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ABSTRACT 

One hundred and five elementary and middle school students from a rural East 

Teimessee school district were evaluated using anew test ofdyslexia,the Test of 

Dyslexia and Dysgraphia(TODD;McCallum&Bell, 1999).The TODD includes 

cognitive measures presumed to underlie reading. Also,reading achievement was 

assessed using the TODD,and for 73ofthe students,by an end-of-year group 

administered test,the Terra Nova. 

When cognitive variables were entered into Multiple Regression Analyses using 

reading achievement scores as criteria.Phonological Awareness wasthe strongest 

predictor ofall criterion measures after extracting the variance accounted for by age.That 

is,phonological awareness predicted Letter-Word Calling,Decoding,Reading 

Comprehension,and TerraNova Spelling and Reading Composite scores,with the range 

ofvariance accounting for from76%to21%for the criterion variables.Phonological 

awareness wasthe only significant predictor ofDecoding and Terra Nova Reading 

Composite.However,when age was partialled out,the Reading Composite was 

significantly predicted by phonologicalawarenessfollowed by visual processing which 

contributes an additional4%ofthe variance,while Decoding was significantly predicted 

by phonologicalawarenessfollowed by auditory memory which contributes an additional 

1%ofthe variance. When age is not partialled out,phonological awareness accounted for 

76%ofthe variance in Letter-Word Calling;rapid automatic naming accounted for an 

IV 
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additional6%above that already accounted for by phonologicalawareness;visual 

processing accounted for an additional2%,as did auditory processing;finally,auditory 

memoryaccounted for an additional 1%. Whenage is controlled for,phonological 

awareness accounted for60%ofthe variance in Letter-Word Calling;Auditory 

processing accounted for an additional 1%ofthe variance;and visual memoryaccounted 

for less than1%additional variance. Whenage is uncontrolled,phonological awareness 

accountsfor54%ofthe variance for Reading Comprehension and rapid automatic 

naming,visual processing and auditory memory account for7%,4%,1%and 1% 

additional variance,respectively. When controlling for age,phonological awareness 

accountsfor 19%ofthe variance for Reading Comprehension,and auditory processing 

and visual memory each predict an additional 1%ofthe variance,respectively. After 

phonological awareness,the next significant predictor ofTerra Nova Spelling was 

auditory processing accounting for an additional3%ofthe variance when age wasnot 

partialled out. When controlling for age,phonological awareness,auditory processing 

and visual memory predicted Spelling accounting for20%,6%,and3%ofadditional 

variance,respectively. 

These results are commensurate with current research emphasizing the 

predominance ofphonological awareness and support the relative importance ofrapid 

automatic naming,auditory memoryand processing,and visual memoryand processing 

in explaining the acquisitionofbeginning reading. Teachers ofreading will find these 

results usefulin understanding and designing curricula to develop the basic building 



Cognitive Processes 

blocks ofreading. Assuming data continue to supportthe development ofthe TODD, 

school psychologists will benefit from having one test available to diagnose dyslexia, 

rather than having to choose various subtests taken froma variety ofinstruments. 
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1. Introduction 

The purpose ofthis study wastwofold. The primary purpose ofthis study wasto 

determine the relative importance ofcognitive abilities presumed to underlie the reading 

process using a new test ofreading,the Test ofDyslexia and Dysgraphia(TODD) 

(McCallum&Bell, 1999). The underlying processes indicated byrecent research(and 

operationalized via the TODD)to be fundamentalto reading are phonological awareness, 

rapid automatic naming or processing speed,auditory short-term memory,auditory 

processing,visual memory,and visual processing. Scoresfrom subtests assessing these 

processes were used to predict word calling,phonetic decoding and comprehension as 

measured bythe TODD.The second purpose wasto examine how wellthe 

aforementioned underlying processes predict end-of-year reading achievement scores as 

measured by the group achievement test used by the Tennessee State Department of 

Education,the Terra Nova. 

Background Information 

Reading success is critical to overall academic success and is the single most 

important skill elementary students acquire. However,reading is a very complex 

endeavor and many students experience difSculty. In fact,according to the results ofthe 

1999 Tennessee Comprehensive AssessmentProgram,only64 percent ofsecond graders 

in the state were reading at gradelevel and 70percent offifth-graders were"below 
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gifted"(Keim,2000). According to Lyon(1995)and Shaywitz(1998),reading 

disabilities constitute the most prevalenttype oflearning disability(LD),affecting over 

80%oftheLD population. Experts seek to imderstand reading success by studying those 

cognitive processes assumed to underlie reading success and reading failure. In fact,the 

study ofreading problems contributes significantly to imderstanding the acquisition of 

reading skills. Because dyslexia is assumed by many expertsto be the mostcommon 

reading disorder,affecting from around3%to 30percent ofthe population(Spafford& 

Grosser,1996;Shaywitz,1998;&Pennington,1991),researchers spend considerable 

time and energy studying it. However,the study ofreading problems lacks a cohesive 

framework from which to operate. For example,some experts use theterm dyslexia 

interchangeably with reading disability, severe reading disability, severe reading disorder, 

specific reading disability and remedialreader(Spafford&Grosser, 1996). In addition, 

particular constructs believed to contribute to these difSculties are often described with 

differing terms by researchers. That is,the terms phonemic awareness,phonological 

processing,phonological analysis,and phonological sensitivity have been used 

interchangeably to refer to the same set ofskills(Cronin&Carver,1998),though not 

consistently. Furthermore,these skills and subskills are often assessed using different 

measures,introducing another confounding variable. 
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The Developmentofa Working Definition ofDyslexia 

There is no singular definition ofdyslexia in the field to guide research and the 

development ofcriteria for diagnosis and treatment(Vellutino&Scanlon, 1987). 

Without a precise definition ofthe problem to be identified, assessment will more likely 

result in identification ofa variety ofreading disabilities as opposed to one specific 

disability. Therefore,children's specific reading disability may be misidentified and 

treatment maynot necessarily match the needsofthe student(Padget,Knight,and 

Sawyer,1996). 

According to Lyon(1995),a working operational definition ofdyslexia is 

critically needed for identification,intervention and research purposes. He proposesthat 

a valid definition ofdyslexia should be developed with thefollowing criteria as 

guidelines: 1)the definition must be theoretically based and informative asto skills 

necessaryfor reading skill and sourcesofdifficultyfor unskilled readers,2)it should be 

supported by research and clinicalinformation,3)the supporting research should be 

based on studies with well described samples ofsubjects(to reduce confounding 

variables),4)it should be based on inclusionary descriptions ofdyslexia intermsof 

constructsthat can be measured directly,and 5)it should be externally valid in termsof 

providing clear criteria for assessment and instruction. However,manycurrent 

definitions are exclusionary,contain vague criteria,or are based on research evidence 

based on poorly defined samples. 
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Exclusionary dejSnitions define dyslexia by what it is not, oflfering no clear 

conceptualization by which to distinguish children with dyslexia apart fi:om poor readers 

(those with unspecified reading disabilities)(Catts, 1991). Pennington's (1991) 

definition ofdyslexia is an example ofan exclusionary definition:"an unexpected 

diflSculty in learning to read and spell. Unexpected meansthat there is no obviousreason 

for the difficulty,such asinadequate schooling,peripheralsensory handicap,acquired 

brain damage,orlow overallIQ"(pp.45-46). Exclusionary models oblige clinicians to 

diagnose dyslexia by ruling out other possible neurological or cognitive deficits. This 

method is inefficient for both identification and treatment purposes. 

