

manipulating and integrating language sounds effectively 

(Liberman et al., 1974; Newby et al., 1993; Richardson, 

1992; Savin, 1972), the items in this test have been kept 

relatively simple. Although some of the items require more 

manipulation tha~ others, it is hoped that the simplicity 

will help to differentiate between individuals with 

phonologic dyslexia and those with a weakness, but no 

disability, in phonologic processing. 

Tasks involving visual material with an intermediary 

naming stage require both efficient naming skill and good 

phonologic awareness (Brandys & Rourke, 1991; Done & Miles, 
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1978; Ellis & Miles, 1978). Although primarily an awareness 

task, therefore, the Phonologic Rebus test involves also 

automatic naming, the third phonologic ability noted as 

important by Wagner and Torgesen (1987) and Torgesen and 

Wagner (1995). Theoretically, rapid naming tasks and 

decoding are linked by the necessary speed of the processes 

involved; in order to decode fluently, strings of phonemes 

must be accessed, stored, and interpreted rapidly (Torgesen 

& Wagner, 1995). 

In addition, the second ability (short-term memory) 

also is involved to some extent in the Phonologic Rebus 

test. The identification of words by phonology requires 

simultaneous or rapidly sequential identification, 

comparison, and blending processes (Torgesen & Wagner, 

1995). Individuals with phonologic dyslexia are likely to 

have difficulty retrieving phonologic information from 

memory (Alexander, Anderson, Heimen, Voeller, & Torgesen, 

1991; Andrews, 19.96; Catts, 1991) and are expected to 

experience difficulty remembering and manipulating the 

phonemes involved in the Phonologic Rebus test. However, 

because individuals with phonologic dyslexia can have short

term memory difficulties with verbal material presented both 

visually (Gerber & White, 1983) and auditorially (Cohen, 
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Netley, & Clark, 1984), the test has been designed to reduce 

the effects of short-term memory. 

Furthermore, the Phonologic Rebus has been designed to 

control for the effect of experience with English on 

phonologic performance. Each rebus in the test represents a 

consonant-vowel blend; although the blend is common to 

English, the combination of blends is not. Subsequently, 

individuals must learn to analyze and synthesize the sound 

patterns peculiar to this invented language in order to 

attain a high score. Because the test is designed to assess 

an individual's ability to manipulate phonemes, simple 

orthography with more involved phonology is used. 

Item Construction. The rebuses selected for this test 

are a combination of Runes and Classic Cypriot. Rebus choice 

was based upon simplicity and uniqueness of symbols. 

Initially, 16 rebuses were chosen and were rated along the 

two variables (simplicity and uniqueness) by three 

independent eval~ators. Subsequently, half the rebuses were 

eliminated and eight symbols selected for the test. Each 

symbol was assigned a consonant-vowel blend (e.g., bo, fa) 

and retained that phoneme throughout the test. 

The test incorporated 38 items consisting of the 

manipulation of 20 two-syllable and 18 three-syllable words. 

For 32 of the items, the individual was presented with 3 or 
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4 rebuses and asked to manipulate and blend the phonemes. 

For the remaining 6 items, individuals were presented with 3 

rebuses and asked to identify a given nonword from 5 

visually-presented rebus words. For all items, subjects were 

allowed to request the rebus phonemes at any time. Figure 1 

presents a sample page from the Phonologic Rebus test. More 

examples are provided in Appendix c. 

First Revision. Test data were analyzed following 

administration to 36 individuals. Results of the first 

analyses showed that the discrimination indices of 10 items 

proved unacceptable. Three of the items were identified as 

visually-presented multiple-choice items described above. 

The role of guessing was considered a factor and, 

consequently, the scoring criteria were changed. six of the 

items were changed to only 3 by pairing 2 items together for 

each item. Subsequently, individuals scored one point only 

when they had given the correct answer for both pairs 

incorporating the item. 

Of the remaining 7 items with low discrimination 

indices, 5 were reassigned as teaching items or samples 

whose results were not included in the analysis. The last 2 

items were retained pending review after further 

administration and item analyses. After the first revision, 

the Phonologic Rebus contained 30 items. 



Figure 1 

A Sample Page From the Phonologic Rebus Test 

Directions: 

Directions: 

9 

at 
1'9 

I am goiDg to ask you to read some nonsense words 
using a pretend alphabet. I wl1I show you some IJIDbois 
and tell you the sounds that they stand for. Afterwards, 
I will show you two or three of the symbols together and 
ask you to tell me the word that they make. 

ThIs e (point to symbol) says "oi:" Say "ni." 

ThIs l' (point to symbol) says "chu." Say "chu" 

What does this e l' (point to symbols) say? 

What does this t e (point to symbols) say? 

76 

Answer: ai"chu 

1.9,"" AInM. Nt •• _ --......... -.." S. ... t.oIoI ......... , .. " 
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Second Revision. The second revision occurred after the 

test had been administered to a total of 53 individuals. 

Results of the analyses indicated that 3 of the 30 items 

fai-Ied to meet the test constructor's criteria for an 

acceptable item. Each had been identified as having poor 

discrimination in the previous analysis but retained pending 

reexamination. Having been identified as weak items for a 

second time, these items were dropped from the test. Twenty

seven items, therefore, were included in the dissertation 

form of the DST. 

Dissertation Draft. Of the 27 remaining items, 14 

involve the manipulation of two-syllable words whereas the 

remaining 13 involve three-syllable words. Two of the items 

involve choosing among five visually-presented rebus words. 

All remaining items require individuals to manipulate and 

blend phonemes and give an oral answer to the item. 

Seventeen of the 27 items have a difficulty index that 

falls in the .40 to .60 range. Another eight items have a 

difficulty index between .30 and .39 or .61 and .70. 

Difficulty indices of the remaining two are .74 and .26. The 

difficulty index mean is .52 and .53 the median. 

Of the 27 items, 15 have a discrimination index of .86 

or above and a point biserial of .70 or above, and another 

11 have a discrimination index in the .70 to .85 range and a 



point biserial in the .60 to .69 range. One item has a 

discrimination index of .64 and a point biserial of .48. 

The internal reliability of the 27 items forming the 

test is .95 as measured by the KR-20 formula. Student MCI 

mean is 22 and Item MCI mean is 11. student total mean is 

15.26 with an SEM of 2.06. Because all statistics satisfy 

the criteria set by the researcher, the Phonologic Rebus 

comprising of 27 items will be included in the analysis 

demonstrating construct-related validation. 

Orthographic Rebus 
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Theoretical Basis. The important and independent role 

of a direct, lexical route for the decoding of high

frequency and phonologically irregular words has been 

recognized (Coltheart, 1978; Connors & Olson, 1990; Morton, 

1969; Olsori et al., 1994; Patterson, 1981). Although 

significant individual differences in orthographic 

processing are thought to be evident as early as first grade 

(Corcos & Willow~, 1989, 1993), the creation of orthographic 

processing tasks that are not mediated by phonologic 

processing (Olson et al., 1994) or verbal mediators (Mather 

& Kirk, 1985; McGrew, . Werder , & Woodcock, 1990) has proven 

difficult. 

Recent attempts at measuring orthographic processing 

ability have centered around three methods. One involves the 
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reading of exception words (e.g., Adams & Huggins, 1985; 

coltheart, 1978). Another involves lexical or homonym 

verification of words flashed on screens for microseconds 

(e.g., Barker et al., 1992; Manis et al., 1990; Olson et 

a1., 1985, 1989; stanovich & west, 1989). The third method 

consists of recognition of words or nonwords presented in a 

novel alphabet (e.g., Vellutino et al., 1994; Yamada & 

Banks, 1994). Unfortunately, a systematic comparison of the 

different methods of assessing orthographic processing has 

not been performed to date (Olson et al., 1994). While each 

is thought to measure the skill to some degree, none has 

been widely accepted or standardized. 

Perhaps one problem inherent to the measurement of 

orthographic processing skill lies in its developmental 

pattern. Niles and Taylor (1978) conducted a longitudinal, 

cross-sectional study and concluded that the skill developed 

quickly during first grade, less slowly thereafter, and was 

fully developed ~y the end of third grade. The results have 

been substantiated by others (e.g., Fletcher & Satz, 1979; 

Kavale, 1982), some of whom suggested that individuals 

without dyslexia in second and third grades were able to 

match the orthographic processing performance of college 

students (Juola, Schadler, Chabot, & McCaughey, 1978; 

Pollak, 1978). 
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Although some researchers believe that orthographic 

processing skill continues to develop through sixth grade or 

later (e.g., Corcos & Willows, 1989, 1993; Samuels, Bremer, 

& LaBerge, 1978), an effective measure must contain items 

that would be effective with very young children and should 

attempt to control for individual differences with print 

experience. Subsequently, a rebus design was chosen for the 

DST. Previous rebus tests of orthographic memory involved 

storing and retrieving pictures, for example Picture 

recognition in the WJ-R (Woodcock & Johnson, 1989, 1990) and 

Design Memory and Picture Memory Subtests in the Wide Range 

Assessment of Memory and Learning (Sheslow & Adams, 1990). 

Orthographic processing, however, appears to be a language

specific function that is unrelated to nonlinguistic visual

spatial perception or memory (Berninger, 1993; Fischer, 

Shankweiler, & Liberman, 1985; Sweeney & Rourke, 1985). This 

lack of relation, however, may not be surprising in light of 

the different br~in processes involved in the orthographic 

processing of nonlinguistic and linguistic visual stimuli 

(Holcomb, Ackerman, & Dykman, 1985; Petersen, FOx, Posner, 

Mintun, & Raichle, 1989). 

Evidence that dyslexia exists in countries where script 

other than alphabetic is used (e.g., Critchley, 1964; 

Makita, 1968; Yamada & Banks, 1994) indicates that measures 
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involving novel alphabets may have higher face validity 

(Vellutino et al., 1994) and prove better indicators of the 

linguistically-based orthographic dyslexia. Subsequently, 

the Orthographic Rebus involves recognition of nonword 

rebuses involving alphabets novel to learners of English. 

Item construction. Because the Orthographic Rebus from 

the DST was designed to measure orthographic processing 

ability, the nonwords used are simple and the rebuses more 

difficult. Names are given to each "word" to encourage 

subjects to identify and process the tasks similarly to 

those involving language. 

Originally, 12 different alphabets were considered; 

Runes, Tamil, Tibetan, Cherokee, Devanagari, Arabic, 

Balinese, Hebrew, Gujarati, Burmese, Kannada, and Sanskrit. 

The first four (Runes, Tamil, Tibetan, and Cherokee) were 

eliminated by the researcher as being either too simplistic 

or too involved. six symbols from each of the remaining 8 

were recorded an~ given to three independent evaluators who 

ranked the scripts from "easy" to "difficult." The results 

were synthesized and the mean rank order was noted from easy 

to difficult as: Devanagari, Arabic, Balinese, Hebrew, 

Gujarati, Burmese, Kannada, and Sanskrit. The easiest 

(Devanagari) and most difficult (Sanskrit) were eliminated. 

The next easiest (Arabic) and next most difficult (Kannada) 
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were then chosen as scripts for the Orthographic Rebus test, 

along with the two middle-rated scripts (Hebrew and 

Gujarati). 

The test comprised 28 identical-task items. For each 

item, individuals were asked to: (a) match a rebus to one of 

four of five presented at the bottom of the page, and (b) 

identify the rebus from memory on the next page from among 

the same four or five rebuses. For the item to be scored as 

correct, individuals must succeed on both halves of the 

item. An example item is provided in Figure 2. Two 

additional items are provided in Appendix c. 

The test is composed of 6 two-symbol, 14 three-symbol, 

and 8 four-symbol rebuses. Symbols from different alphabets 

were not mixed; each item consisted of symbols from only one 

alphabet. For each item, symbol position was chosen randomly 

by the throw of a die, and the order of rebus presentation 

on the page was chosen randomly by designating a playing 

card for each, t~en shuffling and dealing the five cards. 

First Revision. The Orthographic Rebus required the 

most revision among the four DST tests. Of the 28 items, 

only seven had a discrimination index of .60 or greater and 

a point biserial of .50 or above. All but one of these items 

involved rebuses consisting of three symbols. Two-symbol 

rebuses proved too easy and, conversely, four-symbol rebuses 



Figure 2 

A sample Item From the Orthographic Rebus Test 

II 

Directions: 

Directions: 

.. 

This is "trab" (point to symbol). 

Point to "trab." 

Which of these (point to five symbols on subject's side) 
says "trab?" 

II. 

1\ 

Which one says "trab?" 

x 
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were determined to be too difficult. In addition, 

individuals' appeared overwhelmed by the choice of five 

rebuses and many verbalized that the task would be more 

attainable with a choice of four. A sUbstantial revision 

occurred. 
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First, one of the two-symbol rebuses was retained as a 

training or sample item. Second, each of the 7 acceptable 

items was retained. Next, 20 new items were constructed each 

of which consisted of three-symbol rebuses with a multiple

choice among four. Perhaps the most significant change, 

however, was in the design of the items; during the 

revision, no item was constructed randomly. Instead, the 

researcher relied upon practical experience to design 

rebuses that would succeed more in discriminating between 

individuals with and without orthographic processing 

difficulties. The test was readministered to the 36 students 

and administered to an additional 17. 

Second Revision. Of the 27 items forming the revised 

version of the Orthographic Rebus, 21 evidenced acceptable 

difficulty and discrimination indices and point biserial 

coefficients. Two others were considered close enough to the 

criteria to be retained. One item had such low 

discrimination potential that it was rejected. The remaining 

three items were revised by the reordering of the rebuses on 
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the page and were readministered to all 53 individuals from 

both samples and all items analyzed again. 

Dissertation Draft. Twenty-six test items and one 

practice item form the dissertation draft of the 

Orthographic Rebus. All but one of the rebuses are built of 

3 symbols. The task remains the same from item to item and 

has not been revised throughout the construction procedure. 

Individuals must first choose a match for a stimulus rebus 

from among four rebuses at the bottom of the same page. 

Subsequently, they must choose from memory the same rebus 

from the same choices. Success on both parts of the item 

must be experienced for the item to be scored as correct. 

Twenty-five of the 26 items have difficulty indices in 

the .40 to .70 range. Twenty-three items have discrimination 

indices above .50 and point biserial coefficients above .40. 

The remaining three items have discrimination index 

coefficents of .43, .45, and .48 and point biserial 

coefficients above .40. Both the mean and median of the 

difficulty indices fall at .55. 

The internal consistency of .89"and item MCI mean of 20 

are both adequate. After the second revision, the student 

total mean was 14.75 with an SEM of 2.21. The student MCI of 

32, however, is of some concern although it is not much 

higher than the criterion of 30. Student Mel identifies 
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individuals whose response patterns differ from those of the 

majority with similar raw scores. The high student MCI, 

therefore, suggests that student response patterns cannot be 

predicted from the raw score. The atypical student response 

patterns may be influenced by items identical in form and by 

the clinical characteristics of the sample. Individuals with 

orthographic dyslexia are highly inconsistent in their 

interpretive response to visual symbols (Mather & Roberts, 

1995; Seidenberg, 1989). The relatively high score, 

therefore, is not considered a threat to the test or 

instrument. 

DST Expressive Tests 

It is possible to spell a word correctly by chance, 
or because someone prompts you, but you are 

a scholar only if you spell it correctly 
because you know how. 

(Aristotle, 340 B.C., The Nichomachean Ethics II) 

The Decoding-Encodina Relationship 

In addition to the two reading or decoding tasks, the 

DST incorporates_two spelling or encoding tests. Reading is 

a receptive task whereby the stimulus or rebus is presented 

for translation by students. spelling, on the other hand, is 

an expressive task whereby students must create the 

responsive rebus. Although reading and spelling difficulties 

often go hand-in-hand, this is not always the case. For 

example, Mather and Roberts (1995) cite the case of an 
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eighth-grade individual who, after successfully reading "Tom 

Sawyer," misspelled the name "Becky" in his written report 

with six different spellings: Beacy, Beckey, Becky, Becy, 

Beecy, and Beacey. 

Of all the basic skill areas, acquisition of spelling 

skill is extremely difficult for most individuals with 

dyslexia (Adelman & Vogel, 1990; Cordoni, 1979; Mather & 

Roberts, 1995; Wong, Wong, & Blenkinsop, 1989) and often 

persist even after reading skill is acquired (Seidenberg, 

1989). Spelling problems emerge early and continue into 

secondary school and college (Adelman & Vogel, 1990; Bruck, 

1993; cordoni, 1979; Dalke, 1988; Leuenberger & Morris, 

1990; Vogel & Moran, 1982). Often with appropriate 

instruction, individuals with dyslexia become proficient at 

decoding yet, for most, good spelling continues to be an 

unaccomplished goal (Bruck, 1987; Finucci et al., 1985; 

Fischer et al., 1985; Sweeney & Rourke, 1985). Consequently, 

the analysis of ~he phonetic accuracy of misspellings has 

been suggested as an important future direction in the study 

of dyslexia (Moats, 1994; Rourke, 1991). 

Theoretical Basis for Phonology and orthography separation 

Both phonologic and orthographic coding skills have 

been identified as factors that contribute to poor spelling 

(Bailet & Lyon, 1985: Berninger & Whitaker,' 1993: Moats, 



1991, 1994). To spell correctly, students must be able to 

recall the spoken pattern or the sequence of phonemes as 

well as the visual letter sequences (Seidenberg, 1989). 

Johnson and Myklebust (1967) characterized spelling as a 

complex skill requiring " .•• more auditory and visual 

discrimination, memory sequentialization, analysis and 

synthesis, and integration simultaneously than perhaps any 

other skill" (p. 239). 
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Because difficulties with the skills necessary for 

correct spelling may exist together or in isolation 

(Berninger & Whitaker, 1993; Hodges, 1981; Read, 1986), a 

current direction in dyslexia testing is that words of 

phonemic regularity and irregularity be assessed separately 

(Castles, 1992; Moats, 1994; Olson et al., 1994; Treiman & 

Hirsch-Pasek, 1985). Words are typically presented in the 

form of a dictated spelling list because the measurement of 

spelling errors in context is too complex and requires a 

large vocabulary_sample (Moats, 1994). In order to comply 

with current research-based trends, therefore, two spelling 

tests are included in the CST; Spelling of Sounds, a test 

that measures phonologic skill, and Spelling of Words, a 

test that measures orthographic skill. 

Spelling of Sounds 

Theoretical Basis. Many individuals with phonologic 
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dyslexia have good orthographic processing skills and, 

consequently, often decode and spell correctly words with 

which they have prior experience (Mather & Roberts, 1995). 