Many definitions ofdyslexia containterminology that is vague and difficult to 

operationalize(Lyon, 1995). For example,Critchley defines dyslexia as"a disorder 

manifested by difficulty in learning to read despite conventionalinstruction,adequate 

intelligence,and sociocultural opportunity. It is dependent upon fimdamental cognitive 

disabilities which are frequently ofconstitutional origins"(as cited by Spafford& 

Grosser, 1996,p.33). This definition published in 1970 is still accepted by the World 

Federation ofNeurology(Spafford&Grosser, 1996). Critchley's broad definition relies 

upon exclusionary criteria that are often difficult to operationalize(e.g.,"conventional 

instruction,""sociocultural opportunity")and therefore measure,making it difficult to 

replicate research findings(Lyon,1995;Martin,1995). In addition,Pennington's and 

Critchley's definitions both suggest that the criteria for diagnosis rely ona discrepancy 
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betweenIQ and reading achievement,a procedure that is being called into question in 

light ofrecent research(Lyon,1995). 

Studies have shownthat little difference exists between discrepant poor readers 

(reading disabled children with highIQs)and reading disabled students with 

commensurateIQ-reading score(nondiscrepant poor readers)on measures ofskills 

considered essentialfor reading(Lyon,1995). For example,Shaywitz,Fletcher, 

Holahan,&Shaywitz(1992)assessed discrepant and nondiscrepant poor readers on 

measuresofvisual perception, manual dexterity,linguistic ftmction and teacher's 

assessment oflearning and behavior and found insignificant differences. Similarly^ 

Fletcher,Shaywitz,Shankweiler,Katz,Liberman,Steubing,Francis,Fowler,&Shaywitz 

(1994)compared discrepant and non-discrepant poor readers on9cognitive variables 

related to reading proficiency. The groups differed little on most measures,and 

particularly on those measuresofphonological awareness,which are the mostrobust 

indicators ofdifferences between reading disabled children and non-impaired readers, 

regardlessofhow reading disability is defined(Lyon,1995). 

Some questions have been raised about the appropriateness ofusing group data 

given the heterogeneity ofdeficits among dyslexics. It is generally accepted that 

dyslexics have varying profiles with different strengths and weakness and that these 

profiles maychange with age(Blachman,1983;Cronin and Carver, 1998). In fact,the 

discovery ofsubgroups within the population ofdyslexics with similar profiles has 

prompted a surge ofresearch on dyslexic subtypes(Roberts and Mather, 1997). When 
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there is a significant difference between impaired groups and control groups,it is often 

erroneously assumed that the finding generalizes to the whole group(Martin,1995). 

These issues have probably contributed to the failure ofsome studies to be replicated and 

have contributed to the continuing debate over the underl5dng cause or causes ofdyslexia. 

Eventhough there is controversy over the cause or causes ofdyslexia(Vellutino, 

1987),several definitions reflect some ofthe mostcommonthemesfound in the current 

literature on dyslexia while meeting the criteria for valid working definitions as set forth 

byLyon(1995). For example,the following definition,developed bythe Orton Dyslexia 

Society,wasrecently adopted by the NationalInstitutes ofHealth: 

Dyslexia is one ofseveral distinct learning disabilities. It is a specific language-

based disorder ofconstitutional origin characterized by difficulties in single word 

decoding,usually reflecting insufficientphonologicalprocessing abilities. These 

difiSculties in single word decoding are often unexpected in relation to age and 

other cognitive and academic abilities;they are not the result ofgeneralized 

developmental disability or sensory impairment. Dyslexia is manifest by variable 

difiiculty with different forms oflanguage,often including,in addition to 

problems in reading,aconspicuous problem with acquiring proficiency in writing 

axid spelling.(Greene,1996;Lyon,1995)[italics added] 

Thefollowing definition was created to guide the work ofthe Tennessee Center for the 

Study and Treatment ofDyslexia and is adopted bythis author for the purposes ofthis 

study: 

6 
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Dyslexia is a language-based learning disorder that is biologicalin origin and 

primarily interferes with the acquisition ofprint literacy(reading, writing,and 

spelling). Dyslexia is characterized by poor decoding and spelling abilities as well 

as deficits inphonologicalawarenessand/orphonological manipulation.These 

primary characteristics mayco-occur with spokenlanguage difiSculties and 

deficits in short-term memory.Secondary characteristics may include poor 

reading comprehension(due to the decoding and memory difficulties)and poor 

written expression,as well as difficulty organizing information for study and 

retrieval."(Padget et al. 1996,p.55)[italics added] 

Contained in these two definitions are the most agreed upon premises in the body 

ofresearch on dyslexia. It is now widely accepted that dyslexia has biological origins, 

and is characterized by deficits in decoding and phonologicalawareness that are 

manifested in difficulties in reading,writing and spelling. 

Biological Evidence 

The emergence ofrecent neuroimaging techniques and genetic studies provides 

evidence that dyslexia is biological, heritable and femilial. The use ofthe fimctional 

magnetic resonance imaging(flVIRI)to examine blood flow in the brain during a reading 

task hasshown difierential patterns in dyslexics and nondyslexics. Shaywitz(1998)and 

colleagues at the Yale Centerfor the StudyofLearning and Attention have identified 

areas ofthe brain that are activated in speech production. Their results showed increased 

activity in this part ofthe brains ofdyslexics. They hypothesize that dyslexics may be 
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trying to find another wayto decode a word due to inefficient pathways(Kantrowitz& 

Underwood,1999). 

Another interesting outcome ofMRIstudies is the discovery ofgenetic 

difference in the brainsofdyslexics. Contrary to previous belief, similar numbersof 

boys and girls are affected with dyslexia. However,fMRI studies onthe brains of 

dyslexics when performing a phonologicaltask reveals that the left frontal gyms is 

J 

activated in males,whereas both the left and right inferior frontalgymsis engaged in 

females(Shaywitz, 1996). This bilateral representation ofthe brains ofwomen may 

explain why dyslexic womentend to compensate better than dyslexic men with then-

dyslexia(Shaywitz, 1996). This difference in the ability to compensate may also be 

implicated in the higher number ofmales being identified more often. 

According to Shaywitz(1998),family history is one ofthe most important risk 

factors. It has been estimated that from23to65 percent ofchildren with dyslexia have a 

parent that has been identified as dyslexic. Furthermore,recent genetic linkage analyses 

suggest autosomal dominanttransmission(Lyon,1995). 

Underlving Processes 

The literature on phonological processing is perhaps the most prolific in the field 

ofdyslexia. Lyon conceptualizes(1995)phonological processing as comprised ofthree 

components: Phonological awareness;phonologicalreceding in lexical access;and 

phonetic receding in working memory(Wagner and Torgeson, 1987). Phonological 

awareness refers to the ability to recognize the parts,patterns and stmctures oflanguage 

8 
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(Rooney,1995). In order to be able to recognize these relationships,a child must 

understand the sound/symbolcorrespondences between44phonemes(the smallest unit of 

sound inthe English language)and letters or combinations ofletters(SpaflFord&Grosser, 

1996). Slow and inaccurate word attack(decoding)and word recognition result when 

there is a compromised awareness ofthe speech-sound constituentsofwords and the 

ability to associate them with symbols(Adams&Bruck 1995;Beck&Juel 1995; 

Liberman&Shankweiler 1979;Lyon,1995). Word calling ofisolated words and/or 

psuedowords(or nonsense words)should be especially difficult for children with 

dyslexia as it is a decoding(i.e.,sounding out phonemesto correctly identify words) 

specific task with no contextual cues. In the absence ofcontext,whole-word 

substitutions are often made more frequently than incorrect attempts at"sounding out" 

(Padget et al., 1996). 

As previously mentioned,spelling is closely related to word-calling,and 

phonological awareness,as it represents the phonologicalcode in reverse. In other 

words,word-calling corresponds to the ability to"move from letters to phonological 

representations"and spelling reveals the ability to"move from phonological 

representations to letters"(Oakland,Black,Stanford,Nussbaum,&Balise, 1998,p. 146). 

According to Padget et al.(1996),spelling skill is superior to word recognition skillfor 

identification purposes because it presentsa clearer picture ofgrapheme-phoneme 

relationship and the child's ability to manipulate them when learning new words. 
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According to the literature, deficits in phonological awareness are causally related 

to reading impairment and are the best predictors ofdyslexia(Catts 1986;Gough& 

Tunmer 1986;Kahmi,Catts,and Mauer 1990;Liberman&Shankweiler 1979;Lundborg, 

Oloffson,&Wall 1980;Lyon 1995;Spafford&Grosser,1996;Wagner&Torgesen 

1987). According to Cronin and Carver(1998),phonological awareness is best assessed 

byrhyme discriminationfor younger children and phoneme deletion and segmentation 

tasks for older children. 

Phonologicalreceding in lexical access is typically assessed bytasks requiring 

rapid retrieval ofcolors,objects or letters and is considered to reflect the process of 

automatization(Lyon,1995). Thus,phonologicalreceding may be directly dependent 

upon speed. According to Cronin and Carver(1998),"children with severe reading 

problems have diflSculty with more generalautomatic responses,such as naming the days 

ofthe week and the monthsofthe year or reciting multiplication tables."Increasingly, 

evidence showsthat rapid naming,along with measuresofphonological processes,are 

the best predictors(or predict significant variance)ofreading achievement. For example, 

Felton(1992)found that atask ofspeed ofnaming letters and two measuresof 

phonological awareness correctly identified 89%ofsuperior readers and all the poor 

readersin the study(when controlling for IQ). 

Rapid naming has beenshownto predict word calling better than comprehension. 

Therefore,rapid naming seemsto be more related to orthographic skill and automaticity 

than to other reading components(Cronin&Carver,1998). Wolf(1999)found that 

10 
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children generally fall into four subgroupsofreading ability. The first group is 

composed ofaverage readers with no deficits. The second is composed ofchildren with 

intact decoding skills but have naming speed deficits. The third group is composed of 

children with phonological awareness deficits who have poor decoding but adequate 

naming speed skills. The second and third groups have moderate comprehension deficits. 

However,children in the fourth group have"both naming-speed and phonological 

awareness problems and pervasive problems in word attack, word identification,and 

comprehension"(Wolf,1999,p.13). This so-called"double deficit"subtype is the most 

seriously impaired as they have no compensatoryroute to reading and as such,are the 

most at risk for dyslexia. 

Based onrecent research. Wolfhas hypothesized that naming speed maybe an 

index ofdysfunction in lower-level processesthat contribute to a rate ofprocessing 

problem that may affect various aspects ofreading. This line ofresearch has contributed 

to the debate over whatrapid automatic naming(RAN)measures. Studies investigating 

the relationship ofRAN to other predictors ofreading,indicate that processing speed has 

animpactonRAN but also impacts phonological awarenessand memory(Denckla& 

Cutting, 1999). Therefore,whileRAN is mostly accounted for by processing speed,it 

does not umquely measure processing speed as there is significant overlap with 

phonological awareness and memory.Therefore,phonological awareness,rapid naming 

and rote memorization are essentialelementsofthe definition ofdyslexia,thus,these 

elements need to be assessed as part ofdeveloping a diagnosis. 

11 
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Operationalization ofphonetic receding(i.e., phonemic manipulation)in working 

memory may occur using digit span,word and sentence span tasks and thus,reflects a 

strong short-term memorycomponent(Shaywitz, 1996). Dyslexics have been shownto 

have ineflScient short-term and long-term memories,which affects"phonological 

encoding ofinformation,the use ofrehearsal strategies and retrieval cues,and 

organizational and evaluative strategies"(Spaflford&Grosser, 1996). Auditory short-

term memory is evidenced by diflSculty in recalling isolated words,letters or numbers 

sequentially. Dyslexics' difficulty processing information aurally is believed to be 

related to underlying difficulty processing syntactically complex language. Whentrying 

to retrieve information rapidly,related phonemes or incorrectly ordered phonemes are 

often recalled(Sha5witz, 1996).Thustasks such as spelling and recalling telephone 

numbers are especially problematic for dyslexics. Measuresofauditory closure(tasks 

such as identifying an incomplete word presented orally)and auditory memory(such as 

word memory or digit spantasks)can assist in arriving at a diagnosis(Greene,1996). 

There is growing evidence that the assessment oflistening comprehension is 

essential in the diagnoses ofdyslexia. Hoover and Gough(1990)found that by 

measuring decoding and listening comprehension and multiplying these measures,one 

can almost perfectly predict how wellchildren read(Gough,1996). In addition,"there is 

increasing evidence that listening comprehension scores are a better predictor ofreading 

achievement and that the relationships among oraland written language skills contributes 

moreto understanding reading problemsthan the discrepancy betweenIQ and reading 

12 
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achievement"(Padgetet al, 1996,p.59), However,listening comprehension is not often 

included in assessment batteries when investigating IQ-achievement discrepancy. 

Recent scientific research has eradicated the once widely held beliefthat dyslexia 

is a visual perceptual deficit. Instead,dyslexics"usually perform quite normally on 

visual-spatial tasks while demonstrating severe deficits in tasks ofauditory or visual 

temporal processing,motor sequencing,phonological processing and memory,language, 

reading,and spelling"(Tallal&Fitch, 1993,pp.168-69). Visual sequential memory 

problems are common among dyslexics as evidenced by their difficulty with sequential 

recalling ofletters, words and numbers. However,recallfor objects or designs is usually 

at least average and visual-spatial-motor integration is often a talent among dyslexics 

with no other co-morbid diagnoses(Greene,1996). 

Automatic,fluent reading cannot be achieved without mastery ofthe crucial 

componentsofreading. Reading comprehension will be seriously compromised when so 

much cognitive effort is put into decodiog individual words(Rooney,1995).The degree 

to which reading comprehension is affected will depend onthe dyslexics' ability to use 

context to achieve word recognition. Dyslexics willtypically have better listening 

comprehension scores than reading comprehension butthe levelofdiscrepancy will 

depend on the individual's word identification skills(Vellutino,Scanlon,&Tanzman, 

1994). In other words,dyslexic children with better developed word identification skills 

will have reading comprehension scores more in line with listening comprehension skills 

(Padget et al., 1996). 