Because difficulty arises with novel words, tests of nonword 

decoding have become popular for identification of 

phonologic dyslexia and have been shown to be causally 

related to reading (Bradley & Bryant, 1983; Iversen & 

Tunmer, 1993; Vellutino et al., 1994; Wagner & Torgesen, 

1987) • 

The Spelling of Sounds test from the DST presents 

nonwords orally to students for transcription. The task was 

changed from one of decoding to encoding because of 

documentation of the current need for a phonologically-based 

spelling test (Lindamood, 1994; Moats, 1994). In addition, 

spelling problems are more resistant to instruction 

(Seidenberg, 1989), persist into adulthood (Adelman & Vogel, 

1990; Bruck, 1993; Dalke, 1988; Leuenberger & Morris, 1990; 

Vogel & Moran, 1~82), and are better indicators of 

difficulties in older students (Moats, 1994). Furthermore, 

phonologic coding difficulty has been identified as one of 

the most important constructs in the explanation of spelling 

disabilities throughout primary, intermediate, and junior 

high grades (Berninger, 1994). 

Item Construction. As originally constructed, the test 



contained 50 words and was adapted from the Spelling of 

Sounds test" of the Goldman-Fristoe-Woodcock (GFW) Sound

Symbol Tests from the GFW Auditory Skills Test Battery 

(Goldman, Fristoe, & Woodcock, 1974). The test has been 

modified significantly based upon results from recent 

research. 
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The first modification was made based upon the 

suggestion that one syllable nonwords of the consonant

vowel-consonant pattern do not differentiate effectively 

between individuals with and without phonologic processing 

difficulties (Snowling, 1981). In addition, nonsense words 

differing from actual words by 2 graphemes differentiate 

between individuals with and without dyslexia more 

effectively than nonwords differing by one grapheme (Pring & 

Snowling, 1986). Although the majority of words in the 

Spelling of Sounds test are of more than one syllable, some 

monosyllabic words have been incorporated in order to 

include a wide d~fficulty range. In addition, the test 

incorporates nonwords with one-, two-, and multi-grapheme 

changes. 

Another factor affecting performance of individuals 

with dys~exia is the existence of word families (Treiman, 

Goswami, & Bruck, 1990). Word families incorporate "friends" 

that both rhyme and have identical sound-symbol 
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correspondence. For example, "friends" of the word "right" 

include "fight," "light,' "might,' "plight" and so on. 

"Unfriendly" words cannot be decoded by analogy to the 

rhyming portions of familiar words but can be decoded only 

by processing grapheme-phoneme correspondence (Olson et al., 

1994). Results from research indicate that, even with 

effective instruction, individuals with dyslexia only 

improve in "friendly" words (Manis, Custodio, & Szeszulski, 

1993). The second modification, therefore, involved adding 

some words to the test that do not have familiar spelling 

patterns. 

In addition to the existence of regular spelling 

patterns, their frequency also has an impact on the correct 

spelling of individuals with dyslexia (Siegel et al., 1992). 

Individuals tend to err with words that have irregular 

friends such as "front" and, therefore, such nonwords have 

been added to the Spelling of Sounds test. 

The last modification made to the Spelling of Sounds 

test was the addition of more consonant blends within words. 

Olson et al. (1994) suggested that the inclusion of more 

blends within phonologic processing tasks would make the 

measures more sensitive to unique individual deficits and 

help avoid ceiling effects in older students. Three of the 

nonwords included in the test (shimpolk, smilcrit, and 



grutchly) have been taken directly from the Oral Nonword 

Reading Task presented by Olson et al. (1994, p. 274-275). 
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First Revision. The need for a major revision was 

readily apparent after initial analyses had been conducted. 

Of the 50 items, only 8 had a difficulty index between .40 

and .60. All the other difficulty indices fell into the .11 

to .37 range indicating that the nonwords were too difficult 

for the population. One possible cause was that clarity of 

pronunciation was lost by the test format (words were 

taped). At this stage, however, the cause was not as 

important as the revision. 

First, the scoring criterion was changed to a more 

lenient criterion and the data reanalyzed. Although some 

improvement could be seen, most of the items remained too 

difficult. Second, and contrary to research, many of the 

words were shortened to one- or two-syllables (e.g., 

depnoniel was shortened to depnone; abtromly became tromly) 

and difficult-to-hear consonants or blends were removed 

(e.g., shimpolk became shipolk; chadessing changed to 

chadessy). Last, words with a multitude of possible correct 

spellings were eliminated. 

After revision, 43 items remained, were re-recorded and 

administered both to the second sample of 17 individuals and 

to the original sample of 36 individuals. 
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Second Revision. The subsequent item analyses showed 

that the revisions had improved the test substantially. The 

difficulty index of each item was considered acceptable but 

an additional seven items were rejected (based upon the 

discrimination index) in order to make more manageable the 

number of items. 

Dissertation Draft. Of the remaining 36 items, 32 had 

difficulty indices in the .40 to .60 range. Of the remaining 

four, three had an index of .66 and the other of .62. The 

mean of the item difficulty index was .52 and .51 the median 

of the index. 

All point biserial coefficients were .60 or above. 

Twenty-six of the discrimination indices were .86 or higher. 

The remaining ten were above .70. The internal consistency 

coefficient was .97 and both item and student MCI means fell 

below the required .30 (Student MCI mean 27 and Item MCI 

mean 11). The student total mean was 22.11 with an SEM of 

2.37. 

The dissertation draft of the test is presented in 

Figure 3 and Appendix C. The acceptable spellings are 

presented alongside each item. 

Spelling of Words 

Theoretical Basis. Although individuals without 

disabilities make an occasional error with phonetically 
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Figure 3 

The Dissertation Draft of Spelling of Sounds 

Pronunciation Acceptable Spellings 

1. fen fen (d) 
2. yow y(ou/ow/aw) 
3. spong spon(g/d/-) 
4. oady o(a)d(y/ee/e/i) 
5. gacks ga (cs/ks/ cks/x) 
6. danter dant(e/i/u)r 
7. smilcrit sm(e/i)l(c/k)r(i/e)t(e) 
B. tromly tr(o/u)m(a)l(ee/e/y) 
9. honged hon(g) (e)d 

10. dinute 

11- chendag ch(e/i)nd(a/e)g 
12. chadessy ch(a/e)d(e/u/a)s(s) (y/ee/e) 
13. spland spl (a/e/u) nd 
14. und un ( n) (e) d ( e) 
15. cruplind (c/k) (r)upl(i/e)n(d) 
16. depnone depno(w)n(e) 
17. fut fut 
lB. gormite go(a)rm(ite/it/ight) 
19. stram stra(m/n) 
20. spraich spr(ea/ai/a)ch 

21. bontie bont(ie/ay) 
22. plenlappers pI (e/a/i)nlap(p) (ers/res) 
23. briff b(e)ri(f/ff/th) 
24. trosald tr(o/u)s(s) (ald/old/eld/led) 
25. pont p(o/a/u)nt 
26. bishing bishing 
27. shipolk sh(i/e)p(o/u/a) 1 (c/k/ck) 
2B. slicter sl(i/e) (c/k)t(e/i/o/u)r 
29. lemstine 1 (e/i)mst(ein/ine/in) 
30. unhimp (u/o)nhimp 

31- fenstay f(e/i)nsta(y/e/ve) 
32. spag spag 
33. balfime b(a/e)l(l)fi(m/n) (e) 
34. torsing to(r)sing 
35. bafmot b(a/e) (f/ff/th)mot 
36. gruchley gr(u/e) (t)chl(ee/ey/y/e) 
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irregular words, transitional spellings can be seen often in 

the spellings of older, bright individuals with orthographic 

dyslexia (Frith, 1980). competence at the correct spelling 

stage is dependent upon rote visual memory or orthographic 

processing throughout primary, intermediate, and junior high 

grades (Berninger, 1994; Frith, 1980). Individuals with 

orthographic dyslexia, therefore, have trouble with correct 

spelling and rely upon the phonetic spelling of even high 

frequency words (Boder & Jarrico, 1982; Willows & Terepocki, 

1993). 

As noted previously, there is disagreement currently as 

to the operationalization of orthographic processing 

(Vellutino et al., 1994) and no consensus exists with regard 

to the optimal measure (Olson et al., 1994). Most of the 

measures incorporate a word-homonym (e.g., wait/weight) or 

pseudo homonym (e.g., wate/wait) choice involving much time 

and technology (e.g., Barker et al., 1992; Manis et al., 

1990; Olson et a~., stanovich & West, 1989). Another popular 

approach involves the reading of lists of exception words 

(Coltheart, 1979) and has been used in some of the more 

popular reading measures (e.g., The Boder Test of Spelling

Reading ~atterns [Boder & Jarrico, 1982]; WJ-R [Woodcock & 

Johnson, 1989, 1990]). 

The rationale for using exception words is that the 
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rules operating the phonologic processing route are violated 

(Olson et ale 1994). The words are presumed, therefore, to 

be read in the direct route of orthographic processing based 

upon memory of the visual representations (Coltheart, 1978). 

Consequently, exception words have been included as part of 

the expressive or encoding portion of the DST in the form of 

Spelling of Words. Unfortunately, many exception words can 

be decoded, at least in part, by common grapheme-phoneme 

correspondence rules (Olson et ale 1994). Although grapheme

phoneme correspondence rule will help in successful 

completion of spelling also, individuals with dyslexia are 

apt to write an incorrect phonetic spelling. For example, 

the word "girls" could be written phonetically correctly as 

"girls," "gerls," and "gurls." The task may prove more 

useful, therefore, as an encoding rather than a decoding 

test. 

In addition to providing a cleaner measure of 

orthographic processing by focusing upon the creation, and 

not recognition, of spelling patterns the Spelling of Words 

test also will make more evident the difficulties 

experienced by older students because spelling problems 

often continue even after reading skill is acquired 

(Seidenberg, 1989). Spelling errors, therefore, appears to 

be a more reliable measure of dyslexia in older students 
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(Adelman & Vogel, 1990; Bruck, 1993; Mather & Roberts, 1995; 

Vogel & Moran, 1982). 

Item Construction. The 75 words forming the test were 

chosen prior to examination of the words incorporating the 

criterion measure (50 Exception Words [Adams & Huggins, 

1985]). They were chosen by the researcher from three word 

lists: (a) The New Instant Word List (Fry, 1980); (b) 1,000 

Instant Words (Fry, Polk, & Fountoukidis, 1984; and (c) The 

Spelling for Writing List (Graham, Harris, & Loynachan, 

1994). Word choice was based upon personal, clinical 

experience of the researcher and many of the words chosen 

were identified by Graham et al. as being spelling demons or 

commonly misspelled words. 

Each word was presented orally in three steps: (a) out 

of context, (b) in a short sentence, and (c) out of context. 

For example, for the word "come," individuals heard: "Come. 

Come to my house. Come." 

First Revision. Although all of the words in this test 

were high frequency wordS, many proved to be too difficult. 

Of the 75 words, 29 had a difficulty index below .30. 

Subsequently, 25 were rejected and the other four retained 

because they were expected to be good discriminators. In 

addition, the two items whose indices of difficulty fell 

above .75 were rejected. Of the remaining 48 items, 43 were 
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retained. All had point biserial coefficients of .60 or 

above. Thirty had discrimination indices of .80 or above and 

the remaining 13 had indices above .60. 

Second Revision. After the second sample 

administration, 7 items were rejected on the basis of 

difficulty levels. The remaining 36 items were considered a 

more manageable number for a spelling test. 

Dissertation Draft. After administration to 53 

individuals, the dissertation draft of the Spelling of Words 

test contained 36 items. Twenty-nine of the items had a 

difficulty index in the .40 to .60 range. For the remaining 

7 items, difficulty indices were: .75 (2), .64, .62, .38 

(2), and .34. Both the mean and median of the difficulty 

indices were .53. 

All but three point biserial coefficients (.66, .64, 

.64) fell at or above .70. In addition, 32 of the 36 

discrimination indices fell at or above .86 with the 

remaining four d~monstrating an index of .79. Student MCI 

mean was 16 with 6 being the Item MCI mean. The student 

total mean was 23.32 and the SEM 2.17. The KR-20 was .98 

indicating that the test had extremely high internal 

consistency. 

The dissertation draft of Spelling of Words is 

presented in Figure 4 and Appendix C. 
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Figure 4 

The Dissertation Draft of Spelling of Words 

1. who Who is your friend? 
2. true Is this true or false? 
3. warm The water is ~. 
4. colors I like those colors. 
5. come Come to my house. 
6. many I like many things. 
7. comb Must I comb my hair? 
8. very We are ~ happy. 
9. touch Please don't touch that. 

10. once I had a toothache once. 

11. some Some people like spinach. 
12. blood Vampires drink blood. 
13. want I want an apple. 
14. said Who said that? 
15. half I ate half of the pie. 
16. dead The plant was brown and dead. 
17. shoe My shoe is too small. 
18. friends I play with my friends. 
19 •• girls The girls were happy. 
20. watch I like to watch television. 

21. island The ship went to an island. 
22. world The world is round. 
23. trouble I never get in trouble. 
24. young My sister is very young. 
25. again I knocked again and again. 
26. front She is in front of me. 
27. catch I like playing catch. 
28. money I have no money. 
29. should We should get up early. 
30. little The little cat drank. 

31. enough I have eaten enough. 
32. people Some people enjoy tennis. 
33. thought I thought I heard a noise. 
34. because I'm tired because I went to bed late. 
35. walked We walked to school. 
36. water I like to drink water. 



SECTION II: CONSTRUCT-RELATED VALIDATION 

Overview 
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six tests of basic reading (decoding) and writing 

(encoding) skill were administered to 92 individuals with 

decoding and/or encoding difficulties. After a discussion of 

content-related validation of the instrument created for 

purposes of the current research (DST), the research 

question of construct-related validation was addressed. 

Using the multitrait-multimethod (MTMM) analysis (Campbell & 

Fiske, 1959), the research was designed to examine the 

degree to which the DST tests showed convergent and 

discriminant validity to the phonologic and orthographic 

constructs. Results are displayed in a correlation matrix 

(see Table 3.1). 

criterion Measures 

For the purposes of the current research, an assumption 

is made that WJ-R Word Attack test (Woodcock & Johnson, 

1989, 1990) and ~O Exception Words (Adams & Huggins, 1985) 

are measures of two different c'onstructs. Subsequently, 

construct-related validation is addressed through an 

examination of the correlation coefficients between 

experime~tal tests and the criterion measures. Discriminant 

and convergent validity is discussed. 



Table 3.1 

The Correlation Matrix of Two Traits as Measured by Three 

Different Methods 

TRAIT I 

Method 
1 2 

T 
R M 1 r P 
A 
I M 2 r 
T 

M 3 
I 

T 
R M 1 
A 
I M 2 
T 

M 3 
II 

Where: 

(M) 
3 

P 

P 

r 

TRAIT II 

Method (M) 
123 

C x x 

x R x 

x x E 

r o o 

r 0 

r 
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r = monotrait-monomethod or reliability coefficients (from 
item analysis) 

P = monotrait-multimethod coefficients for Trait I 
o = monotrait-multimethod coefficients for Trait II 
C = multitrait-monomethod coefficient for Method I 

(criterion tests) 
R = multitrait-monomethod coefficient for Method II 

(receptive tests) 
E = multitrait-monomethod coefficient for Method III 

(expressive tests) 
x = multitrait-multimethod coefficients 
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Phonologic criterion 

Reliability of the Word Attack test (Woodcock and 

Johnson, 1989, 1990) has been reported as high, ranging 

between .87 and .95 for ages 6-79. In addition, validity as 

a measure of decoding is reported as ranging from .656 at 

age 13 to .802 at age 6 (WJ-R Examiner's Manual, Woodcock & 

Mather, 1989, 1990). The test previously has been used as 

the dependent measure in research (Vellutino et al., 1994) 

and, consequently, has been chosen as the criterion measure 

in the current research. High correlations are predicted, 

therefore, between Word Attack and the phonologic tests of 

the CST. Because the test has not been used previously for 

this population, an analysis of item difficulty and 

discrimination was conducted. 

Orthographic criterion 

Adams and Huggins (1985) provide evidence that their 

list of 50 exception words is valid in separating good 

readers from bad. The test was given to 106 readers of 

varying ability in second- through fifth-grade and was shown 

to have high internal consistency (Spearman-Brown split-half 

reliability r=.96) and concurrent validity (.8 range). 

Although individuals identified as having dyslexia were not 

among the study's subjects, they have been among the 

subjects in other studies (see Olson et al~ 1994). The test, 



therefore, is considered valid for current purposes. 

Investigation into the most effective items for subtyping 

purposes, however, occurred. 

Materials 
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Materials consist of six tests. Of the six, two were 

criterion measures. The first, Word Attack (Woodcock & 

Johnson, 1989, 1990), was a criterion measure for phonologic 

processing skill. The second, 50 Exception Words (Adams & 

Huggins, 1985), was the criterion measure for orthographic 

processing ability. The remaining four tests comprised the 

DST and had been created for the purposes of the current 

research. Two of the DST tests (Phonologic Rebus and 

Spelling of Sounds) were designed to measure phonologic 

processing skill. Conversely, the other two (Orthographic 

Rebus, and Spelling of Words) were designed to measure 

orthographic processing ability. 

The DST instrument reflects current literature in the 

area and is discussed in Section I of this chapter. 

Sample 

Fletcher and Foorman (1994) urge the development of 

instruments that are psychometrically appropriate for 

individuals with dyslexia. Designers of tests of dyslexia 

who choose items based upon analyses of data gathered from 
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normal-reading populations, therefore, may be committing an 

error. The error has been defined as asking the wrong 

research question and labeled a Type III error (Mather & 

Kirk, 1985; Mitroff & Featheringham, 1974). In an attempt to 

avoid a Type III error and to lessen the chance of attaining 

nonsignificant results based upon poor choice of subjects or 

research questions a clinical sample was used for the 

current research. 

The sample, therefore, comprised of 92 volunteers from 

two schools in Tucson, Arizona that serve only individuals 

with learning disabilities. All students had been identified 

previously as having decoding and/or encoding difficulties 

based upon the results of formal and informal testing, 

teacher observations, and clinical experience. Volunteers 

were receiving currently a multisensory teaching approach to 

literacy. student exposure to multisensory approaches ranged 

from 2 weeks to 3 years. 

Parents or l~gal guardians of each volunteer signed a 

consent form prior to testing (see Appendix B). The consent 

form defined the purposes and importance of the research, 

explained how confidentiality would be protected, and 

contained the researcher's phone number so that further 

queries could be answered. 

Although current research indicates that dyslexia 
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affects boys and girls equally (Flynn & Rahbar, 1994; 

Shaywitz et al., 1992; Shaywitz, Shaywitz, Fletcher, & 

Escobar, 1990; Shaywitz et al., 1995), more males tend to be 

identified. Of the 92 volunteers for the current research, 

62 were male and 30 female. This ratio is reflective of the 

schools' male-female ratio. The volunteer gender imbalance 

was not considered a research threat because no evidence 

exists currently suggesting a link between gender and 

dyslexia subtype. 

Because the individuals participating in this research 

were volunteers, the researcher had little control over the 

age range and frequency of individuals in each age group. 

The ages of the volunteers ranged from 6 years 1 month to 18 

years and 3 months. The mean age was 11 years and 6 months. 

The number of individuals within the different age groups 

range from 16 ten year olds to 1 eighteen year old. All 

frequencies are displayed in the bar chart in Figure 5. 

D~ta Collection and Recording 

All items comprising each of the six tests were given 

to all volunteers. Each individual's scores were recorded on 

a test protocol constructed specifically for the purposes of 

the research (see Appendix C). Every item on all six tests 

was dichotomous and recorded with a 1 if answered correctly 

and with a 0 if answered incorrectly. 
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Figure 5 

Bar Chart Illustrating the Age Range and Frequency of 

Volunteers 

20~-·--- ----------.- .. - .. __ ._--------------- -.... 

AGE 
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Procedure 

Item Selection and Reliability Analyses 

For a full explanation of test development and item 

selection see the section I of this chapter. A brief review 

follows. 

Seventy-five percent of all DST items have a 

discrimination index in the range of .40 to .60. The 

remaining 25% fall into either the .25 to .39 or .61 to .75 

range. Indices of discrimination and point biserial 

coefficients ranges vary among the four tests. Only two 

items, however, have a discrimination index lower than .50 

and a point biserial coefficient lower than .40. 

The internal consistency of each test as measured by 

the Kuder Richardson Formula 20 for dichotomous items was 

considered adequate for construct-related analyses to be 

conducted. Specifically, reliability coefficients were .89 

(Orthographic Rebus), .95 (Phonologic Rebus), .97 (Spelling 

of Sounds), and .98 (Spelling of Words). Reliability 

coefficients of the criterion measures were .96 (Word 

Attack) and .98 (50 Exception Words). 

Administration of Tests 

The researcher introduced herself and her assistant 

data collectors to the students and explained the purpose 

and importance of the research. All four assistants had been 



108 

trained by the researcher to give all six tests. 

Administration of the tests occurred during three periods; 

36 individuals were tested in late July, 17 in the beginning 

of August, and 39 in late August. 

The two criterion tests (Word Attack and 50 Exception 

Words) were individually-administered prior to 

administration of the DST. Two of the DST tests (Spelling of 

Words and Spelling of Sounds) were administered to each 

class as a group by the classroom teacher. The teachers read 

the words in the Spelling of Words test and presented the 

nonwords for Spelling of Sounds on tape to ensure uniformity 

of pronunciation. The remaining two DST measures 

(Orthographic Rebus and Phonologic Rebus) were administered 

individually. Because the rebus measures were the most 

experimental, the researcher administered this test to the 

first 20 individuals from the first pilot sample. After 

writing the instructions more specifically, subsequent tests 

were administered either by the researcher or one of the 

trained assistants. The tests are to be found in Appendix B. 

Validation of the Instrument 

Through the use of item analysis, the DST has been 

constructed with high internal consistency. A high 

reliability coefficient, however, does not ensure the 

validity of a test (Anastasi, 1988; Ebel, 1972). For the 
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purpose of this research, validity was addressed through an 

examination ·of the correlations between the six measures 

(convergent and discriminant validity). In addition, a 

factor analysis was conducted to sUbstantiate and explain 

further the findings. 

Tests of the same.constructs should correlate highly 

(i.e., above .65) regardless of the nature of the task 

(Gersten, 1994); low correlations (i.e., below .50) between 

tests of the same construct would suggest ineffective 

measures of that construct. Table 3.2 depicts the 

correlation matrix for the current research. 

Letters "P" and "0" represent monotrait-multimethod 

correlations (i.e., tests of phonologic processing ability, 

and tests of orthographic processing ability). These are 

different tests of the same construct and, therefore, are a 

measure of convergent validity (Gersten, 1994). The 

correlations among the phonologic tests are expected to be 

high as are those. among the orthographic test. All are 

expected to be lower, however, than the reliability indices. 

Letters "C," "R," and "E" represent measures of 

multitrait-monomethod correlations where correlations 

between the two criterion tests, the two experimental 

receptive tests, and the two experimental expressive tests 

will be reported. These correlations are measures of 
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discriminant validity (Gersten, 1994) and are expected to be 

relatively strong but weaker than the "P" and "0" 

correlations. Gersten suggests that if the multitrait

monomethod correlations are higher than those of the 

monotrait-multimethod correlations, the constructs may not 

stand independently of one another. The final correlations, 

multitrait-multimethod data, are represented in Table 3.2 

by the letter "XII and are expected to be lower than all 

others though fairly consistent among themselves (Gersten, 

1994) • 

Finally, analyses of phonologic/orthographic and 

decoding/encoding ability were made by individual. For the 

first analysis, individuals' scores on all three phonologic 

tests were added and turned into a percentage. Following the 

conversion of orthographic scores into percentages, the 

difference between phonologic and orthographic ability was 

examined for each individual. The analysis of 

decoding/encoding. followed the same procedure with data from 

the two criterion tests being used for the decoding portion 

data from the two spelling tests for the encoding component. 



111 

Table 3.2 

Multitrait-Multimethod Correlation Matrix of Phonologic and 

Orthographic Processing Abilities_Measured by Three 

Different Methods 

Phonologic Tests orthographic Tests 

WA PR SS EW OR SW 

WA r P P C x x 

Phono PR r P x R x 

SS r x x E 

EW r o o 

Ortho OR r o 

SW r 

Where: 
r = monotrait-monomethod (reliability from item analysis) 
P = monotrait-multimethod coefficients for Trait I 
o = monotrait-multimethod coefficients for Trait II 
C = multitrait-monomethod coefficient for Method I 

(criterion tests) 
R = multitrait-monomethod coefficient for Method II 

(rebus tests) 
E = multitrait-monomethod coefficient for Method III 

(spelling tests) 
x = multitrait-multimethod coefficients . 

WA = 
PR = 
SS = 
EW = 
OR = 
SW = 

Word Attack (phonologic criterion measure) 
Phonologic Rebus 
Spelling of Sounds 
50 Exception Words (orthographic criterion measure) 
Orthographic Rebus 
Spelling of Words 



CHAPTER FOUR 

RESULTS 

When you know a thing, to hold that you know it; 
and when you do not know a thing, 
to allow that you do not know it: 

this is knowledge. (Confucius) 
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The purpose of this chapter is to present the results 

of the study in relation to (a) test construction, and (b) 

construct-related validation of the Dyslexia Subtyping Test. 

Test Construction 

The final item analyses were conducted after 

administration to 92 volunteers with decoding and/or 

encoding difficulties. Results are presented by test with 

analyses of the DST tests following that of the two 

criterion measures. 

Phonologic criterion (Word Attack 

Analyses of the 32 Item Test 

The phonologic criterion for this study was Word Attack 

(Woodcock & Johnson, 1989, 1990). Item analyses of the 32 

items are reported in Table 4.1 as figures without 

parentheses. Item difficulty ranged from .09 to .84 with .46 

as both median and mean of the index. Twelve of the items 

fell into the .40 to .60 range. A further 12 items fell into 

either the .24 to .39 or .61 to .75 ranges. All but four of 

the items had discrimination indices of .60 or above and 

point biserial coefficients above .50. Item Modified caution 
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Table 4.1 

Breakdown (by Difficulty> of Item Difficulty. Discrimination 

Index. Point Biserial. and MCI For Word Attack. 

ITEM DIFFICULT DISCRIM % BISERIALr ITEM MCI 

nat .84 52 .56 6 

tiff .83 60 .61 4 

zoop .78 60 .60 7 

* nan .75 64(60) .59 10(9) 

* ib .72(.74) 76(68) .63 ( • 59) 8(10) 

* lish .71 72(76) .63 9 

* gusp .64 76(72) .69(.70) 7 

* jox .62 76 .61 12(13) 

* rox .60 84 .65 10(11) 

* dright .55 100 .73 6(7) 

* feap .54 100(96) .76(.77) 5 

* yosh .50 68 (76) .57 ( • 60) 16(15) 

* tayed .49 80(84) .68 10(11) 

* snirk .48 92 .73(.74) 7(8) 

* loast .46 88(84) .70 9(10) 

* mibgus .- .46 92(96) .72 8 

* wheeg .45 76(84) .59(.60) 15(16) 

* thrept .43 84 .70(.71) 9 

* sluke .41 96(88) .72 7(8) 

* whumb .41 80 .61(.62) 14 

* grawl .33 60 .57 16(15) 

(table continues) 



ITEM OIFFICULT 

* quantric .32 

* saist .29 

* coge .27 

* phigh .27 

* knoink .26 

* splaunch .24(.25) 

mafreatsun .24 

deprotena- .23 
tion 

lindify .21 

paraphonity .15 

apertuate .09 

32 Items: 
KR20: 0.95 
Student MCI Mean: 13 
Item MCI Mean: 10 

Student Total Mean: 14.55 
so: 9.22 
SEM: 2.02 

Student Raw % Mean: 45.48 
so: 28.82 
SEM: 6.32 

Where: 
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OISCRIM % BISERIALr ITEM MCI 

92(88) .77(.76) 

76(72) .65(.64) 

60(64) .57 

72(80) .67 

60(64) .59 ( • 62) 

68(64) .62 

52 .53 

72 .64 

60 .55 

48 .53 

33 .45 

24 Items: 
KR20: 0.94 
Student MCI Mean: 18 
Item MCI Mean: 10 

2(3) 

9(10) 

14 

8(7) 

13 (10) 

9 

6 

8 

13 

10 

7 

Student Total Mean: 11.22 
SO: 7.53 
SEM: 1. 79 

Student Raw % Mean: 46.74 
so: 31.39 
SEM: 7.45 

1. An asterisk denotes that the item was included in the 
analysis of test correlations (24 items). 

2. Figures in parentheses denote the change that occurred 
when the 24 items to be included in test correlations 
were analyzed without the 8 rejected items. 



Indices (MCI) fell at or below 16 and had a mean of 10. 

Student MCI mean was 13 and the test had an internal 

reliability coefficient of 0.95. 
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Student total mean was 14.55 with a standard deviation 

of 9.22 and a standard error of measurement of 2.02. Student 

raw percentage mean was 45.48 and had a standard deviation 

of 28.82 and a standard error of measurement of 6.32. 

For the purpose of construct-related validation 

analyses, eight of the items were rejected on the basis of 

failure to meet the researcher's criteria for difficulty or 

discrimination indices. Subsequently, 24 items were chosen 

to form the criterion test for analysis of construct-related 

validation of the DST. 

Prior to examination of construct-related validation, 

however, item analyses were conducted on 24 chosen items. 

Data from analyses of the 24 items are reported in 

parentheses in Table 4.1 and the selected items indicated by 

an asterisk. The absence of a number in parentheses 

indicates that the same result was attained in both 

analyses. 

Analyses of the Selected 24 Items 

Difficulty indices of the 24 items ranged from .25 to 

.75. The median of the index was .46 with .47 as the mean. 
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Eighteen of 24 discrimination indices fell at or above .72 

and had point biserial coefficients of .60 or higher. The 

remaining 6 items had discrimination indices in the .60 to 

.68 range and point biserial coefficients in the .57 to .62 

range. 

Item MCI had a range of 3 to 16 and a mean of 10. 

Student MCI mean was 18. Student total mean was 11.22 with a 

standard deviation of 13.38 and a standard error of 

measurement of 1.79. Student raw percent mean fell at 46.74 

and had a standard deviation of 31.39 and a standard error 

of measurement of 7.45. The internal consistency coefficient 

was .94. 

Orthographic criterion 

Analyses of the 50 Item Test 

The clinical sample to whom the 50 Exception Words test 

was given appeared to find many of the items difficult. 

Twenty-three of the items had a difficulty index above .40 

(indicating that these were the easier items), with the 

remaining 27 items evidencing indices of .39 or below (see 

Table 4.2). Most of the items had high discrimination 

indices and point biserial correlations. Item MCls fell into 

the range of 1 to 18 with a mean of 6. The student MCI mean 

was 10, and student total mean was 18.54 with a standard 
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Table 4.2 

Breakdown (by Difficulty> of Item Difficulty. Discrimination 

Index. Point Biserial. and MCI For 50 Exception Words. 

ITEM DIFFICULTY DISCRIM % BISERIALr ITEM MCI 

* ocean .74 84 .64(68) 1 

* touch .73 84 .65(70) 1 

* sugar .70 92 .70(74) 1 

* break .66 92 .70(74) 2 (3) 

* island .63 100 .71(74) 4(5) 

* truth .55 100 .80(83) 3(4) 

* busy .53 100 .83(86) 2(3) 

* deaf .53 96 .77(79) 6(7) 

* iron .52 92 .79(83) 5 

* heights .52 84(88) .63(65) 14 

* sword .52 96 .81(84) 4 

* none .51 100 .77(78) 6 (7) 

* stomach .50 100 .87(90) 1 

* calf .49 100 .85(87) 2 

* tongue .48 100 .88(90) 1 

* blind .47 96(100) .82(84) 4 (5) 

* scent .47 88(92) .75(77) 8 

* ninth .43 100 .84(85) 4 

* echo .42 100 .85 3 

* prove .41 92(96) .78(79) 7 (6) 

* lose .40 80 .66(67) 14(13) 

(table continues) 
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ITEM DIFFICULTY DISCRIM % BISERIALr ITEM MCI 

* rhythm .40 96(100} .84(86} 13(2} 

* chorus .40 100(96} .86(84} 2 (3) 

* anchor .39 92 .84(85} 3 

*mechanic .37 92 .77(76} 7 

* wounded .36 92 .81(80} 5(4} 

* dough .35 100 .83(81} 3 

* react .35 88(84} .72(70} 10 

* guitar .34 100 .83(82} 3 (2) 

pint .33 68 .59 17 

* recipe .33 96 .83(81} 2 

sweat .32 68 .65 13 

whom .29 52 .57 18 

* drought .29 80 .74(73} 7(5} 

* veins .28 80 .73(70} 7 

tomb .28 76 .68 10 

* ache .24 84(80} .77 (71) 1(2} 

yacht .22 64 .64 9 

aisle .22 68 .72 3 

rely .21 56 .62 9 

vague .20 68 .70 3 

depot .16 52 .60 7 

suede .15 52 .63 4 

trough .15 48 .54 11 

deny .14 48 .57 8 

bouquet .13 44 .59 4 

(table continues) 



ITEM DIFFICULTY 

bough .12 

chauffeur .12 

ukelele .12 

fiance .07 

50 Items: 
KR20: 0.98 
Student MCI Mean: 10 
Item MCI Mean: 6 

Student Total Mean: 18.54 
SO: 16.28 
SEM: 2.24 

Student Raw % Mean: 37.09 
SO: 32.56 
SEM: 4.48 

Where: 

OISCRIM % BISERIALr ITEM MCI 

28 .46 

40 .56 

36 .49 

24 .44 

33 Items: 
KR20: 0.98 
Student MCI Mean: 11 
Item MCI Mean: 4 

15 

5 

12 

5 

Student Total Mean: 15.33 
SO: 12.58 
SEM: 1.73 

Student Raw % Mean: 46.44 
SO: 38.12 
SEM: 5.24 
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1. An asterisk denotes that the item was included in the 
analysis of test correlations (33 items). 

2. Figures in parentheses denote the change that occurred 
when the 33 items to be included in test correlations 
were analyzed without the 17 rejected items. 
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deviation of 16.28 and an SEM of 2.24. Student raw percent 

mean was 37.09 and had a standard deviation of 32.56 and a 

standard error of measurement of 4.48. The reported internal 

consistency of .98 was the highest of all six tests analyzed 

in this research. 

Some of the items were eliminated from subsequent 

analyses on the basis of being too difficult and with the 

intent of increasing the student raw percent mean to a 

comparable level with the other tests. Items with difficulty 

indices of .24 or above that had discrimination indices of 

.80 or higher were retained. consequently, 17 items were 

rejected. Item analyses were conducted on the 33 remaining 

items. The selected items are indicated by asterisks in 

Table 4.2 and results of the analyses reported in 

parentheses. The absence of a number in parentheses again 

indicates that the datum did not change between analyses. 

Analyses of the Selected 33 Items 

Of the 33 items, 18 have a difficulty index between .40 

and .60 with 5 falling in the .63 to .74 range. The other 10 

items have indices that fall in the .24 to .39 range. The 

test has very high discrimination potential with 25 of the 

items evidencing a discrimination index of .92 or above and 

a point biserial of .74 or higher. The remaining eight items 
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have difficulty indices of .80 or above and point biserial 

coefficients in the .65 to .73 range. 

Item MCI has a range of 1 to 14 and the low mean of 4. 

The student MCI is 11 .. The student total mean for 33 items 

is 15.33 with a standard deviation of 12.58 and an SEM of 

1.73. In terms of student raw percent data, the test had a 

mean of 46.44 with a standard deviation of 38.12 and a 

standard error of measurement of 5.24. The reliability 

coefficient remained at .98. 

DST Receptive (Rebus) Tests 

Phonologic Rebus 

Table 4.3 reports data from the final analyses for 

Phonologic Rebus. The test evidenced an internal 

consistency coefficient of .94, a student MCI mean of 24 and 

an item MCI mean of 12. All item MCls ranged from 3 to 23. 

For the 27 item test, the student total mean was 13.87 with 

a standard deviation of 8.22 and an SEM of 2.00. The student 

raw percent mean was 51.37 and had a standard deviation of 

30.43 and a standard error of measurement of 7.39. 

Item difficulty ranged from .28 to .78 with the median 

of the index being .53 and with .51 being the mean. sixteen 

of the items' difficulty indices were between .40 and .60, 

six were between .62 and .78, and the other five were in the 
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Table 4.3 

Breakdown (by Difficulty) of Item Difficulty. Discrimination 

Index. Point Biserial. and MCI For Phonologic Rebus. 