13 
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Padget's group suggests that dyslexics often exhibitthe following profile: 

listening comprehension is greater than reading comprehension;reading comprehension 

is greater or equalto word recognition;word recognition is greater than or equalto 

spelling;spelling is greater than or equalto decoding;decoding is greater than or equalto 

phonologicalawareness. Therefore,in most cases,listening comprehension should 

represent a strength, while phonological awareness should reveala significant deficit 

since this skill is the core deficit area ofdyslexia. 

Scoresfor word recognition and reading comprehension subtests are usually used 

in the school setting to representreading ability. However,a specific diagnosis of 

dyslexia cannot be made without measuring the other essentialcomponentsofreading. 

Padget et al.(1996)assert that the performance onthese criteria need to be considered 

independently and asthey relate to one another. 

Currently,there are measuresofmanyofthese constructs available,but not in one 

test designed solely to assess dyslexia, i.e., there is no single test ofdyslexia. The best 

attempt to operationalize manyofthese underlying processes comes fi-om Richard 

Woodcock and his colleagues(1989). The Woodcock-JohnsonPsycho-Educational 

Battery-Revised(WJ-R),contains measures ofanumber ofcognitive abilities presumed 

to most strongly underlie reading;severalofthese comprise the Reading Aptitude Cluster 

as identified bythe WJ-R authors; 

14 
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1. Memoryfor Sentences is a measure ofshort-term auditory memoryand is 

assessed by the ability to remember and repeat single words,phrases and 

sentences(Mather,1991,p.20). 

2. Visual Matching is a measure ofprocessing speed and is assessed by"the ability 

to locate and circle the two identical numbersin arow ofsix numbers"with an 

ascending order ofdifficulty with atime constraint of3 minutes(Mather,1991,p. 

20). 

3. Sound Blending is a measure ofauditory processing and is assessed by the 

"ability to integrate and then say whole words after hearing parts(syllables and 

/or phonemes)ofthe words" (Mather,1991,p.22). 

4. Oral Vocabularyis a measure ofword meanings using antonymsand synonyms. 

To measure Antonym knowledge,"the subject must state a\vord opposite in 

meaning to the word presented." To measure synonyms,"the subject must state a 

word similar in meaning to the word presented"(Mather,1991,p.22). 

These and other cognitive subtests are related to word recognition,decoding and 

comprehension,the principal componentsofreading. Onthe WJ-R,decoding is 

measured by Word Attack(applying phonic analysisto the pronunciation ofnonsense 

words)and word recognition is measured byLetter-Word Identification(identifying 

symbols,letters,and wordsin isolation). The correlations between the WJ-R's cognitive 

subtests thought to underlie reading.Memoryfor Sentences,Visual Matching,Sound 
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Blending,and Oral Vocabulary and Word Attack are.37,.36,.48, .47, respectively. The 

correlations between the aforementioned cognitive subtests and Letter-Word 

Identification are.46, .38, .43,.64,respectively. 

The WJ-R subtests that measure reading comprehension are Passage 

Comprehension and Reading Vocabulary. Passage Comprehension involves identifying 

the correct missing key word in areading passage,while Reading Vocabulary requires 

reading words and supplying an appropriate antonym or synonym.The correlations 

between Memoryfor Sentences, Visual Matching,Sound Blending,and Oral Vocabulary 

and Passage Comprehension are.45,.35,.43,.64,respectively. The correlations between 

these same cognitive subtests and Reading Vocabulary are.50,.35, .41, .76,respectively. 

Other measures are also related to reading,but not as strongly. For example,listening 

comprehension,written composition,visual processing,spelling, punctuation, 

capitalization and usage are considered important elements in a complete assessment of 

reading disorders. While the WJ-R offers these subtests in either the cognitive or 

achievement batteries,they are not contained in a single batteryfor the expressed purpose 

ofidentifying dyslexia. 

A new test,the Test ofDyslexia and Dysgraphia(TODD)(McCallum&Bell, 

1999),contains allthe subtests generally considered necessaryto make the diagnosis. 

ManyoftheTODD subtests are similar to severalofthe WJ-R subtests.For example,the 

subtest on the TODD that correspondsto the WJ-R's Memory ofSentences is Word 

Memory which also measures short-term auditory memory. Similar to VisualMatching 
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on the WJ-R,the TODD's VisualProcessing Accuracy and Speed is measure of 

processing speed. Auditory processing is measured by Auditory Gestalt onthe TODD, 

while WJ-R's auditory processing subtest is Sound Blending. Both Oral Vocabulary 

fromthe WJ-Rand Vocabularyonthe TODD measure word meaning and are also 

measuresofgeneral intelligence. Since factor analyses ofthe WJ-Rfound these subtests 

to best comprise the Reading Aptitude Cluster,the corresponding TODD subtests should 

hypothetically make-up a similar cluster. However,the TODD contains several measures 

assumed to be related to reading that are not offered on the WJ-R. These measures 

include an operationalization ofprocessing speed(or rapid automatic naming)more 

ecologically related to reading(Rapid SymbolNaming)than the processing speed subtest 

ofthe WJ-R. In addition,theTODD includes a listening comprehension subtest, 

assessment ofregular and irregular spelling words,and a unique measure ofphonemic 

awareness,all operationalizations important to understanding reading but notfound on 

the WJ-R. 
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2. Statementofthe Problem 

Currently,reading disabilities are usually diagnosed whena discrepancy between 

intelligence and reading achievement occurs. This method does not differentiate among 

types ofspecific reading disabilities,including dyslexia. With an unspecified diagnosis 

ofreading disability,teachers maynot have adequate information forthe most 

appropriate and efficient intervention. Thus,it is important to obtain good operalizations 

ofthe various cognitive and achievement based characteristics. Then it is important to 

understand how these elements arejuxtaposed,leading to specific diagnoses. 

Current diagnostic procedures usually require intelligence testing and a battery of 

reading tasks. While these results can be used to satisfy the IQ-achievement discrepancy 

for identification purposes,these methods often offer an inadequate profile ofstrengths 

and weaknesses with little treatment validity. In addition,according to the hterature,the 

IQ-discrepancyformula is inappropriate for diagnostic and treatment purposes because 

knowledge ofa discrepancy does not lead to an awarenessofthe cognitive constructs 

underlying reading disabilities, which is criticalfor accurate diagnosis and treatment. 

However,using currently available measures it is difficult to obtain the data needed to 

provide a comprehensive assessment ofcognitive and achievement variables needed for a 

diagnosis', it is necessary for subtests to betaken firom a variety oftest batteries. These 

procedures can be cumbersome and results may be difficult to interpret(e.g., different 

standardization samples used in the developmentofdifferent instruments are directly 

18 



Cognitive Processes 

compared eventhough the data from one test may be considerably older than data from 

another). In short,there is not one test available which provides measuresofall ofthe 

constructs necessary to diagnose dyslexia based on current research. 

The TestofDyslexia and Dysgraphia(TODD)(McCallum&Bell, 1999)has both 

the intelligence component and reading achievement component necessaryto meet state 

regulationsfor diagnosis ofreading disabilities,and it includes measuresofall the 

constructs needed for the specific diagnosis ofdyslexia. 

TheTODD offers a battery ofsubtests designed to provide measuresonthe 

underlying processes considered essential to reading in one test. TheTODD includes all 

the components necessary for diagnosing dyslexia based on the liierarchy ofstrengths and 

weaknesses considered typicalfor the profile ofa dyslexic child(Padget et al., 1996). 