ITEM DIFFICULTY DISCRIM % BIS r ITEM MCI 

1 .78 60 .58 11 

12 .71 60 .59 14 

13 .68 68 .63 11 

27 .63 68 .58 15 

2 .62 80 .64 12 

14 .62 80 .64 12 

30 .61 84 .65 12 

3 .57 80 .61 14 

7 .57 52 .46 23 

22 .55 76. .61 14 

23 .54 92 .72 7 

6 .54 80 .61 14 

29 .54 80 .64 12 

11 .52 84 .71 8 

4 .52 60 .50 21 

10 .50 88 .66 11 

17 .50 92 .70 8 

9 .49 96 .79 3 

28 .49 92 .62 13 

(table continues) 



ITEM DIFFICULTY DISCRIM 

18 .43 

24 .42 

15 .40 

16 .37 

25 .34 

20 .34 

26 .29 

19 .28 

KR20: 0.94 
Student MCI Mean: 24 
Item MCI Mean: 12 

Student Total Mean: 13.87 
SD: 8.22 
SEM: 2.00 

Student Raw % Mean: 51.37 
SD: 30.43 
SEM: 7.39 

92 

84 

72 

84 

80 

60 

80 

60 

% BIS r ITEM MCI 

.69 9 

.65 11 

.59 15 

.68 9 

.71 6 

.• 51 19 

.70 6 

.50 18 

Note: Items 5, 8, and 21 are excluded due to rejection in 
the previous analysis 

123 
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.28 to .37 range. Seventeen items had discrimination indices 

of .80 or above and point biserial coefficients of .60 or 

higher. For all but one of the remaining items, .60 was the 

lowest discrimination index and all biserial coefficients 

were above .50. The outlier had a discrimination index of 

.52 and point biserial of .46. 

orthographic Rebus 

Data for the 24 items forming the Orthographic Rebus 

test are reported in Table 4.4. This test has the most 

homogeneous item difficulty among all the six tests 

analyzed. Seventeen of the 24 items have difficulty indices 

that fall into the .40 to .60 range. Indices for the 

remaining seven items fall either between .61 and .65 or .32 

and .39. 

The median of the difficulty index is .49 with .50 as 

the mean. All but three items have discrimination indices of 

.60 or above. The three that fall below have indices of .56, 

.52, and .48. All items have point biserial coefficients of 

.44 or above. 

The student MCI mean is the highest of all the tests 

but, at 30, does not fall above the chosen criterion. Item 

MCI mean is 18 with a range of 7 to 23. Student total mean 



125 

Table 4.4 

Breakdown (by Difficulty) of Item Difficulty. Discrimination 

Index. Point Biserial. and MCI For Orthographic Rebus. 

ITEM DIFFICULTY DISCRIM % BISERIALr ITEM MCI 

18 .71 40 .39 28 

1 .65 36 .38 29 

20 .65 64 .54 19 

13 .63 76 .65 13 

2 .62 76 .60 15 

4 .61 64 .54 19 

9 .60 68 .56 17 

24 .60 88 .73 7 

5 .58 48 .45 24 

22 .58 64 .54 18 

21 .54 52 .45 23 

23 .52 64 .50 21 

14 .50 80 .59 15 

15 .49 60 .51 19 

19 .49 76 .55 17 

25 .49 72 .59 14 

16 .48 60 .47 22 

12 .48 72 .61 14 

26 .47 64 .49 20 

6 .47 60 .44 23 

3 .46 80 .61 13 

10 .45 56 .46 22 

(table continues) 



ITEM DIFFICULTY OISCRIM 

8 .39 

17 .35 

11 .32 

7 .32 

KR20: 0.90 
Student MCI Mean: 32 
Item MCI Mean: 18 

Student Total Mean: 13.41 
so: 6.73 
SEM: 2.16 

student Raw % Mean: 51.59 
so: 25.89 
SEM: 8.10 

72 

64 

60 

64 

126 

% BISERIALr ITEM MCI 

.52 17 

.56 13 

.46 18 

.54 13 
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is 13.41 with a standard deviation of 6.73 and an SEM of 

2.16. The student raw percent mean was 51.59 and had a 

standard deviation of 25.89. The standard error of 

measurement of 8.10 was the highest of all the six tests and 

the internal reliability coefficient of .90 was the lowest 

of all. 

DST Expressive (Spelling) Tests 

Spelling of Sounds 

Although only 16 of the 36 items fall into the desired 

.40 to .60 difficultly range, another 11 items have indices 

ranging from .35 to .39 (see Table 4.5). All items have 

difficulty indices between .27 and .69 and discrimination 

indices of .64 or above. Twenty-four of the items have 

discrimination indices of .80 or above. All but four point 

biserial coefficients are .60 or higher. The four that are 

below .60 fall into the .54 to .58 range. 

Item MCI mean is 12 with a range from 6 to 19, and the 

student MCI mean is 27. Student total mean is 14.73 with 

11.73 being the standard deviation of student total mean and 

2.18 being its standard error of measurement. Student raw 

percent mean was 40.91, the standard deviation 32.60 and the 

standard error of measurement 6.06. The KR20 yielded an 

internal consistency coefficient of .97. 
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Table 4.5 

Breakdown (by Difficulty) of Item Difficulty. Discrimination 

Index. Point Biserial. and MCI For Spelling of Sounds. 

ITEM DIFF DISC % BIS r ITM MCI 

14 und .69 68 .54 15 

25 pont .59 88 .62 13 

17 fut .54 92 .73 7 

6 danter .53 80 .62 14 

19 stram .51 92 .70 10 

3 spong .48 88 .74 8 

28 slikter .47 68 .57 18 

18 gormite .46 84 .66 12 

8 tromlee .46 96 .72 9 

30 unhimp .45 96 .78 6 

32 spag .45 96 .77 6 

21 bontrie .45 88 .67 12 

35 bafmot .43 92 .71 9 

15 cruplind .43 84 .66 12 

11 chendag .42 96 .78 6 

9 hanged .42 96 .77 6 

26 bishing .41 76 .67 12 

13 spland .41 88 .71 10 

29lemstine .39 88 .65 14 

33 balfime. .39 72 .58 18 

10 dinute .39 80 .63 15 

(table continues) 



ITEM OIFF 

27 shipolk .38 

4 oadee .37 

23 briff .37 

7 smilcrit .35 

1 fen .35 

22plenlapers .35 

5 gacks .35 

24 trosled .35 

2 yow .34 

34 torsing .34 

20 spraich .30 

12 chadessy .29 

16 depnone .29 

36 gruchley .29 

31 fenstay .27 

KR20: 0.97 
Student MCI Mean: 27 
Item MCI Mean: 12 

Student Total Mean: 14.73 
SO: 11. 73 
SEM: 2.18 

Student Raw % Mean: 40.91 
SO: 32.60 
SEM: 6.06 
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DISC % BIS r ITM MCI 

88 .75 8 

80 .66 13 

80 .63 14 

72 .65 14 

64 .60 16 

88 .77 7 

76 .68 12 

84 .76 7 

80 .60 16 

68 .56 19 

80 .67 12 

72 .62 15 

72 .64 14 

76 .65 13 

72 .71 8 
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Spelling of Words 

Table 4.6 displays the data obtained from the final 

analyses of the Spelling of Words test. The internal 

consistency coefficient of .98 was the highest and equalled 

that from 50 Exception Words. Student Mel mean was 18 and 

the item MCl mean was 6 with a range of 2 to 14. The student 

total mean was 15.42 with a standard deviation of 13.38 and 

an SEM of 1.90. Student raw percent mean was 42.84 and had a 

standard deviation of 37.18 and a standard error of 

measurement of 5.28. 

Twenty-three of the 36 items had difficulty indices in 

the .40 to .60 range. No item had a higher index than .72 

and none had a lower index than .24. Both the median and 

mean of the item difficulty index were .43. Twenty-five of 

the items had discrimination indices of .92 or above. All 

others had indices of .80 or higher, except one whose index 

was .76. All point biserial coefficients were .68 or higher. 

Results of Construct-Related Validation 

Statistical Analyses 

Construct-related validation of the DST was examined 

through discriminant and convergent validity. The 

reliability coefficients were obtained by item analysis of 

the data from 92 individuals and has been described'in the 

previous section. Correlation coefficients between the tests 
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Table 4.6: 

Breakdown (by Difficulty> of Item Difficulty. Discrimination 

Index. Point Biserial. and MCI For Spelling of Words. 

ITEM DIFF DISC % BIS r ITM Mel 

5 corne .72 96 .68 2 

11 some .66 100· .74 2 

30 little .52 100 .76 6 

1 who .52 100 .80 4 

32 people .50 96 .76 7 

36 water .50 100 .79 5 

13 want .48 84 .69 11 

17 shoe .48 96 .81 4 

15 half .48 96 .83 3 

19 girls .48 92 .76 7 

14 said .47 92 .78 6 

8 very .47 92 .68 12 

34 because .46 88 .65 13 

10 once .45 96 .79 6 

21 island .43 96 .82 4 

16 dead .43 88 .72 10 

22 world .43 96 .78 6 

18 friends .43 96 .76 8 

6 many .43 100 .81 5 

28 money .43 92 .79 6 

2 true .42 96 .83 4 

(table continues) 



ITEM OIFF 

35 walked .42 

12 blood .41 

29 should .41 

26 front .41 

27 catch .38 

4 colors .37 

24 young .37 

3 warm .37 

20 watch .34 

7 comb .32 

23 trouble .30 

33 thought .29 

9 touch .29 

25 again .28 

31 enough .24 

KR20: 0.98 
Student MCl Mean: 18 
Item MCI Mean: 6 

Student Total Mean: 15.42 
SO: 13.38 
SEM: 1.90 

Student Raw % Mean: 42.84 
SO: 37.18 
SEM: 5.28 
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OISC % BIS r ITM MCI 

96 .85 3 

100 .84 3 

- 96 .77 7 

80 .66 14 

100 .82 4 

96 .82 4 

100 .78 7 

88 .76 8 

84 .79 5 

84 .77 6 

96 .81 4 

84 .75 7 

80 .69 10 

84 .68 11 

76 .74 4 



are reported using the multitrait-multimethod matrix 

(Campbell & Fiske, 1959) in Table 4.7. In addition to 

attained correlations, the expected correlations (high, 

medium, or low) are reported in parentheses. 
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Although some high, moderate, and low correlations were 

expected, the differentiation between resulting coefficients 

was limited. All correlation coefficients were significant 

at the p=.OOOl level. within the phonologic trait 

multimethod correlations (P1/P2, P1/03, P2/P3), the 

coefficient between the decoding and encoding of 

phonetically regular nonsense words was high (.83). The 

coefficients of Phonologic Rebus with nonsense word decoding 

(Word Attack) and encoding (Spelling of Sounds) were lower 

(.71 and .67 respectively). The pattern suggests that 

Phonologic Rebus is measuring either a slightly different 

or, perhaps, a more basic ability. 

Examination of the orthographic trait multimethod 

correlations (01/02, 01/03, 02/03) showed evidence of a 

similar pattern. The correlation between the decoding and 

encoding of phonetically irregular words was high (.93). 

Correlation coefficients between the orthographic- Rebus test 

and the decoding and encoding of phonetically irregular 

words tasks, however, were lower. The correlation 
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Table 4.7 

Multitrait-Multimethod Correlation Matrix of Phonologic and 

Orthographic Processing Abilities Measured by Three 

Different Methods 

Phonologic orthographic 
WA PR SS EW OR SW 

WA .94 .71 .83 .83 .68 .80 
(H) (H) (M) (L) (L) 

Phono PR .94 .67 .60 .55 .55 
(H) (L) (M) (L) 

SS .97 .74 .62 .72 
(L) (L) (M) 

EW .98 .63 .93 
(H) (H) 

Ortho OR .90 .65 
(H) 

SW .98 

Where: 

WA 
PR 

SS 

EW 
OR 

SW 

= 
= 

= 

= 
= 

= 

Word Attack (phonologic criterion measure) 
Phonologic Rebus (phonologic receptive experimental 
measure) 
Spelling of Sounds (phonologic expressive experimental 
measure) 

50 Exception Words (orthographic criterion measure) 
Orthographic Rebus (orthographic receptive experimental 
measure) 
Spelling of Words (orthographic expressive experimental 
measure) 

(H), (M), (L) = predicted correlations 
H = High correlation (above .65) 
M = Medium correlation (.50 - .65) 
L = Low correlation (below .50) 
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coefficient of Orthographic Rebus with the decoding task 

(50 Exception Words) was .62 and that with the encoding task 

(Spelling of Sounds) was .63. All orthographic tests, 

therefore, appear to measure the same construct but 

Orthographic Rebus may measure either a slightly different 

or more basic skill. 

The multitrait monomethod correlation coefficients 

(P1/01, P2/02, P3/03) were slightly higher than expected. 

The correlation between the decoding of phonetically regular 

and irregular words was .83 and that between the encoding of 

phonetically regular and irregular words was .72. The 

coefficient of the two rebus tasks (.55), however, was lower 

and more in line with the expected correlation. 

The correlations for multitrait multimethod comparisons 

(e.g., P1/02, P3, 01) were all larger than expected and 

ranged from .80 for Spelling of Words and Word Attack to .56 

for Spelling of Words with Phonologic Rebus. strong evidence 

existed, therefore, for convergent validity. Figure 6 

illustrates the acquired strong convergent validity as 

supported through factor analysis. Only one factor emerged 

(Eigenvalue of 4.2589) and explained 71% of the variance. 

The existence of only one factor would suggest that 

each test have a high correlation with the factor. This 
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Figure 6 

Factor Scree Plot Illustrating Evidence of Only One Factor 

Measured by the DST Instrument and criterion Tests 
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theory was confirmed through factor analysis. The 

correlation of each test to the factor is: Word Attack .94, 

Phonological Rebus .71, Spelling of Sounds .85, Exception 

Words .91, orthographic Rebus .72, and Spelling of Words 

.89. These correlations are tabulated in Table 4.8. 

The high correlation of test-to-factor would suggest 

that item-to-factor reliability computations would yield 

high correlations also. Subsequently, the coefficient alpha 

for item-to-factor was computed for each test. These results 

are presented also in Table 4.8. The reliability 

coefficients that resulted are: .90 for items within Word 

Attack, .68 for Phonologic Rebus items, .82 for the items 

from Spelling of Sounds, .89 for 50 Exception Words items, 

.70 for the items of orthographic Rebus, and .86 for 

Spelling of Words items. The alpha coefficient over all 

items from all tests was .92. 

To observe the effect of age on the factor measured, 

partial correlation coefficients were computed with age as 

the dependent factor (see Table 4.8). The resultant 

correlations were: .64 for Word Attack, .45 for 

Phonologic Rebus, .57 for Spelling of Sounds, .69 for 

50 Exception Words, .54 for orthographic Rebus, and .72 for 

Spelling of Words. 
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Table 4.8 

Correlations of Test-to-Factor, Item-to~Factor, and Test-to

Age 

Test/Factor Item/Factor Test/Age 

Correlation Correlation Correlation 

Word Attack 

.94 .90 .64 

Phonologic 

Rebus .71 .68 .45 

Spelling 

of Sounds .85 .82 .57 

Exception 

Words .91 .89 .69 

Orthographic 

Rebus .72 .70 .54 

Spelling 

of Words .89 .86 .72 

All Items .92 
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Practical Case Analyses 

To examine intraindividual differences, three analyses 

were conducted: (a) phonologic ability was compared to 

orthographic skill (Pl+P2+P3/01+02+03), (b) Phonologic Rebus 

was compared to Orthographic Rebus (P2/02), and (c) decoding 

was compared to encoding ability (P1+01/P3+03). In addition, 

a comparison of the dyslexia subtype identified by the two 

ways (P by 0 and P2 by 02) was made. For all the analyses, 

scores from tests were converted into percent of items 

correct and the mean percent of different combinations of 

tests compared. 

Phonologic/Orthographic Dyslexia 

The first two analyses were conducted as two different 

dyslexia subtyping methods. Both, therefore, provide 

information in regard to individual strengths and weaknesses 

with phonologic and orthographic processing. 

All data are recorded by volunteer identification 

number (ID) and age (A). In Table 4.9, the mean percent 

correct of phonologic tests is recorded in the column 

labeled P% and that of orthographic tests in the column 

labeled 0%. In the second analysis, the results of which are 

presented in Table 4.10, the mean percent correct of 

Phonologic Rebus is recorded in the column labeled PR and 

that of the orthographic Rebus in the column labeled OR. In 
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both analyses, the difference between the two 

percentages. is then recorded (D) followed by the direction 

of the difference (+-). Lastly, the dyslexia subtype is 

noted. 

The dyslexia subtype is identified as a significant 

intra individual discrepancy. The standard error of a 

difference is approximately 1 1/2 times the standard error 

of measurement. Because 2 standard errors of difference is 

used to indicate significance at the .05 level, the 

criterion of 3 SEMs was chosen to indicate a significant 

intraindividual difference. For both analyses, the largest 

SEM was used (8.10 for Orthographic Rebus) and, therefore, a 

difference of 24 points was the criterion. 

Subsequently, an individual labeled as having 

Phonologic Dyslexia (P) evidenced a phonologic percent score 

that was 24 points or more higher than his or her 

orthographic percent score. Similarly, an orthographic 

percent score of 24 or more higher than phonologic percent 

score was labeled as Orthographic Dyslexia (0). 

Even by conservative estimates, individuals decoding at 

less than 70% correct are experiencing frustration (Powell, 

1970; Powell & Dunkeld, 1971). Individuals who scored below 

70% in both phonologic and orthographic skill, therefore, 

were labeled as having phon%rtho Dyslexia (PO). Some 
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individuals could be identified as having a subtype of 

dyslexia (e.g., orthographic dyslexia) but be low also in 

the other skill (e.g., phonologic). These individuals were 

labeled PO but with the area of significant problem 

represented by a capital letter while the area of lesser 

difficulty is written in lower case. For example, an 

individual with the subtype of pO has difficulty in both 

phonologic and orthographic processing but orthographic 

skill is significantly lower. 

In addition to individuals identified as having 

dyslexia, some individuals are identified as probably in 

need of additional support and/or educational accommodations 

(represented by * in the tables). For the purposes of the 

current research, individuals are placed in this category if 

skill in both phonologic and orthographic processing fall in 

the 70 to low 80s percent range. Although some experts in 

the field of reading suggest that individuals experiencing a 

decoding success rate of below 90% glean little meaning from 

the text (Johnson & Kress, 1965; Woods & Moe, 1995), others 

suggest a more conservative criteria (Powell, 1970; Powell & 

Dunkeld, 1971). The 70 to low 80s criteria was chosen, 

therefore, to practice practical conservatism. 

P1+P2+P3 by 01+02+03. Table 4.9 presents the results of 
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Table 4.9 

The Difference (and Direction of Difference) within 

Individuals Between Percentage Correct on Phonologic and 

Orthographic Tasks, and the Subtype of Dyslexia Evidenced by 

the Discrepancy 

ID A P% 0% D +- DS ID A P% 0% D +- DS 

58 06 09 03 06 + PO 07 11 72 86 14 - * 
10 06 00 00 00 PO 03 11 39 34 05 + PO 

28 06 45 23 22 + pO 27 11 76 75 01 + * 
35 06 72 24 54 + 0 74 11 77 68 09 + * 
12 06 00 02 02 - PO 34 11 58 73 15 - PO 

55 07 11 04 07 + PO 89 12 70 67 03 + PO 

20 07 26 06 20 + pO 80 12 50 61 11 - PO 

56 07 09 03 06 + PO 82 12 77 44 33 + 0 

18 07 07 03 04 + PO 83 12 63 21 42 + pO 

21 07 01 03 02 - PO 37 12 47 34 13 + PO 

54 08 25 21 04 + PO 67 12 33 00 33 + pO 

23 08 78 83 05 - * 09 12 71 80 09 - * 
59 08 24 20 04 + PO 77 12 42 32 10 + PO 

01 08 32 26 06 + PO 11 12 07 16 09 - PO 

32 08 01 15 14 - PO 78 12 24 46 22 - Po 

29 08 08 29 21 - Po 75 12 58 53 05 + PO 

25 08 07 05 02 + PO 86 13 63 74 11 - PO 

24 09 78 45 33 + 0 81 13 40 7S 3S - P 

(table continues) 
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ID A P% 0% 0 +- OS ID A P% 0% 0 +- OS 

73 09 66 40 26 + pO 90 13 42 42 00 PO 

17 09 30 24 06 + PO 84 13 42 40 02 + PO 

08 09 49 53 04 - PO 91 13 72 95 23 - P 
. -

57 09 00 00 00 PO 13 13 67 61 06 + PO 

16 09 12 09 03 + PO 14 13 26 69 43 - Po 

65 09 34 40 06 - PO 06 13 87 96 11 -
64 10 13 10 03 + PO 04 13 67 76 09 - * 
63 10 18 10 08 + PO 53 13 74 39 35 + 0 

72 10 44 37 07 + PO 44 13 51 75 24 - P 

66 10 56 24 32 + pO 02 13 62 62 00 PO 

38 10 13 48 35 - Po 51 13 92 94 02 -
60 10 31 16 15 + PO 48 14 93 97 04 -
68 10 36 26 10 + PO 85 14 65 81 16 - * 
69 10 31 34 03 - PO 45 14 68 85 17 - * 
70 10 20 52 32 - Po 87 14 37 10 27 + .pO 

36 10 90 55 35 + 0 88 14 74 86 12 - * 
62 10 19 25 06 - PO 40 14 63 90 27 - P 

33 10 06 05 01 + PO 39 14 83 85 02 -
30 10 00 03 03 - PO 76 14 50 70 20 - P 

31 10 42 55 13 - PO 79 14 43 82 39 - P 

92 10 28 28 00 PO 41 15 93 85 08 + 

22 11 26 48 24 - Po 49 15 85 91 06 -
26 11 11 29 18 - PO 47 15 75 87 12 - * 
71 II 29 14 15 + PO 52 16 81 92 11 -
19 II 96 72 24 + 0 42 17 92 79 13 + 

(table continues) 
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ID A P% 0% D +- DS ID A P% 0% D +- DS 

15 11 64- 69 05 - PO 43 17 

05 11 63 53 10 + PO 50 17 

61 11 04 01 03 + PO 46 18 

Where: 
ID = Identification number of volunteer 
A = Age of volunteer 

71 96 

76 89 

97 93 

P% = Percentage correct of phonologic tests 
0% = Percentage correct of orthographic tests 
D = The difference between P% and 0% 
+- = The direction of the P%-O% difference 

25 

13 

04 

DS = Dyslexia subtype (as described in the text) 

- P 

- ... 

+ 

* = both phonologic and orthographic skills in 70s to low 
80s 
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this analysis where the mean percent of all three phonologic 

tests was compared to that for the three orthographic tests. 

Using the above criteria, 46 individuals were identified 

with phon%rtho dyslexia (PO), 6 had phon%rtho dyslexia 

with a significant weakness in phonology (Po) and 7 had 

phon%rtho dyslexia with a significant weakness in 

orthography (pO). Eight individuals had II pure II phonologic 

dyslexia and 6 evidenced IIpure ll orthographic dyslexia. 

Although not labeled as having dyslexia, another 11 

individuals (*) were identified as probably requiring 

additional educational support or accommodations. Ten of 

these individuals identified as needing extra support were 

in the age range of 11 to 17 years. The remaining one was 8 

years old. Because all but one of the individuals are older, 

therefore, they may have dyslexia and have received 

additional support services previously. 

P2 by 02. For this analysis, the results of which are 

reported in Table 4.10, data from Phonologic Rebus (PR) and 

Orthographic Rebus (OR) were converted into percentages and 

the difference noted. The dyslexia subtype identified by the 

procedure is recorded for each individual. Subtype criteria 

are identical to those discussed in the previous analysis. 

This current procedure identified 39 individuals with 

phon%rtho dyslexia (PO), 9 with phon%rtho dyslexia with 
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Table 4.10 

The Difference (and Direction of the Difference) within 

Individuals Between Percentage Correct on Phonological Rebus 

(PR) and Orthographic Rebus (OR)« and the Subtype of 

Dyslexia Evidenced by the Difference 

ID A PR OR D +- DS ID A PR OR D +- DS 

58 06 26 08 18 PO 07 11 44 63 19 - PO 

10 06 00 00 00 PO 03 11 67 58 09 + PO 

28 (>6 52 29 23 + pO 27 11 93 67 26 + 0 

35 06 8L 71 10 + '" 74 11 93 83 10 + 

12 06 00 00 00 PO 34 11 52 50 02 + PO 

55 07 26 13 13 + PO 89 12 93 79 14 + 

20 07 52 21 31 + pO 80 12 44 42 02 + PO 

56 07 26 08 18 + PO 82 12 74 50 24 + 0 

18 07 22 08 14 PO 83 12 93 42 51 + 0 

21 07 04 08 04 - PO 37 12 56 58 02 - PO 

54 08 59 63 04 + PO 67 12 59 00 59 + Po 

23 08 89 79 10 + 09 12 85 50 35 + 0 

59 08 22 46 24 - Po 77 12 30 67 37 - Po 

01 08 19 50 31 - Po 11 12 00 25 25 - Po 

32 08 00 46 46 - Po 78 12 33 42 09 - PO 

29 08 07 21 14 - PO 75 12 74 42 32 + P 

25 08 22 08 14 + PO 86 13 67 67 00 PO 

24 09 78 50 28 + 0 81 13 56 58 02 - PO 

(table continues) 
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ID A PR OR D +- DS ID A PR OR D +- DS 

73 09 85 71 14 + >I< 90 13 78 71 07 + >I< 

17 09 26 58 32 - Po 84 13 15 25 10 - PO 

08 09 67 71 04 - PO 91 13 93 88 05 + 

57 09 00 00 00 PO 13 13 96 46 50 + 0 

16 09 37 25 12 + PO 14 13 37 92 55 - P 

65 09 41 75 34 - P 06 13 81 88 07 -
64 10 15 13 02 + PO 04 13 48 63 15 - PO 

63 10 33 04 29 + pO 53 13 85 33 52 + 0 

72 10 37 88 51 - P 44 13 33 63 30 - Po 

66 10 56 46 10 + PO 02 13 44 79 35 - P 

38 10 00 83 83 - P 51 13 96 83 13 + 

60 10 52 46 06 + PO 48 14 96 92 04 + 

68 10 52 46 06 + PO 85 14 59 54 05 + PO 

69 10 56 42 14 + PO 45 14 59 63 04 - PO 

70 10 19 67 48 . - Po 87 14 85 25 60 + P 

36 10 93 66 24 + 0 88 14 74 71 03 + >I< 

62 10 26 71 45 - P 40 14 41 88 47 - P 

33 10 07 13 06 - PO 39 14 93 67 23 + 0 

30 10 00 08 08 - PO 76 14 81 75 06 + >I< 

31 10 63 50 13 + PO 79 14 52 79 27 - P 

92 10 44 33 11 + PO 41 15 89 79 10 + 

22 11 26 29 03 - PO 49 15 96 83 13 + 

26 11 00 29 29 - Po 47 15 56 71 15 - PO 

71 11 26 21 05 + PO 52 16 63 79 16 - >I< 

19 11 99 79 21 + 0 42 17 89 38 51 + 0 

(table continues) 
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ID A PR OR D +- DS ID A PR OR D +- DS 

15 11 81' 46 25 + 0 43 17 

05 11 48 58 10 - PO 50 17 

61 11 00 04 04 - PO 46 18 

Where: ' 
ID = Identification number of volunteer 
A = Age of volunteer 

63 88 

44 79 

93 79 

P% = Percentage correct of phonologic tests 
0% = Percentage correct of orthographic tests 
D = The difference between P% and 0% 
+- = The direction of the P%-O% difference 
DS = Dyslexia subtype as described in the text 

25 - P 

35 - P 

14 + 

* = both phonologic and orthographic skills in the 70s to 
low 80s 
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a significant weakness with phonology and 3 with phon%rtho 

dyslexia with a significant weakness in orthography. Twelve 

individuals were identified as having pure phonologic 

dyslexia and another 12 as having pure orthographic 

dyslexia. 

In addition, six individuals who were not identified as 

having dyslexia were recognized as requiring some additional 

help or accommodations with decoding and/or encoding. These 

individuals ranged from 6 to 16 years old. Previous support 

does not appear, therefore, to affect this ability greatly. 

Comparison of the Two Methods. 

The results of the two-method comparison are recorded 

in Table 4.11. The first column following those recording 

volunteer identification number and age represents the 

dyslexia subtype identified when the percentage mean of the 

three phonologic tests was compared to the percentage mean 

of the three orthographic ones (P1+P2+P3 by 01+02+03). The 

next column represents the dyslexia subtype identified when 

only the two rebus tests were analyzed (P2 by 02). 

Forty-three of the 92 volunteers were identified as 

having phon%rtho dyslexia by both methods. six were 

identified as having orthographic dyslexia by both methods 

and six as having phonologic dyslexia. Another six were 
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Table 4.11 

A Comparison of the Dyslexia Subtype Identified by 

Information From All six Tests (P/0123) with that Identified 

by the Rebus Tests Only (P2/02) 

ID Age P0123 P2/02 ID Age P0123 P2/02 
12 06 Pia Pia 34 11 Pia Pia 
10 06 Pia PIa 26 11 PIa Plo 
28 06 pIa pIa 27 11 * a 
35 06 a * 19 11 a a 
58 06 Pia PIa 22 11 Plo Pia 
20 07 pia pia 83 12 pia a 
18 07 Pia PIa 80 12 Pia Pia 
21 07 PIa PIa 89 12 PIa 
55 07 Pia Pia 82 12 a a 
56 07 Pia PIa 77 12 PIa Plo 
25 08 Pia PIa 75 12 PIa P 

23 08 * 09 12 * a 
59 08 Pia Plo 78 12 Plo Pia 
29 08 Plo Pia 67 12 pIa Plo 
01 08 Pia Plo 11 12 PIa Plo 
32 08 Pia Plo 37 12 Pia Pia 
54 08 Pia PIa 84 13 Pia PI9 
24 09 a a 81 13 P Pia 
73 09 pia * 91 13 P 

57 09 Pia Pia 14 13 Plo P 

(table continues) 
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ID Age P0123 P2/02 ID Age P0123 P2/02 
65 09" PIa P 90 13 PIa * 
16 09 PIa PIa 13 13 PIa a 
17 09 PIa Plo 06 13 

08 09 PIa PIa 53 13 0 a 
38 10 Plo P 04 13 * PIa 
66 10 pIa PIa 44 13 P Plo 
68 10 PIa PIa 02 13 PIa P 

36 10 a a 51 13 

92 10 PIa PIa 86 13 PIa PIa 
70 10 Plo Plo 88 14 * * 
72 10 PIa P 48 14 

69 10 PIa PIa 87 14 pIa P 

33 10 PIa PIa 79 14 P P 

62 10 PIa P 85 14 * PIa 
63 10 PIa 76 14 P * 
64 10 PIa PIa 40 14 P P 

30 10 PIa PIa 39 14 a 
60 10 PIa PIa 45 14 * PIa 
31 10 PIa PIa 47 15 * PIa 
07 11 * PIa 41 15 

71 11 PIa PIa 49 15 

05 11 PIa PIa 52 16 * 
61 11 PIa PIa 42 17 a 
03 11 PIa PIa 50 17 * P 

"74 11 * 43 17 P P 

15 11 PIa a 46 18 



recognized as having no significant decoding or e· coding 

difficulties currently and one other as needing some 

educational help or accommodations. 
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Ten of the remaining volunteers were identified on one 

method as having phon%rtho dyslexia while being identified 

on the other method as having one of the pure dyslexias. 

Eleven individuals were identified as having dyslexia on one 

method while being recognized as an individual who needed 

help on the other. Only 5 of 92 volunteers were identified 

as having dyslexia on one method while not being recognized 

as having any weaknesses on the other. 

Analysis of data from 5 and 6 year olds indicates that 

each method is equal in identification of dyslexia. Seven of 

the 10 in this age group were identified on both tests as 

having phon%rtho dyslexia (PO). Two were identified by 

both methods as having phon%rtho dyslexia with significant 

weaknesses in orthography (pO). Results from intraindividual 

analysis differed only for one individual in this age group. 

The individual was identified by the battery of tests as 

having orthographic dyslexia but only identified as needing 

some help when the 'rebus tests were used alone. 

Decoding/Encoding subtyping 

Lastly, scores were examined to determine if some 

individuals evidenced intraindividual disc~epancies between 
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their attained scores in decoding (D) and encoding (E). The 

analysis, therefore, compared skill (decoding and encoding) 

across processes (phonologic and orthographic). Results of 

the analysis are reported in Table 4.12. 

The first and second columns in the table represent the 

identification number and age of the volunteers. The mean 

percent correct on the decoding tasks (P1+01) is reported in 

the third column. Following the mean percent correct on the 

encoding tasks in the fourth column (P3+03) is the 

difference between decoding and encoding (D) 

and the direction of the difference (+-). These are reported 

in columns 5 and 6 respectively. Lastly, the 

dyslexia subtype is identified. 

Volunteers fall into one of four groups. The first 

group consists of individuals who experience difficulty with 

both decoding and encoding tasks (DE). Some have difficulty 

with both tasks but experience significantly more trouble 

with one. In these instances, the area of greatest 

difficulty is capitalized. The symbol De, therefore, 

represents an individual who experiences difficulty with 

both decoding and encoding tasks but who has significantly 

greater difficulty with decoding. 

The remaining three groups represent individuals who 

experience difficulty only with decoding (D), or encoding 
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Table 4.12 

The Difference (and Direction of the Difference) Within 

Individuals Between Percentage Correct on Decoding and 

Encoding Tasks. and the Subtype of Dyslexia Evidenced by the 

Discrepancy 

ID A D% E% D +- DS ID A D% E% D +- DS 

58 06 00 00 00 DE 07 11 88 95 07 -
10 06 00 00 00 DE 03 11 24 28 04 - DE 

28 06 31 31 00 DE 27 11 72 75 03 - III 

35 06 23 45 22 - De 74 11 69 61 08 + DE 

12 06 00 00 00 DE 34 11 76 71 05 + ... 

55 07 04 00 04 + DE 89 12 70 50 20 + E 

20 07 11 03 08 + DE 80 12 80 44 36 + E 

56 07 00 00 00 DE 82 12 76 45 31 + E 

18 07 00 00 00 DE 83 12 35 24 11 + DE 

21 07 00 00 00 DE 37 12 27 38 11 - DE 

54 08 09 00 09 + DE 67 12 09 11 02 - DE 

23 08 84 74 10 + ... 09 12 82 77 05 + ... 

59 08 20 13 07 + DE 77 12 35 27 08 + DE 

01 08 2S 28 05 - DE 11 12 16 06 10 + DE 

32 08 02 00 02 + DE 78 12 39 28 11 + DE 

29 08 12 30 18 - DE 75 12 60 49 11 + DE 

2S 08 02 02 00 DE 86 13 75 63 12 + DE 

(table continues) 
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ID A D% E% D +- DS ID A D% E% D +- DS 

24 09 57 65 08 - DE 81 13 68 53 15 + DE 

73 09 57 2S 22 + dE 90 13 27 25 02 + DE 

17 09 17 23 06 - DE 84 13 60 43 17 + DE 

08 09 40 45 05 - DE 91 13 88 72 16 + 
57 09 00 00 00 DE 13 13 60 61 01 DE 

16 09 00 01 01 - DE 14 13 42 36 06 + DE 

65 09 28 24 04 + DE 06 13 94 95 01 -
64 10 16 06 10 + DE 04 13 74 86 14 - • 
63 10 16 08 08 + DE 53 13 S2 59 07 - DE 

72 10 37 22 IS + DE 44 13 53 88 35 - D 

66 10 33 36 03 - DE 02 13 57 67 10 - DE 

38 10 27 24 03 + DE 51 13 96 9S 01 + 
60 10 10 13 03 - DE 48 14 98 93 OS + 
68 10 29 11 18 + DE 85 14 97 66 31 + E 

69 10 2S 2S 00 DE 45 14 82 86 04 -
70 10 38 28 10 + DE 87 14 12 OS 07 + DE 

36 10 91 66 2S + E 88 14 94 74 20 + E 

62 10 13 OS 08 + DE 40 14 80 85 05 -
33 10 02 05 03 - DE 39 14 85 88 03 -
30 10 00 00 00 DE 76 14 54 48 06 + DE 

31 10 61 29 32 + dE 79 14 70 53 17 + DE 

92 10 2S 21 04 + DE 41 15 92 92 00 

22 11 62 21 41 + dE 49 IS 86 92 06 -
26 11 19 27 08 - DE 47 15 91 90 01 + 
71 11 24 17 07 + DE 52 16 96 93 03 + 

(table continues) 
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ID A D% E% D +- DS 10 A D% E% D +- DS 

19 11 85- 81 04 + 42 17 

15 11 74 61 13 + DE 43 17 

OS 11 60 61 01 - DE SO 17 

~1 11 07 00 07 + DE 46 18 

Where: 
ID = Identification number of volunteer 
A = Age of volunteer 

98 96 

99 75 

95 92 

99 99 

P% = Percentage correct of phonologic tests 
0% = Percentage correct of orthographic tests 
D = The difference between P% and 0% 
+- = The direction of the P%-O% difference 
DS = Dyslexia subtype (as described in the text) 

02 + 

24 + E 

03 + 
00 

* = both phonologic and orthographic skills in 70s to low 
80s 



(E), or who may require additional educational support or 

accommodations with both (*). A difference percentage 

criterion of 22 was chosen. This represents 3 times the 

highest SEM of 7.45 from Word Attack. 
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As expected, most individuals evidence difficulties in 

both decoding and encoding; fifty-eight had a success rate 

of below 70% in both decoding and encoding tasks with no 

significant discrepancy between the skills. Another four 

volunteers had difficulty with both types of tasks but one 

had De and the other three evidenced greater difficulty with 

encoding (dE). Eight individuals had problems only in 

encoding and 1 only with decoding. sixteen individuals 

appeared proficient in both areas and the other six had been 

identified as requiring some additional educational support 

or accommodations. 