Using the TODD,it is possible to operationalize a dyslexia profile,asfollows: 

1. IQ,VisualProcessing Accuracy(VPA)and Listening Comprehension(LC) 

equalto or greater than 85. 

2. LC,IQ,VPA greater than Reading Comprehension(RC). 

3. Letter/Word Calling(LWC)and VisualProcessing Speed(VPS)equalto or 

less thanRC and less than LC,IQ,and VPA. 

4. Spelling equalto or lower thanLWCand less than LC,IQ,and VPA. 

5. LWCequalto or greater than Auditory Gestalt(AG),Phonological 

Awareness(PA)and/or Rapid SymbolNaming(RSN). 

6. AG,VPS,Word Memory(WM),PA,and/orRSN belowIQ. 
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TheTODD provides operationalizations ofthe various components underlying 

reading. Thus,scores from the relevant subtests can be used in a predictive fashion to 

determine which ofthe cognitive elements are most critical. Scores from the WJ-R have 

been used in this fashionto some extent. However,there is a need to measure the relative 

predictive capability ofthese cognitive abilities independently ofthe WJ-R. In addition, 

there is a need to use a more inclusive set ofpredictor variables,i.e., all the major 

variables thought to imderlie reading. In this study,the following variables will become 

predictors in a multiple regression format: 
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3.Research Questions 

1. What is the relative capability ofthe various cognitive components:phonological 

awareness(Phonological Awareness),rapid automatic naming(Rapid Symbol 

Naming),auditory short-term memory(Word Memory),auditory processing 

(Auditory Gestalt), visual memory(Memoryfor Symbols)and visual processing 

(VisualPerceptual Speed and Accuracy)thought to underlie reading to predict 

basic reading skills(as measured bytwo criteria: Letter-Word Calling and 

Decoding),as measured by the TODD? 

2. What is the relative capability ofthe various cognitive components thoughtto 

underlie reading to predict comprehension(Reading Comprehension),as 

measured bythe TODD? 

3. What is the relative capability ofthe various cognitive componentsthought to 

underlie reading to predict decoding(Spelling),as measured by the Terra Nova? 

4. What is the relative capability ofthe various cognitive componentsthoughtto 

underlie reading to predict reading composite(Vocabulary and Reading 

Comprehension),as measured by the Terra Nova? 
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4. Methods 

Participants 

Participants in this research study were 105 studentsfrom an elementary and 

middle schoolin a rural county in East Tennessee.The student population ofthe 

participating schools was predominately Caucasian,with2% African American and less 

than 1%Hispanic Students. Participants were drawn from a school located in a 

somewhateconomically depressed area. Fifty-one percent ofthe families ofthe 

population ofthe students are below the poverty level,as defined by eligibility for the 

federallyfunded free orreduced fee lunch program. Students from kindergarten through 

sixth grade were randomly selected to participate based onthe return ofsigned 

permission slips. There were50 males and 55 females in the study. Agesranged from5 

through 12. Four children in the study were receiving special education services. 

However,6have been identified with speech and language problems,9as reading 

disabled,3as mathematics disabled,and 3 have written expression disabilities. 

Instruments 

The TODD is an individually administered test battery designed for children ages 

5-12to provide the information necessary fisr a diagnosis ofdyslexia and dysgraphia.It 

was developed to assess dyslexia according to aformula developed by Padget,Knight, 

and Sawyer(1996)that provides measures necessaryto identify a characteristic profile of 

children with dyslexia. They suggest a profile such that intelligence and listening 
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comprehension are approximately average(e.g.,greaterthan 85 ona generalIQ test),that 

reading comprehension and auditory processing are less than listening comprehension 

and IQ,that word recognition is equalto or less than reading comprehension and less 

than listening comprehension andIQ,that phonetic decoding is equalto or less than word 

recognition,and that phonemic awareness is well below age expectation. Also,in order to 

rule out reading problems due to the effects ofvisual- perceptual/processing problems, 

scores ona motor reduced test ofvisual perception should be obtained and should be in 

the average range. 

TheTODD is comprised of14 individual subtests. Two subtests are used to yield 

an estimate ofthe examinee's generallevelofcognitive functioning. Thesetwo subtests 

are Vocabulary,which measures word knowledge,and Matrix Analogies which assesses 

a cliild's levelofnon-verbalreasoning. Split-halfreliabilities were calculated and are.88 

and.87,respectively. 

Five ofthe subtests measures a child's achievement in areas associated with 

reading ability. They include:Letter-Word Calling,Decoding,Reading Comprehension, 

Spelling,and Listening Comprehension.Letter-Word Calling assesses letter and sight 

word recognition.Decoding measuresthe ability to decode nonsense words by their 

phonetic properties. Reading Comprehension measuresthe ability to comprehend written 

passages. Spelling assessesa child's ability to spell both phonetically regular and 

irregular wordsin isolation. Listening Comprehension assesses the ability to comprehend 

meaningfulinformation presented orally. Reliability indices are.96, .96, .97.92,and.92, 
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respectively. In addition,a dysgraphia measure, Written Composition,is included and 

assesses basic writing skills(e.g.,punctuation,organization,fluency,and detail)and 

legibility(e.g.,spacing,letter formation and size,and pencil pressure and grip). 

Certain subtests are presumed to assess underlying cognitive abilities. These 

include: Phonological Awareness which measuresthe ability to manipulate phonemesin 

phonetically regular psuedowords.Word Memory which measures auditory memory,and 

Auditory Gestalt which measures auditory processing and is divided into two parts 

measuring the ability to accurately process incomplete words(Closure)and synthesize 

phonetically divided words presented orally(Synthesis). Reliabilities for these subtests 

are.91, .70, .80, and.80,respectively. Rapid SymbolNaming,a measure ofrapid 

automatic naming,assessesthe processing speed and accuracy with which children can 

call letters and numbers. Reliability measures are not appropriate for Rapid Symbol 

Naming as it is a continuous rather than discrete trial task. 

Visual processing and processing speed are measured by VisualPerceptual 

Accuracy and Speed. VisualPerceptual Accuracy and Speed is divided into two parts. 

VisualPerceptual Accuracy and Speed 1(Discrimination)measuresthe ability to visually 

discriminate similar stimuK accurately undertime constraints. VisualPerceptual 

Accuracy and Speed2(Closure),measuresthe ability to complete visually incomplete 

stimuli undertime constraints. The speeded portion ofthese tasks measures processing 

speed in a manner similar to the Wechsler Intelligence Seale for Children III(WISCIII) 

(Wechsler,1991)and the Woodcock Johnson- Revised Tests ofCognitive Ability 
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(Woodcock&Mather, 1989). There is a visual memory(Memoryfor Symbols)subtest 

as well which measuresa child's ability to remember a group ofunrelated letters 

presented visually. Split-halfreliability is.91 for VisualPerceptual Accuracy and Speed 

1 (Discrimination),.91 for VisualPerceptual Accuracy and Speed2(Closure),and.86 

for Memoryfor Symbols(visual memory). 