Data from Tables 4.11 and 4.12 combined can help 

specify an individual's area(s) of weakness. For example, 

individual #36 has orthographic dyslexia that affects 

encoding skill only. The individual evidences no weakness 

with decoding. Individual # 31 has phon%rtho dyslexia that 

affects both decoding and encoding' skill. His or her 

encoding ability, however, is significantly lower than 

decoding competence. Individual #79 shows evidence of a 



different weakness. The volunteer has been identified as 

having phonologic dyslexia that affects decoding and 

encoding equally. 
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CHAPTER FIVE 

SUMMARY AND DISCUSSION 

To know just what has to be done, then to do it; 
comprises the whole philosophy 

of practiced life. (Sir William Osler) 

The purpose of this chapter is to provide: (a) a 

summary of the test design and validation method, (b) a 
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summary and discussion of the results and their implications 

for the field of dyslexia, and (c) directions for future 

research and practice. 

Summary of the Research 

Restatement of the Problem 

Although many measures of phonologic processing are 

available currently (Stahl & Murray, 1994; Vellutino & 

Scanlon, 1991), no widely-acceptable measure of orthographic 

processing exists (Berk, 1984; Forness & Kavale, 1987; 

Kavale & Forness, 1984; Olson et al., 1994). Consequently, 

individuals with orthographic dyslexia may not be 

identified. Because effective instruction depends upon 

correct classification (Semrud-Clikeman, 1996; Shafrir & 

Siegel, 1994), individuals with orthographic dyslexia who 

have not been identified may experience academic failure 

(Mather & Roberts, 1995). 
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Restatement of the Purpose 

The major purpose of this research was to create an 

instrument (Cyslexia Subtyping Test [CST]) that subtypes 

dyslexia into three groups: phonologic, orthographic, and 

phon%rtho (mixed) dyslexia. In addition, the instrument 

was designed to address the disability across two domains: 

receptive or decoding tasks and expressive or encoding 

tasks. 

construction of· the CST 

Behold the turtle: he makes progress 
only when he sticks his neck out. (James B. Conant) 

Theoretical Model 

For over a century, practitioners have insisted that no 

single factor causes dyslexia (e.g., Fernald, 1943; 

Gjessing, 1953; Hinshelwood, 1917; Lyon, 1995b; Malmquist, 

1958; Mather & Kirk, 1985; Mather & Roberts, 1995; Monroe, 

1932; Morgan, 1896; Orton, 1925, 1937). Three major subtypes 

have been described historically under a variety of labels 

(e.g., Bakker, 1980, 1983, 1984, 1986, 1990, 1992; Boder, 

1970, 1971, 1973; Lyon et al., 1982). The labels used for 

current research purposes are phonologic dyslexia, 

orthographic dyslexia, and phon%rtho dyslexia. 

Individuals with phonologic dyslexia have difficulty 

manipulating and integrating English language sounds 

effectively. The problem leads to poor decoding and encoding 
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skills (Newby et al., 1993; Richardson, 1992). In written 

language, phonological processing problems are often 

identifiable by phonetically inaccurate misspellings, the 

irregularity of which can make words unintelligible (Boder, 

1973; Johnson, 1995; Mather & Roberts, 1995). 

Conversely, individuals with orthographic dyslexia have 

difficulty storing mental representations of phonetically 

irregular words (Boder, 1970, 1973; Morris et al., 1981; 

Newby et al., 1993; Willows, 1991) and often confuse 

similar-looking letters or words (Johnson, 1995; willows, 

1991). Individuals with orthographic dyslexia, therefore, 

read and spell words phonetically and produce misspellings 

that have good phonemic resemblance to the target words 

(Boder, 1973; Johnson, 1995; Willows, 1991). 

Individuals with phon%rtho dyslexia, the third 

subtype, display difficulties evident in both phonologic and 

orthographic dyslexia. The degree and severity of the 

difficulties in the two processes, however, can vary greatly 

from individual to individual. The theoretical model of the 

DST is based upon recognition and acceptance of these three 

major types of dyslexia. 

Test Description 

The DST is composed of four tests. Two of the tests 

(Phonologic Rebus and orthographic Rebus) were designed to 
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measure basic decoding ability, one in phonologic processing 

and the other in orthographic processing. The other tests 

(Spelling of Sounds and Spelling of Words) were designed to 

measure encoding ability in the two constructs. 

In addition to the DST, two criterion tests were 

administered to each volunteer. The Word Attack test from 

the WJ-R (Woodcock & Johnson, 1989, 1990) was used as the 

phonologic criterion and 50 Exception Words (Adams & 

Huggins, 1985) was the chosen orthographic criterion. Both 

criterion tests measure decoding abilities and have been 

documented as valid measures of phonologic and orthographic 

processing skills. 

Item Construction 

For each of the "4 DST tests, items were designed based 

upon an extensive review of literature and practice 

administration to 2 volunteers with dyslexia. Items were 

redesigned until the volunteers responded in a way 

anticipated by their decoding/encoding difficulty. Item 

review and rejection or retention was based upon item 

analyses conducted on 2 occasions. A full review of content

related validation is provided in the first section of 

Chapter 3. 

Sample 

Ninety-two volunteers with clinically~identified 
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decoding and/or encoding difficulties participated in the 

research. All attended one of two schools in Tucson, Arizona 

that serve individuals with learning disabilities. Prior to 

testing, parents or legal guardians of each volunteer signed 

a consent form. 

The sample comprised of 62 males and 30 females and was 

representative of the school population. The ages of the 

volunteers ranged from 6 years and 1 month to 18 years 3 

months. The mean age was 11 years 6 months. Figure 5 (p.106) 

depicts the frequency of individuals at each age level. 

Method 

Following initial design of the four tests, the battery 

and both criterion tests were administered to 36 

individuals. Analyses of items were conducted and items 

rejected, redesigned, or retained. 

The two tests containing revised items were 

readministered to the original sample and, subsequently, the 

revised edition of the full test battery was administered to 

an additional 17 SUbjects. Data from the 53 individuals from 

the two samples were analyzed and, based upon results, items 

were retained or rejected. Finally, the revised instrument 

was administered to an additional 39 individuals and 

analyses for construct validity were conducted on data 

gathered from all 92 volunteers. 



Summary and Discussion of Results 

Item Analyses 
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Many instruments designed for use with normal-reading 

populations are used, incorrectly, with clinical groups 

(Fletcher & Foorman, 1994; Tallal, 1988). This error is 

analogous to asking the wrong research question (Mather & 

Kirk, 1985; Mitroff & Featheringham, 1974) and would appear 

unjust for individuals with dyslexia. Consequently, the 

development of an instrument to be used with individuals 

experiencing decoding and/or encoding difficulties was an 

integral aspect of the current research and was achieved 

through its development for and with a clinical sample. 

All items forming the dissertation draft of the DST 

demonstrated high discrimination potential as evidenced by 

discrimination indices of .60 or above and point biserial 

coefficients of .50 or more. All item difficulty indices 

were between .25 and .75 with 75% falling into the .40 to 

.60 range. All item MCls fell below the criterion of 30 and 

all student MCI means fell at or below the same criterion. 

Each of the tests developed evidenced high internal 

consistency ranging from .90 (Orthographic Rebus) to .98 

(Spelling of Words). 

Evidence exists currently for the reliability and 

validity of the criterion tests (Word Attack and 50 
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Exception Words). Because of the clinical sample used in the 

current research, however, item analyses were performed also 

on these tests. Only the items that met the criteria for DST 

items were used in convergent-discriminant validity analyses 

(see Chapter 4 for a detailed description). 

Future Changes to the DST 

Prior to further administrations of the DST, some item 

changes will be made. These improvements are discussed 

below. 

Replacement of criterion Tests 

The incorporation of previously-proven reliable and 

valid tests of phonology and orthography was essential for 

the purpose of the current research. Future revisions of the 

DST, however, will replace Word Attack and 50 Exception 

Words with DST word-decoding tasks of similar constructions. 

These tasks are described below. 

Phonologic Decoding. The decoding of phonetically 

regular nonsense words test, called Linear Lingo Words, will 

comprise 24 items that represent ~ll major consonant 

digraphs and blends necessary for successful decoding. Words 

will be created based upon the patterns identified and 

discussed in the Phonics Remedial Reading Lesson program 

(Kirk, Kirk, & Minskoff, 1985). 

orthographic Decoding. Similarly, the decoding of 
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phonically irregular real words, called Actual Anomaly 

Words, will consist of 24 items. Some of the better

discriminating and likely-experienced items from 50 

Exception Words will be used (i.e., "touch," "sugar," 

"break," "island," "truth," "busy," "iron," "height," 

"none," "ninth," "prove," and "recipe"). These words will be 

supplemented with irregular, high-frequency, and problematic 

words such as "through," "thought," and "who." In addition, 

words involving the discrimination of "b," "d," and "p" will 

be included based upon the difficulty of the task for 

individuals with orthographic dyslexia (Willows & Terepocki, 

1993). 

Changes to Rebus Tests 

Although the number of items forming the rebus tests 

has been reduced since the first draft of the DST, further 

reduction may be beneficial. Each item within a rebus test 

requires similar skill and, consequently, could probably be 

measured as reliably with 20 items as with more. 

Subsequently, four items will be eliminated from 

Orthographic Rebus and 7 from Phonological Rebus. In 

addition, items will be reordered from an easy to difficult 

level. 

Phonologic Rebus. The practice items will remain. The 

seven items that will be eliminated are numbers 1, 4, 7, 12, 
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19, 20, and 27. Item 8 has been rejected previously but will 

continue to remain in the test as a practice item. 

Furthermore, the directions will be reworded; the 

inclusion of the practice item eliminates the need for 

lengthy instructions. In addition, a limit will be imposed 

on the number of allowable repetitions of rebus names per 

page. Eighty-nine of the 92 individuals tested requested the 

names two times or less per page. Two repetitions per page 

are considered sufficient, therefore, and that limit will be 

adopted in future administrations. 

The post-dissertation Phonological Rebus, therefore, 

will be composed of 20 items and will be presented on 9 

pages. All items will be administered as part of the DST; 

administration time is about 10 minutes. 

orthographic Rebus. The four items chosen for rejection 

for the post-dissertation DST are items number 1, 5, 18, and 

21. These were chosen because of their lower discrimination 

indices and point biserial coefficients and their higher 

item MCIs. Items will be reordered by difficulty level and 

presented as listed in Table 4.4, (pp. 125-126). All items 

will be administered to all individuals being tested. 

Administration time is about 10 minutes. 

Changes to Spelling Tests 

The practicality of requiring a student to write 72 
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words (36 Spelling of Sounds and 36 Spelling of Words) is 

questionable. The revision task for the two spelling tests, 

therefore, is one of condensing each test to 24 items. The 

spelling tests could be given either one-on-one or in a 

group format. 

Spelling of Sounds. Two items (#17 "fut" and #26 

"bishing") are to be eliminated because of their similarity 

in sound to some popular curse words. All other items with 

discrimination indices of .80 or above will be retained in 

the next revision of the CST. In addition, number 5 

("gacks") will be retained as the 24th item. 

Items will be reordered from easy to difficult and 

recorded professionally to ensure high quality. After 

elimination of items 14, 17, 28, 26, 33, 07, 01, 34, 12, 16, 

36, and 31, items will be administered in the order shown in 

Table 4.5 (pp. 128-129). Testing will cease when six . 
consecutive items have been ~pelled incorrectly. 

Administration time is about 10 minutes. 

Spelling of Words. Words to be rejected from the next 

draft of the CST were chosen based upon their difficulty and 

discrimination indices and item Mels. Following the 

eliminatiori of items 05, 34, 16, 26, 03, 20, 07, 23, 33, 09, 

25, and 31, items will be administered in order of 

difficulty. Each word and order of administration is 
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displayed in Table 4.6 (pp. 131-132). Similar to the 

procedural rules for Spelling of Sounds, testing will 

discontinue after six consecutively misspelled words. 

Similar to the Spelling of Words test, administration time 

is about 10 minutes. 

Addition of Oral Language Tests 

Early language disorders in young children are 

associated with later difficulties in learning to decode and 

encode (Donahue, 1986; Tallal, 1988). In addition, the 

relationship between oral and written language competence 

across the age span is well documented (Donahue, 1986; 

Johnson & Myklebust, 1967; Kamhi & Catts, 1989; Vellutino, 

1979). Subsequently, two additional tests will be added to 

future revisions of the DST. The tests will provide a 

measure of listening (receptive) and speaking (expressive) 

oral language. 

Listening Comprehension. Current tests that measure 

listening comprehension may not provide adequate assessment 

(Johnson, 1994). In order to reflect current literature, the 

listening comprehension of the DST will incorporate various 

modes of response. Response modes will include free recall, 

summaries, paraphrasing, sentence verification, single 

words, and multiple choice. In addition, passages of 

different lengths and varying content will be included. 
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~ing Discourse. semantic tests that examine both 

the depth and breadth of word meaning are necessary 

(Johnson, 1994). The DST oral expressive test will reflect 

current research in four ways. First, words with similar 

foils will be included (e.g., insure, ensure). Second, the 

test will contain words with multiple meanings (e.g., foil). 

Next, students will be asked to make sentences incorporating 

classroom metalinguistic terms (e.g., word, number). Last, 

items involving the accurate repetition of novel, 

multisyllabic words and phrases (Kamhi, Catts, & Mauer, 

1990; Snowling, 1981) will be included. 

Convergent and Discriminant Validity 

Correlations Between Tests 

Correlation analyses between the four DST and two 

criterion tests all yielded high results. All coefficients 

were significant at the p=.OOOl level indicating that all 

six tests measure one construct only. The correlations 

ranged from .55 (Phonological Rebus with orthographic Rebus) 

to .83 (Word Attack with 50 Exception Words) to .93 (50 

Exception Words with Spelling of Words). A factor analysis 

SUbstantiated the findings with the emergence of one strong 

factor (Eigenvalue of 4.26) that explained 71% of the 

variance. Strong convergent validity between each test and 
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discriminant validity was limited. 
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Results from the current research, therefore, 

sUbstantiate those from previous investigations showing a 

high positive correlation between phonetically regular 

nonsense words and phonetically irregular words (Gough & 

Walsh, 1991~ Vellutino, scanlon, & Tanzman, 1994). This has 

been interpreted previously either as evidence against the 

existence of orthographic dyslexia (Vellutino et al., 1994) 

or as a refection of the smaller number of individuals with 

orthographic than phonologic dyslexia (Lyon, 1995; Newby et 

al., 1993). Perhaps, however, a third interpretation is 

feasible. Because both phonologic and orthographic 

processing have been shown important to acquiring decoding 

and encoding skills (Berninger et al., 1991; Olson et al., 

1994; Newby & Lyon, 1991; Perfetti, 1992), the DST factor 

may be interpreted as a "coding factor" (i.e., the broad 

skill incorporating decoding, encoding, and recoding) rather 

than as phonological processing. consequently, the limited 

discriminant validity neither sUbstantiates nor negates the 

existence of orthographic dyslexia. 

Correlations with Age 

Because decoding and encoding ability improves with age 

(Conners & Olson, 1990; Guthrie, 1975; van den Bos & 
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Spelberg, 1994), the correlations between the six tests and 

age were calculated. As expected, the two tests that 

correlated most highly with age were 50 Exception Words 

(.69) and Spelling of Words (.72). Older students have the 

advantage with these tests because of more frequent 

exposures to phonetically irregular words (van den Bos & 

Spelberg, 1994). 

In addition, the attained higher correlation was 

expected of the spelling test. Spelling problems are more 

resistant to instruction (Seidenberg, 1989) and persist into 

adulthood (Adelman & Vogel, 1990; Bruck, 1993; Dalke, 1988; 

Leuenberger & Morris, 1990; Vogel & Moran, 1982). 

Word Attack showed evidence of convergent validity with 

age also though, as expected, the correlation was lower 

(.64) than for 50 Exception Words (van den Bos & Spelberg, 

1994). The result suggests that knowledge of phonetic sound

symbol correspondence improves also with age and experience. 

The remaining DST tests yielded correlations that were 

indicative of a lack of convergent validity with age. The 

coefficients were .57 for Spelling of Sounds, .54 for 

Orthographic Rebus, and .45 for Phonologic Rebus. The 

correlation for Spelling of Sounds was surprising and may 

suggest that the spelling criteria were too lenient. The 

lower coefficients for the rebus tasks may be explained by 
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the successful attempt to design tests that provide a purer 

or more basic measure of phonologic and orthographic 

ability. Perhaps, therefore, the rebus tests could be used 

to predict potential difficulties with the acquisition of 

coding skills with first-grade students. 

Two words of caution in interpretation must be given. 

First, the sample represents a clinical population whose 

development of decoding and encoding skills may not follow 

normal developmental trends. Second, the volunteers have 

received remediation to various degrees and their experience 

with particular instructional strategies may influence the 

results. More research, therefore, is necessary. 

Phonologic Factor Correlations 

Correlation coefficients of the tests within the 

phonologic processing factor (Word Attack [WA], Phonologic 

Rebus [PRJ, and Spelling of Sounds [SS]) were .67 (PR/SS), 

.71 (PR/WA), and .83 (WA/SS). All correlations, therefore, 

were evidence for convergent validity but the correlations 

involving the Phonologic Rebus test were weaker (.67 and 

.71). These weaker PR correlations may suggest that the test 

is measuring a slightly different aspect of phonologic 

processing than that measured by Word Attack and Spelling of 

Sounds. 