The Terra Novais a group administered achievement battery administered to 

children in Tennessee;it is designed to measure concepts,processes,and skills that 

reflect educational objectivesfound in state, district and national standards guidelines 

(Terra Nova Technical Bulletin, 1996). A portion ofthe TerraNova consists ofthe 

nationally normed Comprehensive Tests ofBasic Skills(CTBS-4)measures(1989). The 

criterion measures used in this study are taken from the CTBS-4. Since kindergarten and 

1st grade students are not administered the Terra Nova,scores from a total of73 students 

were obtained.The Terra Nova Reading Composite is comprised oftwo subtests, 

Reading Comprehension and Vocabulary. Comprehension items require the student to 

indicate the central meaning ofa passage and progress from initial understanding to 

interpretation and evaluation. Onthe Vocabulary subtest students are required to select 

the most appropriate word to reflect the meaning ofa passage. Measures ofknowledge 

ofsynonyms,antonyms,and multi-meaning words are also contained in the Vocabulary 

subtest. Since the tasks included onthe Vocabulary subtest are heavily reliant on 

comprehension and group administered achievement testssuch asthe Terra Nova do not 

lend themselves wellto measures ofdecoding,the Spelling subtest is used asa criterion 
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ofdecoding as it is more closely related to word-calling and phonological awareness. 

Vocabulary and Reading Comprehension,which comprise the Reading Composite,will 

be used asthe Comprehension criterion. 

CoeflBcient alpha was used to determine internal consistency. The split-half 

coefficient correlation was adjusted using the Spearman-Brown formula. Reliabilities for 

Reading Comprehension range fi-om.90to.93 for gradestwo through six. Vocabulary 

reliabilities range from.82to .87.The Reading Composite reliabilities range from.93 to 

.95. Spelling reliabilities range from.72to.82 

Procedures 

Permission slips were provided to each student at an elementary and middle 

schoolin aruralcounty in East Tennessee. Students were randomly selected from those 

with signed permission. Selected students were informed asto the nature and 

approximate length ofthe TODD.The examiner explained that participation was 

voluntary and that the student could drop outofthe study at anytime without penalty. 

Investigators or assistants tested each student individually.The test requires 

approximately one and one halfhours and was administered during school hours at a time 

deemed most appropriate by the student's teacher. Testing wasconducted on school 

grounds in classrooms and/or offices according to privacy and availability. 

Test results are confidential and do not contain names or identifying information. 

TerraNova scoresfor participating students were provided by school personnel. Testing 

materials were coded should parents or teachers requestfeedback ona particular student's 
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results.Ifrequested,feedback was given in terms ofstrengths and weaknesses,and 

recommendations were provided. 

TODD subtest scoresfor each student were calculated based onraw scores 

(number ofitems correct and completion times on speeded tasks). TerraNova scores 

were in the form ofNational Curve Equivalents with a mean of50and standard deviation 

of21.06. These scores were used to answer thefollowing research questions: 

1. What is the relative capability ofthe various cognitive componentsthought to 

underlie reading to predict word calling and decoding,as measured by the 

TODD? 

2. Whatis the relative capability ofthe various cognitive componentsthoughtto 

underlie reading to predict comprehension,as measured by the TODD? 

3. What is the relative capability ofthe various cognitive componentsthoughtto 

underlie reading to predict decoding(Spelling),as measured bythe Terra Nova? 

4. Whatis the relative capability ofthe various cognitive componentsthoughtto 

underlie reading to predict Reading Composite,as measured bythe Terra Nova? 

Because predictive and criterion variables were influenced by maturation and because 

standard scores were not yet available on the TODD,asecond series ofMultiple 

Regression Analyses were computed for allresearch questions with age partialled out. 

That is,age wasforced into the equation asthe first variable. 
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5.Results 

Data necessary to address the research questions are showninthe Results section 

ofthis study. The first question addresses the relative capability ofthe following 

cognitive componentsto predict basic reading skills(as assessed bytwo dependent 

variables.Letter-Word Calling and Decoding fî om the TODD): phonological awareness 

(Phonological Awareness),rapid automatic naming(Rapid SymbolNaming),auditory 

short-term memory(Word Memory),auditory processing(Auditory Gestalt), visual 

memory(Memoryfor Symbols)and visual processing(VisualPerceptual Accuracy and 

Speed)as measured by the TODD. The second question investigates the capability of 

these same cognitive components to predict a third dependent variable,Reading 

Comprehension,as measured bythe TODD. The third and fourth research questions 

focusonthe capability ofthe cognitive componentsas operationalized bythe TODD to 

predict decoding(Spelling)and reading(Reading Composite composed ofthe 

Vocabulary and Reading Comprehension subtests)as measured by the Terra Nova. 

Raw scores were obtained on participants ranging in age fi-om5to 12 years old. 

Descriptive statistics show means and standard deviations ofcognitive and criterion 

variables(see Table 1;all tables are contained in the Appendices).A correlation matrix 

showsrelationships among the cognitive and criterion(reading)variables(see Table 2). 

To determine the relative predictive ability ofthe cognitive components,step-wise 

Multiple Regression Analyses(MRA)were conducted according to two equations. 
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Multiple Regression Analyses were conducted with and without age entered as a 

predictor variable;age wasentered first in each equation ofthe second set ofregression 

analyses to accountfor the developmentalinfluences inherent in the predictor variables. 

Observation ofthe correlation matrix showsthat all predictor and criterion 

variables are moderately to highly correlated,ranging fi-om -.30to.91.In particular, 

correlationsamong cognitive predictor variables are significantly related,suggesting 

considerable overlap. 

Research Question 1 

Letter-Word Calling and Decoding firom the TODD are the dependent variables 

examined in Question 1. PhonologicalAwareness accounted for76%ofthe variance in 

Letter-Word Calling;Rapid SymbolNaming Ratio(derived by dividing accuracy by timp. 

completed)accountsfor an additional6%above that already accounted for by 

Phonological Awareness;VisualPerceptual Accuracy and Speed2(Closure)accountsfor 

an additional2%,as did Auditory GestaltB(Synthesis);finally. Word Memory 

accounting for an additional 1%(see Table 3).Phonological Awareness explains83%of 

the variance in Decoding and no other predictor variable contributes significantly. The 

relationships between predictor and criteria variables were also examined after 

controlling for age.Age accountsfor55%ofthe variance in Letter-Word Calling; 

Phonological Awareness accountsfor an additional32%ofthe variance;Auditory 

GestaltB(Synthesis)accoimtsfor an additional 1%;and Memoryfor Symbols accounts 

for less than 1%ofthe variance(see Table 4). Age accountsfor23%ofthe variance in 
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Decoding;Phonological Awareness accounts for an additional60%ofthe variance and 

Word Memory accountsfor lessthan1% more. These results are shownin Tables5 and 

6. 

Research Question2 

The second research question addresses the relative capability ofthe following 

cognitive componentsto predict Reading Comprehension as measured by the TODD: 

phonologicalawareness(Phonological Awareness),rapid automatic naming(Rapid 

SymbolNaming),auditory short-term memory(Word Memory),auditory processing 

(Auditory Gestalt), visual memory(Memoryfor Symbols)and visual processing(Visual 

Perceptual Accuracy and Speed). Phonological Awareness,Rapid SymbolNaming,and 

VisualPerceptual Accuracy and Speed 1 (Discrimination),VisualPerceptual Accuracy 

and Speed2(Closure),and Word Memory are all significant predictors ofReading 

Comprehension.Phonological Awareness accounts for54%ofthe variance.Rapid 

SymbolNaming predicts an additional7%,VisualPerceptual Accuracy and Speed 1 

(Discrimination)predicts4%,and VisualPerceptual Accuracy and Speed2(Closure)and 

Word Memory each accountsfor an additional1%ofthe variance. After controlling for 

age.Phonological Awareness,Auditory GestaltB(Synthesis)and Memoryfor Symbols 

significantly predict Reading Comprehension. Age accoxmtsfor48%ofthe variance; 

Phonological Awareness accountsfor 19%ofthe variance;and the three remaining 

variables predict an additional 1%,ofthe varianee each,respectively. Complete statistical 

data are presented in Tables7and 8. 
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Research Questions3&4 

The third and fourth research questions address the relative capability ofthe 

various cognitive components as measured bythe TODD to predict Terra Nova Spelling 

(Research Question3)and the Reading Composite(Research Question 4),which is 

comprised ofVocabulary and Reading Comprehension.Phonological Awareness is the 

best predictor ofSpelling,explaining 21%ofthe variance. The second best predictor of 

Spelling is Auditory GestaltB(Synthesis),explaining an additional4%ofthe variance. 

When age is entered first in the equation,age accoimtsfor5%ofthe variance; 

PhonologicalAwareness is the second best predictor ofSpelling,accounting for20%of 

the variance. Memoryfor Symbolsand Auditory GestaltB(Synthesis)accountfor6% 

and3%ofadditional variance,respectively. Complete statistical data are found in Tables 

9and 10. 

Phonological Awareness is the only significant predictor ofReading Composite, 

accounting for49%ofthe variance. After controlling for age,it accounts for8%ofthe 

variance in Reading Composite. Phonological Awarenessisthe second best predictor of 

Reading Composite,contributing46%ofthe variance. VisualPerceptual Accuracy and 

Speed2(Closure)accountsfor an additional3%ofthe variance. Tables 11 and 12 

contain complete statistical data. 
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6. Discussion 

The purpose ofthis study wasto determine the relative predictive importance of 

cognitive constructs to predict reading ability. The imderlying cognitive processes 

indicated by recent research to befundamentalto reading are phonological awareness, 

rapid automatic naming,which is related to processing speed,auditory short-term 

memory,auditory processing, visual memory,and visual processing. Scoresfrom 

subtests assessing these processes were used to predict Letter-Word Calling,Decoding 

and Reading Comprehension as measured by the TODD.The second purpose wasto 

examine how wellthe aforementioned underlying processes predict end-of-year reading 

achievement scores as measured by the achievement test used by the Tennessee State 

DepartmentofEducation,the Terra Nova. 

Results are commensurate with current research which supportsthe 

predominance ofphonological awareness and the relative importance ofrapid automatic 

naming,auditory memoryand processing in the prediction ofreading. In addition, 

current findings supporta small but significant influence ofvisual memoryand 

processing in predicting and diagnosing dyslexia(Wolf,1999&Denckla&Cutting, 

1999). 

Inability to develop basic decoding and word calling skills constitutesthe most 

commontype ofreading disability,and is often referred to as dyslexia.Emerging 

research findings emphasize the importance ofphonologicalawareness in the acquisition 
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ofthese very basic reading skills(see Lyon,1995&Shaywitz, 1998). Phonological 

awareness is often implicated asthe mostimportant cognitive variable underlying 

development ofearly reading,and is sometimes described as awarenessofand access to 

the sound structure oflanguage. Infact,recent research has suggested a phonologic-

deficit modelofdyslexia in which lower-order linguistic(phonologic)fimctions 

necessary to decode and identify words"block access to higher-order processes and to 

the ability to draw meaning fi-om text"(Shaywitz, 1998,p.308). Therefore, deficits in 

phonological awareness impact significantly early acquisition ofdecoding and reading 

skills, and cause pervasive reading difficulties,regardless ofintelligence and age. In fact, 

phonological awareness has beenfound to accountfor between50%to 75%ofthe 

variance in beginning reading scores(see Pennington, 1991,&Elbro,Borstrom,& 

Peterson, 1998). And the link between phonological awareness and the basic skills 

assessed by the TODD are apparentfrom a task analysis ofthe demands ofthe subtests. 

That is,the basic reading skills subtests(Letter-Word Calling and Decoding)assess the 

ability to identify sounds associated with basic letters, syllables,and words. These are 

skills that are often considered operationalizations ofthe reading process. 

AlthoughPhonologicalAwareness is the strongest predictor ofLetter-Word 

Calling,it is notthe only significant predictor;Rapid SymbolNaming,VisualPerceptual 

Accuracy and Speed 2(Closure),Auditory GestaltB(Synthesis)and Word Memory 

accountfor additional variance. So,eventhough phonological awarenessseemsto be an 

essential element necessary to identify basic sound-symbolrelationships,certain other 
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skills are also important. Thatis,the abilityto perceive accurately and call quicklythese 

grapheme/phoneme constituents is also one ofthe mostimportant precursors ofaccurate, 

fluid reading,as indicated previously byElbro,Borstrom&Peterson,(1998);Roberts& 

Mather(1997),Shaywitz(1996),and Cronin&Carver(1998). 

Phonological Awareness is by far the most robust predictor ofDecoding,the 

second criterion variable. In fact,the TODD'sPhonologicalAwareness predicts 

Decoding better than it predicts Letter-Word Calling. Although Letter-Word Calling and 

Decoding subtests both assess begimiing reading,they do so in a different manner. 

Decoding is defined on the TODD asthe ability to oraUy produce the sounds ofletters 

and to call nonsense words. Onthe other hand,Letter-Word Calling involves the 

recognition offamiliar words. Decoding relies more onthe awareness ofthe sound 

symbolrelationships because the child is required to read phonetically regular nonsense 

words.Recentresearch hasshown phonological awareness to be a better predictor of 

phonologicalreceding ofnonsense wordsthan decoding ofreal words.For example, 

results Ifom a Danish study ofadults with and without a history oflearning problems, 

indicated the ability to call non-words matched individualsto reading histories better than 

real word reading and reading comprehension(see Elbro et al., 1998). The TODD's 

Phonological Awareness subtest requires discriminating between similar sounds and 

identifying sound additions or deletions Jfrom nonsense words. The similarities between 

the task demandsofPhonological Awareness and Decoding likely accountforthe very 

strong predictive relationship between the two. ^ 
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Advanced reading skills are also predicted strongly by phonological awareness. 