174 

Orthographic Factor Correlations 

Tests within the orthographic processing factor (50 

Exception Words [EW], Orthographic Rebus [OR], and spelling 

of Words [SW]) correlated at .63 (OR/EW), .65 (OR/SW), and 

.93 (EW/SW). Such a strong correlation resulted between 50 

Exception Words and the Spelling of Words (.93) that, 

statistically, administration of both appears to be 

redundant. Consideration of the practical perspective, 

however, may lead to a different conclusion. Because one of 

the tests provides a measure of decoding whereas the other 

provides a measure of encoding, the measures may furnish 

quantitative information with strong implications for 

educational instruction and accommodations. While similar 

implications could be indicated through informal analyses of 

intraindividual abilities, some school personnel require 

quantitative documentation for provision of alternative or 

additional services. 

The correlations between the Orthograpnic Rebus and 50 

Exception Words (.63) and Spelling of Words (.65) were lower 

than that between 50 Exception Words and Spelling of Words. 

The results could be interpreted as evidencing either weak 

convergent validity or the lack of convergence and suggest 

that the Orthographic Rebus test appears to be measuring a 

slightly different aspect of orthographic processing. 

------ ----------~~~~~~~~~-~---~~.-~~=~~ 
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Similar to Phonologic Rebus, therefore, Orthographic Rebus 

may be measuring beginning facility with orthography and may 

have far-reaching implications with younger students. 

Between Factor Correlations 

Correlations coefficients of tests between factors 

(phonologic and orthographic) ranged from .55 (PR/OR) and 

.56 (PR/SW) to .80 (WA/SW) and .83 (WA/EW). The four 

correlations that did not involve either rebus test were 

evidence for convergent validity and were higher than those 

coefficients involving the rebuses. These non-rebus 

correlations were: .83 for WA/EW, .80 for WA/SW, .74 for 

EW/SS, and .72 for SS/SW. 

The between factor correlations involving the rebus 

tests did not demonstrate discriminant validity but may 

indicate lack of support for convergent validity. The 

coefficients are: .60 for PR/EW, .55 for PRIOR, .55 for 

PR/EW, .62 for OR/SS, and .68 for OR/WA. These coefficients 

may be supportive of the conclusions drawn and discussed 

above in regard to the measurement of a more basic ability 

related to the development of coding skills. 

Practical Case Analyses 

Results of test correlations indicate, therefore, that 

the DST is a reliable measure of one factor. This factor has 

a positive correlation with age and can be translated as 
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consequently, practical case analyses were necessary. 
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Because the tests had similar student raw percent means 

(ranging from 40.91 to 51.59) and standard deviations 

(ranging from 25.89 to 38.12), scores across tests could be 

averaged and compared. Subsequently, two comparisons were 

conducted: (a) phonologic versus orthographic abilities, and 

(b) decoding versus encoding abilities. 

Phonologic/Orthographic Dyslexia 

Current beliefs in regard to dyslexia subtyping suggest 

that approximately 10% of individuals with dyslexia have 

disabilities primarily in orthographic processing, 65% have 

disabilities primarily in phonological processing, and 25% 

have mixed orthographic and phonological difficulties (Boder 

& Jarrico, 1982; Mattis et al., 1975; Newby et al., 1993). 

Results similar to these, therefore, were expected from the 

current research. 

The phonologic/orthographic comparison was conducted in 

two ways. First, the three phonologic tests were averaged 

and the score compared to that attained for orthographic 

tasks (P1+P2+P3 by 01+02+03). Second, scores attained on 

Phonologic Rebus were compared to those from Orthographic 

Rebus (P2 by 02). 

P1+P2+P3 by 01+02+03. Seventy-three of the 92 
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volunteers were identified by this method as having 

dyslexia. Forty six (63%) of the identified individuals were 

recognized as having phon%rtho dyslexia, six (8%) as 

having phon%rtho dyslexia with a significant weakness in 

phonology, and 7 (10%) as having phon%rtho dyslexia with a 

significant weakness in orthography. Fifty-nine individuals 

(81%), therefore, appear to have a general coding 

deficiency. In addition, eight individuals (11%) were 

identified as having pure phonologic dyslexia, and six (8%) 

as having pure orthographic dyslexia. 

The results differ substantially from the expected 65% 

with phonological dyslexia, 10% with orthographic dyslexia, 

and 25% with phon%rtho dyslexia. The differences could be 

explained in many ways. First, the differences may be due to 

failure of the DST to subtype dyslexia effectively. Second, 

the sample may not be representative of the dyslexia 

population. Third, the explanation may be the lack of 

congruence in the identification criteria of dyslexia. For 

example, although most school districts identify dyslexia 

based upon a "significant" aptitude-achievement discrepancy, 

the quantification of significance varies greatly. 

Alternatively, perhaps the findings reflect previous 

inability to measure orthographic dyslexia efficiently 

(Berk, 1984; Forness & Kavale, 1987; Kavale & Forness, 1984; 



178 

Olson et al., 1994). Although practitioners have recognized 

the existence of orthographic dyslexia for over a century 

(e.g., Bakker, 1980, 1992; Boder, 1970, 1972; Fernald, 1943; 

Hinshelwood, 1917; Lovett, 1984, 1987; Lyon & Watson, 1981; 

Mather & Kirk, 1985; Mather & Roberts, 1995; Morgan, 1896; 

Orton, 1925, 1937), the difficulty quantifying the construct 

has been unresolved. Consequently, more emphasis has been 

placed upon phonologic dyslexia (e.g., Bruck, 1988, 1990; 

Felton & Wood, 1989; Lyon, 1995; pennington et al., 1986; 

Snowling, 1980; Stanovich, 1988). The percentage of 

individuals in each dyslexia subtype suggested by the 

results of this research, therefore, may be more realistic 

than those indicated by previous studies. 

P2 by 02. Seventy-five individuals were identified as 

having dyslexia using this method. Thirty-nine (52%) were 

identified as having phon%rtho dyslexia, 9 (12%) as having 

phon%rtho dyslexia with a significant weakness in 

phonologic processing, 3 (4%) as having phon%rtho dyslexia 

with a significant weakness in orthographic processing, 12 

(17%) as having pure phonologic dyslexia and another 12 

(17%) as having pure orthographic dyslexia. Differences 

between these results and those expected from examination of 

previous research have been explained above. 

comparison of the Two Methods. Comparison of the 
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dyslexia subtypes identified by the different methods 

indicates strong agreement between the two. The whole DST 

test identified 73% of individuals as having dyslexia; the 

rebus tests identified 75%. Of these individuals, the full 

DST identified 81% as having some type of phon%rtho 

dyslexia while the rebus tests identified 78%. The rebus 

tests identified more pure dyslexias, however. This could be 

caused by its being less affected by age and experience and, 

therefore, less influenced by exposure to literature. 

Because using more than one measure of a construct 

provides more reliable results (Anastasi, 1988), the full 

DST battery should be used whenever possible. A high 

congruency rate (over 90%) between identification using the 

whole test battery and only the rebus tests suggests, 

however, that administration only of Phonologic and 

Orthographic Rebuses could prove reliable. The two rebus 

tests could be administered as a screening measure. In 

addition, administration only of the rebus tests may prove 

less frustrating and a reliable indicator of dyslexia for 

very young students. 

In the post dissertation DST, the determination of 

dyslexia or weaknesses will be made by comparing scores from 

the decoding/encoding tests to those from the 

listening/speaking tests. Individuals with low scores in the 

------
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decoding and/or encoding tasks who did not evident a 

discrepancy with their oral language scores would be 

considered slow learners or individuals whose primary 

disability is language. Conversely, those with low decoding 

and/or encoding scores and a discrepancy would be considered 

as having dyslexia. 

Decoding/Encoding subtyping 

Results from previous research indicates that dyslexia 

affects both decoding and encoding for most individuals 

(Lyon, 1995b; Siegel, 1989). Results of the current research 

substantiated this. Seventy-one individuals were identified 

as experiencing difficulties with decoding and/or encoding. 

Of these, 63 (89%) experienced problems succeeding in both 

decoding and encoding. Seven (10%) had difficulty only with 

encoding and one (1%) only with decoding. Five individuals 

(7%) were identified as needing a close eye kept on their 

progress. 

Analysis of the seven individuals experiencing only 

encoding difficulties revealed that their ages fell in the 

range between 10 and 17 and had a mean of 13 years. This 

result was expected because spelling problems are more 

resistant to instruction (Seidenberg, 1989) and often a 

primary indicator of dyslexia in the adult population 

(Adelman & Vogel, 1990; Bruck, 1993; Dalke, 1988; 
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Leuenberger & Morris, 1990; Vogel & Moran, 1982). Careful 

examination of the DST's spelling tests, therefore, may be 

most informative with older individuals. 

Direction for Future Research 

Adelman (1979) stated, "Valid classification is a 

critical step in advancing knowledge related to learning and 

behavior problems" (p.13). The DST appears to have potential 

in succeeding with that critical step. Much work, however, 

remains. 

DST Research 

First, the post dissertation draft of the DST must be 

created ensuring high internal consistency and the battery 

given to a larger number of students with dyslexia. 

Immediate research must involve the investigation into the 

DST's consistency over time or test-retest reliability. 

Further studies must be conducted to examine the validity of 

the battery. 

One study should examine the ability of the instrument 

to discriminate between individuals with phonologic and 

orthographic dyslexia. A method similar to that used in the 

current study could be used but with a sample comprising 

only of individuals with either pure phonologic or pure 

orthographic dyslexia. The expected results would show 

strong convergent and discriminant validity. 
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In addition, studies must be conducted to examine the 

scores on the DST tests of individuals without dyslexia. The 

instrument has been designed for use with a clinical sample 

(i.e., individuals with decoding and/or encoding 

difficulties). For the instrument to be valid, therefore, 

discriminant validity must be shown between individuals with 

and without dyslexia. 

Furthermore, examination must occur of student 

attainment on DST tests by age. Success with the decoding 

and encoding of words has a high correlation with age. 

Subsequently, studies must be conducted to ascertain the 

percentage correct by normal-achieving students within each 

age group. The test has been designed so that normally

achieving nine or ten year olds should be scoring close to 

100%. At lower ages, however, information should be 

available to practitioners as to the relative standing of an 

individual with his or her peers. Failure to provide this 

information may result in younger individuals being 

overidentified as having dyslexia when, in reality, they are 

lacking merely in experience or exposure. 

Dyslexia Research: Changing the Field 

In addition to research relating specifically to the 

DST, future direction may involve a reassessment of the 

currently-popular discrepancy formula for the identification 
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of dyslexia. At present, state identification guidelines 

continue to demonstrate increased reliance on formulas 

(Frankenberger & Fronzaglio, 1991) despite repeated 

criticisms of the aptitude-achievement discrepancy concept 

and its application for LD diagnosis (Berk, 1982; Cone & 

Wilson, 1981; Kavale, 1987; Mather & Healey, 1990; Reynolds, 

1984-1985; Shepard, 1980; Siegel, 1989; stanovich, 1991, 

1994; Toth & Siegel, 1994). stanovich (1994) expressed his 

concern by stating, " ••• although genetic and neuroanatomical 

studies may be honing in on a syndrome of dyslexia, that 

syndrome does not seem to be strongly correlated with degree 

of IQ-achievement discrepancy in the reading-disabled 

population" (p. 20). 

The association between dyslexia and aptitude

achievement discrepancies, however, seems logical (Mather & 

Roberts, 1994). Unfortunately, problems emerge in the 

operationalization of this association (Keogh, 1987) because 

the approach can obscure the disability through its effect 

on both aptitude and achievement (Mather & Healey, 1990; 

Swanson, 1993). Toth and Siegel (1994) suggested that, 

" ••• the IQ discrepancy based definition for dyslexia should 

be abandoned in favor of a more parsimonious definition" 

(pp. 66-67). One salient characteristic of individuals with 

dyslexia is the unexpectedness of the disability based upon 
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other abilities (Mather & Roberts, 1994; Monroe, 1932; 

Morgan, 1896). Individuals with dyslexia often exhibit 

discrepancies between predicted reading success and actual 

achievement (Mather & Roberts, 1994). It would seem logical 

and parsimonious, therefore, to use the most salient 

predictors for establishing discrepancy. 

Many experts have suggested that oral language is an 

excellent predictor of reading success (Donahue, 1986; 

Johnson & Myklebust, 1967; Kamhi & Catts, 1989; Vellutino, 

1979) and should, therefore, replace intelligence test 

scores for the identification of dyslexia. Performance on 

expressive and receptive language measures could be compared 

to general scores from the DST and dyslexia diagnosed if a 

discrepancy exists. 

Furthermore, intraindividual discrepancies across 

learning tasks should be examined (Fletcher, Francis, 

Rourke, Shaywitz, & Shaywitz, 1993; Zigmond, 1993). The 

intraindividual analyses conducted in the current research 

would accomplish the necessary information across important 

decoding and encoding learning tasks. This method would 

probably be more indicative of high achievers with dyslexia. 

Reading problems require attention when they first 

appear, not after the student has experienced severe failure 

(Felton & Wood, 1989). Unfortunately, because of the current 
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identification guidelines, early identification is difficult 

for many students and the threshold of severe failure is 

crossed prior to service delivery (Felton & Brown, 1991; 

Will, 1986). Because school failure may create lifelong 

problems (Lieberman, 1992), a system must be developed and 

adopted whereby children qualify for services before they 

fail. Qualification for services must be based upon need and 

not on the documentation of an aptitude-achievement 

discrepancy (Mather & Roberts, 1994). The DST may be one 

step in helping educators identify students with dyslexia 

before they experience reading failure. 
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HUMAN SUBJECTS LETTER 

HUIN" Subto<ts Comml_ 

15 May 1995 

Rhiannon Robert., ".A. 
c/o C. June Maker, Ph.D. 

THt lJM\UsIIY Of 

ARIZONA. 

Departaant of Special Education/Reh.bilitation 
Education Building, Roo. 409 
Main C .. ~ 

loll E ..... boI5c. 
Tunon. ANON S!'~.a 
'1oIJ2Iol ..... nl 

RE: DC a".11 THE DYSLEXIA SUBTYPING TEST (DST): DESIGN ANt) 
CONSTRUCT-RELATED VALIDATION 

De.r Ha. Robert.: 

We r.c.ived your above cited r •••• rch propo.al. Th. procedur •• to 
be follotNd in this .tudy po.. no acr. than .ini .. l riak to 
participating .ubj.ct •• R89Ul.tion. i •• ued by the u.S. Departaent 
of H.alth and HWI&n Servic.. [45 CrR Part 4IS .110 (b») authorize 
.pproval of thi. type project through the expedited review 
procedure., with the condition(.) that .ubject.' anonyaity be 
aaintainod. Although full Co_ittee review i. not required, a brief 
.wmary of th. project procedure. i •• ubaitted to the Co_itt .. for 
th.ir .ndor .... nt .nd/or co_ent, if any, atter adaini.trative 
approval i. granted. Thi. proj.ct i •• pprov.d etr.ctive 15 Hay 1995 
for a period of one y.ar. 

The Huaan Subjects co_ittee (In.titutional Revi.w Board) of the 
Univer.ity of Arizona ha. a current a •• urance ot co.pliance, nuaber 
"-1233, which i. on file with the Departa.nt of H.alth and Huaan 
S.rvic •• and cover. this activity. 

Approval ia granted with the under.tanding that no further change. 
or addition. wUl be .. de either to the procedure. followed or to 
the con.ant fon(.) u.ed (copi •• of ¥bieb w. have on fUe) without 
the knowledge and approval ot the Huaan Subjects Co_ittee and your 
College or Departaental Review Co_ittee. Any re •• arch related 
phyaical or p.ychological h.ra to any .ubject .u.t al.o be r.ported 
to each co_itt ••• 

A university policy requir •• that all .iCJlled .ubject con .. nt fonaa 
be kapt in a peraan.nt fUe in an .rea deaiCJllated for that purpo.e 
by the Departa.nt Head or coaparable authority. Thi. will a •• ur. 
their acc ••• ibility in the ev.nt that univ.r.ity otficial. require 
the intoraation and the principal inv •• tigator i. unavailable for .0.. r.a.on. 

Sinc.r.l~' 
~ .. 
Willias F. Danny, ".0. 
Chairaan, HUBan Subjects co_ittee 

WFD:r. 
cc: Departaental/Colleg. R.vi.w Co_ittee 
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HUMAN SUBJECTS LETTER - continued 

Humo" Sut>,om Comm,ltft 

25 September 1995 

Rhiannon Roberts, M.A. 
c/o C. June Maker, Ph.D. 

TlcUNlVUSllYOf 

ARIZONA. 
HlAI. TH 5cJlNC1S CLNnIl 

=v= 
Department ot Special Education/Rehabilitation 
Education Buildinq, Rooll 409 
Main campua 

'6!l E '-I.t..I~. 
TUC."kJn. "rw.IN ,,~:-: .. 
16lT.:I&:ftooO:":1 

RE: BIIC AIS.55 THE DYSLEXIA SUBTYPING TEST (DST): DESIGN AND 
CONSTRUCT-RELATED VALIDATION 

Dear Ms. Roberts: 

We received your 18 September 1995 letter and accompanyinq revised 
consent tona tor the above reterenced project. Chanqe involves 
testinq 77 vs. 85 subjects troll Turninq Point School; also the 
AcadellY of TUcson has been added as study aite with additional 15 
participants [consent fona revised to reflect total of 92 aubjects 
vs. 85]. Approval tor these chanqes is qranted etfective 25 
september 1995. 

The Human SUbjects Co_ittee (Institutional Raview Board) ot the 
univeraity of Arizona haa a current assurance of compliance, number 
M-1233, which is on file with the Department ot Health and Human 
Services and covers this activity. 

Approval is qranted with the undarstandinq that no further chanqes 
or additions will be lIade either to the procedures tollowed or to 
the consent fora(s) used (copies of which we have on tile) without 
the knovledqe and approval ot the Huun Subjects Co_ittee and your 
colloqe or Departmental Review Couittee. Any reaearch related 
physical or paycholoqical hana to any aubject IIUSt also be reported 
to each co_ittee. 

A university policy requires that all siqned subject consent torms 
be kept in a permanent tile in an area desiqnated tor that purpose 
by the Department Head or comparable authority. This vill assure 
their accessibility in the event that university otficials require 
the information and the principal investiqator is unavailable tor 
sOllie rea.on. 

sincerely yours, 

~,~ 
William F Denny, M.D. 
Chainaan 
Human Subject. Co_ittee 

WFD:ra 

cc: Departmental/Colleqe Review Co .. ittee 
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CONSENT FORM 

Title of Research: The Dyslexia Subtyping Tell (DS1): Construction and Conatruct-Relatcd Validation. 

SUBJECT'S CONSENT FORM 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE TIlAT I AM INFORMED OF TIlE 
NATURE OF TIllS RESEARCH STUDY AND OF HOW MY CHaD WILL PARTICIPATE IN rr, IF I CONSENT 
FOR MY CHILD TO DO SO. SIGNING THIS FORM WILL INDICATE TIlAT I HAVE BEEN SO INFORMED AND 
THAT I GIVE MY CONSENT. FEDERAL REGULATIONS REQUIRE WRrrTEN INFORMED CONSENT PRIOR 
TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT I CAN KNOW THE NATURE AND THE RISKS OF 
MY CHILD'S PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND 
INFORMED MANNER. 

PURPOSE 
My child is being invited to voluntarily participate in the above-titled research project. The pUrpOIC of this 

project is to create an instrument that will improve the instruction of individual. with dyslexia by identifying the etiology of 
the disab i1ity • 

SELECTION CRITERIA 
My child i. being invited to participate becaulC s!he has a learning disability and attend. either Turning Point 

school or the Academy of TuclOn. Approximately 92 IUbjecta will be enrolled in this ItUdy. 

SfANDARD TREATMENTS 
My child will continue with his!her regular instruction if s/he docs not wish to participate in this ItUdy. 

PROCEDURE 
If I agree for my child to participate, s!he will be asked to agree to the following: Take four reading tella and 

two spelling tella, each of which willl .. t about 15 minutes. 

RISKS 
The most common risk is the psychological one of being tested. The risk i. allUmed to be equal to that of any 

school tell. To try to leSIOn the risk involved to my child, s/he will be infonncd and reminded th.t it i. not himlher that i. 
being tested but the tell itaclf. 

BENEFITS 
The personal benefita to the I,Ilbjecta are limited to probablo development of improved and effective inatructional 

strategies for UIC with individual. with reading andlor writing problema. 

CONFIDENTIALITY 
Only the researcher and trained helpen (who will sign a confidentiality fonn) will havo accell to tho data. Within 

a week after completion of the tealing, individual.' name. will be removed from tho data and replaced with a number. No 
accesl to my child's name will be available thereafter. 
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CONSENT FORM - continued 

PARTICIPATION cosrs AND SUBJECT COMPENSATION 
The participation cost to my child i. limited only to time. The whole teatina time i, about one and one-half houn 

and will be conducted in six lCuiona of approximately 15 minute. each. My child will not be monetarily compensated for 
being in the ltudy. 

I can obtain further information from RhiaMOn Roberta, M. A. at 621-0943. If I have queationa concerning my 
child'. righta ail a relClrch subject, I may call the Human Subjecta Committee office at 626-6721. 

AUTIlORlZATION 
BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, INCONVENmNCES, 

RISKS, AND BENEFrrS HAVE BEEN EXPLAINED TO ME AND MY QUESTIONS HAVE BEEN ANSWERED. 
UNDERSTAND THAT I MAY ASK QUESTIONS AT ANY TIME AND THAT I AM PRES TO wrmDRAW MY 
CHU.D FROM THE PROJECT AT ANY TIME wrmOUT CAUSING BAD FEELINGS. MY CHILD'S 
PARTICIPATION IN THIS PROJECT MAY BE ENDED BY THE INVESTIGATOR FOR REASONS THAT WOULD 
BE EXPLAINED. NEW INFORMATION DEVELOPED DURING THE COURSE OF THIS STUDY WHICH MAY 
AFFECT MY WILLINGNESS FOR MY CHILD TO CONTINUE IN THIS RESEARCH PROJECT WILL BE GIVEN 
TO ME AS IT BECOMES AVAILABLE. I UNDERSTAND THAT THIS CONSENT FORM WILL BE FILED IN AN 
AREA DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE wrm ACCESS RESTRICTED TO THE 
PRINCIPAL INVESTIGATOR, RHIANNON ROBERTS, M. A. OR AUTHORIZED REPRESENTATIVE OF THE 
SPECIAL EDUCATION AND REHABILITATION DEPARTMENT. I UNDERSTAND THAT I 00 NOT GIVE UP 
ANY OF MY LEGAL RIGHTS BY SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT FORM WILL BE 
GIVEN TO ME. 

----------...;Subject'. Signature 
Date 

-----------,ParentlLcgal Guardian 
Date 

INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the ,subject the nature of the above project. I hereby certify that to the beat of my 

knowledge the person who is ligning thia consent form understands clearly the nature, demand., bencfill, and ri.b involved 
in hislher child', participation and hislher 8ignature is legally valid. A medical problem or language or educational barrier 
has nol precluded thil understanding. 

Signature of Investigator Date 
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THE DST: DISSERTATION DRAFT 



THE DST: DISSERTATION DRAFT 

Word Attack 
Phonologic Processing criterion Test 

1. nat 
* 2. ib 

3. tiff 
* 4. nan 
* 5. rox 

6. zoop 
* 7. lish 
* 8. dright 
* 9. jox 
* 10. feap 
* 11. gusp 

* 12. snirk 
* 13. yosh 
* 14. tayed 
* 15. grawl 
* 16. loast 
* 17. sluke 

* 18. thrept 
* 19. wheeg 
* 20. mibgus 
* 21. splaunch 
* 22. quantric 

23. lindify 

* 24. saist 
* 25. knoink 
* 26. whumb 

27. mafreatsun 
* 28. phigh 

29. deprotenation 

30. paraphonity 
* 31. coge 

32. apertuate 
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* signifies that the item was included in the criterion 
data for analysis of construct-related validation 



THE DST: DISSERTATION DRAFT - Continued 

Phonologic Rebus 
Phonologic Processing Experimental Test 

Examples 

Dircc:Uons: This '1 (point to symbol) says "bO." Say "bO." 

This e (point to symbol) says "ni." Say "ni." 

This ~ (point to symbol) says "18." Say "ra" 

What does this '" e ~ (point to symbols) say? 

What does this '1 ~ (point to symbols) say? 

What does this ~ ~ (point to symbols) say? 

'-
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THE DST: DISSERTATION DRAFT - continued 

DirecUons: Remember what this says? (POIDt to orlJl!!al3 
symbols and prompt as nccessary ••• bODl'fa). 

What does tbis'1e~(POiDt to symbols) say? 

4. Answer: r8ni'~ 



Directions: 

n 
~ 

t 
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THE DST: DISSERTATION DRAFT - continued 

This n (point to symbol) says "ve." Say "ve." 

This ~ (point to symbol) says "pi." Say "pl." 

This t (point to symbol) says "cbit" Say "cb~" 

What does this 1\ ~ t (point to symbols) say? 

What does this (\ t (point to symbols) say? 

What does this t ~ (point to symbols) say? 

What does this ~ f\ (point to symbols) say? 

nt 

Answer: ve'pa'cbu 
Hank -+ at 

5 Answer: ve'cb~ 

6 .. v 
Answer: cbu'pa 

1- Answer: .,a've 
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THE DST: DISSERTATION DRAFT - continued 

Spelling of Sounds 
Phonologic Processing Experimental Test 

Pronunciation Acceptable Spellings 
1. fen fen(d) 

2. yow y(ou/ow/aw) 
3. spong spon(g/d/-) 
4. oady o(a)d(y/ee/e/i) 
5. gacks ga(cs/ks/cks/x) 
6. danter dant(e/i/u)r 
7. smilcrit sm(e/i)l(c/k)r(i/e)t(e) 
8. tromly tr(o/u)m(a)l(ee/e/y) 
9. honged hon(g) (e)d 

10. dinute 

11. chendag ch(e/i)nd(a/e)g 
12. chadessy ch(a/e)d(e/u/a)s(s) (y/ee/e) 
13. spland spl(a/e/u)nd 
14. und un(n) (e)d(e) 
15. cruplind (c/k) (r)upl(i/e)n(d) 
16. depnone depno(w)n(e) 
17. fut fut 
18. gormite go(a)rm(ite/it/ight) 
19. stram stra(m/n) 
20. spraich spr(ea/ai/a)ch 

21. bontie bont(ie/ay) 
22. plenlappers pl(e/a/i)nlap(p) (ers/res) 
23. briff b(e)ri(f/ff/th) 
24. trosald tr(o/u)s(s) (ald/old/eld/led) 
25. pont p(o/a/u)nt 
26. bishing bishing 
27. shipolk sh(i/e)p(o/u/a)l(c/k/ck) 
28. slicter sl(i/e) (c/k)t(e/i/o/u)r 
29. lemstine l(e/i)mst(ein/ine/in) 
30. unhimp (u/o)nhimp 

31. fenstay f(e/i)nsta(y/e/ve) 
32. spag spag 
33. balfime b(a/e)l(l)fi(m/n) (e) 
34. torsing to(r)sing 
35. bafmot b(a/e) (f/ff/th)mot 
36. gruchley gr(u/e) (t)chl(ee/ey/y/e) 
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THE DST: DISSERTATION DRAFT - continued 

50 Exception Words 
orthographic Processing criterion Test 

* 1. ocean 31. rely 
* 2. iron * 32. ninth 
* 3. island * 33. react 
* 4. break * 34. recipe 
* 5. busy 35. pint 
* 6. sugar 36. deny 
* 7. touch 37. vague 
* 8. none 38. tomb 
* 9. heights * 39. drought 

10. whom 40. trough 

* 11. tongue 41. depot 
* 12. lose 42. bough 
* 13. prove 43. bouquet 
* 14. rhythm 44. aisle 
* 15. truth * 45. ache 
* 16. stomach 46. yacht 
* 17. blind 47. chauffeur 
* 18. wounded 48. ukelele 
* 19. calf 49. suede 

20. sweat 50. fiance 

* 21. sword 
* 22. anchor 
* 23. echo 
* 24. guitar 
* 25. veins 
* 26. chorus 
* 27. scent 
* 28. deaf 
* 29. mechanic 
* 30. dough 

* signifies that the item was included in the criterion 
data for analysis of construct-related validation 



THE DST: DISSERTATION DRAFT - continued 

Orthographic Rebus 
Orthographic Processing Experimental Test 

Examples 

~ 

lRl 
p 

Directions: I am going to ask you to read some nonsense words 
using a pretend alphabet. I will show you a symbol and 
tell you the word that it stands for. Afterwards, I will 
show you some more symbols and ask you to point to 
the word you learned. 

Directions: This is "erp" (point to symbol). 

Directions: 

Point to "erp." 

Which of these (point to five symbols on subject's side) 
says "erp?" 

Remember how the word looks. You will see it on the 
next page. 

R 
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THE DST: DISSERTATION DRAFT - continued 

.fR] 
A 

M 

Directions: Which one of these ( • t Ii 
side) says "erp?" POlO to ave symbols on subject's 



DirectioDs: 

Directions: 

201 

THE DST: DISSERTATION DRAFT - continued 

B 

o 
G 

ACICNOWLEDGI E4t.U ANSWU (COOD, YES, RlGUT, M.UMl 
REG..uwL~ or W1IETlIER IT IS CORJW:T OR NOT. 

This is "bon" (point to symbol). 

Point to "bon." 

Which of these (point to five symbols on subject's side) 
says "bon?" 

Remember bow the word looks. You will see it on the 
next page. 

1. 

IcL Answer: H 



THE DST: DISSERTATION DRAFT - Continued 

Directions: 

~ 
X 

y 

z 

Which one of these (point to five symbols on subject's 
side) says "boo?" 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19 •• 
20. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
35. 
36. 

THE DST: DISSERTATION DRAFT - continued 

Spelling of Words 
orthographic Processing Experimental Test 

who Who is your friend? 
true Is this true or false? 
warm The water is warm. 
colors I like those colors. 
come Come to my house. 
many I like many things. 
comb Must I comb my hair? 
very We are very happy. 
touch Please don't touch that. 
once I had a toothache QD£g •. 

some Some people like spinach. 
blood Vampires drink blood. 
want I want an apple. 
said Who said that? 
half I ate half of the pie. 
dead The plant was brown and dead. 
shoe My shoe is too small. 
friends I play with my friends. 
girls The girls were happy. 
watch I like to watch television. 

island The ship went to an island. 
world The world is round. 
trouble I never get in trouble. 
young My sister is very young. 
again I knocked again and again. 
front She is in front of me. 
catch I like playing catch. 
money I have no money. 
should We should get up early. 
little The little cat drank. 

enough I have eaten enough. 
people Some people enjoy tennis. 
thought I thought I heard a noise. 
because I'm tired because I went to bed late. 
walked We walked to school. 
water I like to drink water. 
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THE DST PROTOCOLS 
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THE DST PROTOCOLS 

PIIONOLOCICAL PROCESSINC 

Word AlI&ck PhollOlocicaJ IUbUi SpcUin, or 50"'* 

A. - 111& A. - nlchU' I. - fcn(d) 

•• - ib •• - chWJ 2. - ,ow 
~ 

:I. - IpIIII (rpond) 

I. - Ii" C. -- 4. - -, 
2. - .... I. - bOli' s. - Pcb 
:I. - ..,1 2. -- QMI 6. - --7. - ~ 
4. - .GOp :I. -- bOnita I. -- IIVmI7 
s. -- Iiah 4. - linibO 9. -- hOnacd 
6. -- dri,hl 10. - dinUcc 
7. - joll D. -- v~chii 

I. -- tCap s. -- vichii 11. -- chCndi, 
9. -- PI' 6. -- chUpi 12. - dIIilcuy 

7. -- pbi 1:1. - "us 
10. - ~ 14. - iIId 
11. -- JOIII I. - ~ IS. - enipW 
12. - laJed t. - cIIGpavi 16. - dCpIOno 
1:1. - pawl 10. - plvau 17. - ftit 
14. - IDUl 11. - vicbllpa II. - ~ 
IS. -- ,tub 19. - IIIiIII 

E. -- ~ 20. -- IpfiicIt 
16. - chrqII 12. -- bOcii 
17. - whii, 13. -- ziID 21. - bOnIrfc 
II. - IIIi>p 14. -- l6a 22. - plallippcn 
19. -- 'plaunch 23. - bhtr 

20. - quancric 15. - iib/I'cO 24. -- II6Wd 
21. - lindily 16. - cObiia 25. -- pOnt 

17. -- boizilO 26. - btshina 
22. - ... II. - I6DbO 27 • -- ..;.,alii: 
23. - boink 21. - .1icCcr 

24. - whamb 19 •• - X 29. -- ~ 
25. marrCitsun 19b. y 19. 30. iInh" -- - -- -- anp 
26. - pIUaII 
27. -- dCpcocaIiIion 2011. - Q 31. - fCuivc 

2011. - 0 20. -- 32. - ~1Wc 21. - pinpMniIy 211. -- S 33. -
29. - cop 21b. - R 21. -- 34. - COn'..a 
30. - IpaWi\o 35. - ""a.ac 

22. - -, 36. - &ri*bJ7 

23. -- dIiabOli' 
24. - Wbilli 
25. - fivdM> 
26. - bOlivi 

27. - dIU" 21. - bOchii 
29. - vi' 30. -- chuvc 

Nome. POB 
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THE DST PROTOCOLS - continued 

ORTIJOCRAPIIIC PROCESSING 

so Eucptioa Wordl Onhoanphio RcbUl Spcllin, of Wordl 

I. - - A. - R l. -- who 
2. - inIII - B 2. -- InIe 

3. - bland la. - H 3. -- warm 

4. - brat lb. - Y I. - 4. - OIIlon 
5. - bill, 2&. - Y 5. -- come 
6. - IUpr 211. - 0 2. - 6. - II1&II, 
7. - IDIICb 3&. - Y 7. -- oomb 
I. - DOCIe 3b. - U 3. - •• - very 
9. - hcla/III 4&. - X 9. -- touch 
10. - wtIom 4b. - Y 4. - 10. -- onco 

5a. - Z 
11. - loop 511. - S 5. - 11. -- 10111C 

12. - I0IO 6&. - P 12. -- blood 

13. - prove Q). - B 6. - 13. -- want 

14. - mJlbm 7L - 0 14. - said 
15. - InIIb 111. - Z 7. - 15. -- /aaII 
16. - ICDadI Ia. - U 16. -- cbd 
17. - bliDd lb. - B •• - 17. -- Iboo 

II. - WOUDdcd . h. - P 11. -- frieadI 
19. - call lib. - R 9. - 19. -- cirII 
20. - IweII lOa. - W 20. - walch 

lOb. - I 10. -
21. - rwonl 11 •• - P 21. -- island 
22. - &IICbor lib. - A 11. - 22. - world 

23. - ecIIo 12&. - J 23. -- trouble 

24. - auiIar 1211. - I 12. - 24. - )'I141III 

25. - ¥CinI 13&. - U 25. - apia 
26. - cborua Ilb. - T 13. - 26. -- &oa& 
27. - ~ 14&. - 0 27. -- caIda 

21. - dcaI 14b. - H 14. - 21. -- IDOIIC7 
251. - IIIOdIuIic 15&. - P 251. -- tIIouId 
30. - doIIP 15b. - L 15. - 30. - /iaIe 

16&. - X 
31. - rei, lQ). - P 16. - 31. - -all 
32. - IIiIIIh 17a. - It 32. -- pooplo 
33. - ract 1111. - P 17. - 33. - Ihoua/II 
34. - RCipe lla. - P 34. - becaUIO 

35. - pilla lib. - R 11. - 35. - waIbd 

36. - dca, Ih. - A 36. -- WIler 

37. - vap Illb. - P 19. -
31. - IoCDb 2OIl. - 0 
39. - clraua/ll 2Gb. - It 20. -
40. - lrOUab 21a. - P 

21b. - R 21. -
41. - depot 22&. - P 
42. - bouab 22b. - B 22. -
43. - bo\IqIMI 23&. - H 
44. - aiIIe 23b. - Z 23. -
45. - ache 24&. .- A 
46. - ,adi& 24b. - L 24. -
47. - cbaIIIfctIr 25&. - G .. -, 

4. - ukdde 25b. - M 25. -
49. - I'" 2&. - G 
.so. - a.- 2Q). - Ie 26. -
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THE DST PROTOCOLS - Continued 
Name: 

1. 16. 

2. 17. 

3. IS. 

4. 19. 

S. 20. 

6. 21. 

7. 22. 

S. 23. 

9. 24. 

10. 25. 

11. 26. 

12. 27. 

13. 2S. 

14. 29. 

IS. 30. 

31. 34. 

32. 35. 

33. 36. 
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