TODD subtestsPhonological Awareness,Rapid SymbolNaming,VisualProcessing 

Accuracy and Speed 1 (Discrimination),VisualProcessing Accuracy and Speed2 

(Closure),and Word Memory are significant predictors ofReading Comprehension,and 

predict in that order(Research Question 2). These results are consistent with the findings 

firom Cornwall(1992),who investigated the relationship between phonological 

awareness,rapid naming,and working memory;in particular,she examined the extent to 

which these cognitive variables are interrelated (i.e., all aspects ofan overall 

phonological ability). Also,she examined the ability ofphonological awareness,naming 

speed,and verbal memoryto predict word attack(i.e., decoding)word identification, 

reading comprehension,and spelling for54nine-year-old children with reading 

disabilities. After controlling for age,socioeconomic status(SES),behavior problems 

and verbalIQ,phonological awareness best predicted word attack(i.e., decoding), 

spelling,and reading comprehension scores;however,rapid letter naming added 

significantly to the prediction ofword identification and prose passage speed and 

accuracy scores;also,a word list memorytask added significantly to the prediction of 

word recognition scores. Cornwallconcluded that performance on tests ofphonological 

processing,rapid naming and word-list memory added unique sharesofvariance inthe 

academic achievement ofreading disabled children,adding to the literature showing the 

power ofphonological awareness,processing speed and memoryto predict reading. 
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Asin Cornwall's study(1992),phonological awareness wasfound to bethe most 

significant predictor ofdecoding,spelling,and reading comprehension;however,other 

variables are also important in predicting reading.For example,the TODD'srapid 

automatic naming subtest,Rapid SymbolNaming,added significant variance to word 

recognition(Letter-Word Calling),decoding,and reading comprehension. Also, 

consistent with Cornwall's findings emphasizing the importance ofmemory,the TODD's 

Word Memory subtest significantly predicts word recognition(Letter-Word Calling)and 

reading comprehension.Although manyofthe conclusions reached by Cornwall are 

similar to those drawn fi-om this study,there weresome salient difierences in the 

operationalization and methodology betweenthe two. For example,the relationships 

among the dependent variables and reading skills in Cornwall's study were based ona 

sample ofchildren referred for assessment due to significant spelling and reading 

impairments,whereas the sample in this study wasrandomly selected and is generally 

representative ofthe"normal"population.In addition,the measures in Cornwall's study 

were taken from a variety ofinstruments,i.e.,the Wechsler intelligence Scale for 

Children-Revised(Wechsler,1974),the Wide Range Achievement Test-Revised(Jastak 

& Wilkinson, 1984),and the Gray OralReading Tests-Revised(Wiederholt&Bryant, 

1986)whereas allthe measuresfor this studycame fromthe TODD. Given these 

differences,the similarity in findings across the two studies attests to the capability of 

phonological awareness,rapid automatic naming,and memoryto predict reading. 
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Cornwall's(1992)study indicated the relative importance ofphonological 

awareness,processing speed and memoryto predict reading;however,she did not 

include any visual processing measures in her study and could not evaluate the relative 

importance ofthat variable. In this study,both VisualProcessing Accuracy and Speed 

subtests.Discrimination and Closure,were found to be significant predictors ofReading 

Comprehension;similarly. VisualProcessing Accuracy and Speed2(Closure)wasa 

significant predictor ofLetter-Word Calling. Also,results fi-om recent research suggest 

that visual processing speed and accuracy are related to rapid automatic naming,and 

these measures are significantly correlated in this study(see Table 2). Importantly, 

Galaburda,Menard,&Rosen(1994)assessed severalcognitive abilities assumed to be 

fimdamentalto reading,including rapid automatic naming and the perception ofshapes. 

Theyfound that the group ofcells responsible for rapid processing ofshapes,the 

magnocellular system in the subcortical center in the thalamus,is compromised. 

Apparently this area within the thalamus is responsible for coordinating rapid visual 

processing,a basic skill necessary for acquisition ofreading. Similarly,Chase(1997) 

found visualflicker-fusion performance ofdyslexic childrento be significantly delayed. 

That is, relative to peers,they exhibited longer interstimulus intervals(ISIs). These 

studies provide evidence that dyslexic children have slower rates ofprocessing and 

decreased quality ofvisualinformation and thatthese limitations appear directly tied to 

central nervoussystem functioning. Consistent withthe findings ofGalaburda et al. 
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(1994)and Chase(1997),visual processing tasks and Rapid SymbolNaming fromthe 

TODD predict Letter-Word Calling and Reading Comprehension. 

Similar to Rapid SymbolNaming,the visual processing measuresin this study 

involved tasks amenable to verbal labels(since letters were often part ofthe stimuli); 

thus,these processing measures require,in part,auditory and memory processing(see 

Roberts&Mather,1997). In addition.Rapid SymbolNaming and VisualProcessing 

both measure automaticity using orthographic patterns. Badian(1998)investigated 

whether the addition oftests ofphonologicalawareness,orthographic processing(Visual 

Matching)and naming speed to a preschool battery would improve prediction ofreading. 

Her results indicate that sentence memory,visual matching and naming speed made 

significant contributions to the prediction ofreading ability in second grade students. 

The Visual-Matching stimuli used in Badian's study and the visual processing measures 

in this study both include letters and therefore are considered to require both orthographic 

processing measure and phonological coding.Someofthese cognitive variables have 

been related to reading ability by Wolf(1999),who found naming speed performance to 

be related to impaired fluency. She considered slow naming speed to be an index ofslow 

fundamentalprocessing. She hypothesized that the slow processing indirectly contributed 

to impaired fluency and comprehensionofconnected text(Wolf,1999), 

Long latencies between responses in a naming task suggest difficulty in acquiring 

automaticity,the ability to rapidly recognize and name objects,numbers,letters, words 

either in isolation or in context. Obviously skilled readers need to automatize the soimds 
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that comprise the symbolic code.Recent research on rapid automatic naming indicates 

that it requires the ability to connectthe visualelements oflanguage to the verbal,as well 

as the ability to rapidly process information.Some researchers define rapid automatic 

naming asthe"efficiencyofphonologicalcode retrieval"(Denckla&Cutting,1999,p. 

33). For most educators,processing speed can be assessed fairly easily using rapid 

automatic naming procedures.However,eventhough rapid automatic naming is largely a 

processing speed measure,it is influenced byfactors other than speed,such as 

phonological discrimination and working memory(Wolf,1999). Felton(1992)indicated 

that rapid automatic naming,iii concert with beginning soimd discrimination and auditory 

conceptualization(manipulation ofsounds in sequence),significantly predicted third 

grade reading outcomefrom 19kindergarten predictor tasks. 

Someofthe cognitive componentsofthe TODD obviously have elements in 

common,as indicated bythe strong intercorrelations among the predictor variables(e.g., 

coefficients among Phonological Awareness,Word Memory,Rapid SymbolNaming,and 

Auditory GestaltB[Synthesis]range firom.48to .74). Allofthese variables have an 

auditory component and are good predictors ofTODD reading and are modest predictors 

ofTerra Nova scores. For example. Word Memory(an auditory-based task)is criticalin 

explaining the variance associated with Letter-Word Calling,Reading Comprehension 

(and Decoding when age is partialled out,as explained later). According to Wagner et al. 

(1993),the ability to perceive and manipulate phoneme-sized segmentsofspeech 

facilitates completion ofmemory-span tasks. The ability to recognize words(Letter-
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Word Calling),to decode unknown words and to comprehend(Reading Comprehension) 

meaning fromtext and the ability to retain wordsin working memory all rely onthe 

efiSciency ofphonologicalcoding in memory.Because manyawarenesstasks require 

accurate representation ofphonologicalinformation in working memory,auditory 

limitations may directly affect performance ofthese tasks. 

Investigation ofthe above-mentioned relationships depends uponthe use of 

measures with strong psychometric properties and asound methodology.This study 

relied to a considerable extent uponan experimental instrument,the TODD,to 

operationalize important cognitive and reading variables. Initial data supportthe 

robustness ofthe TODD measures.However,the use ofan experimentaltest is supported 

ifthat instrument is significantly related to external measuresthat define important 

criterion variables.External measures are often more acceptable to readers who know the 

measures.For this reason,criterion measures fromthe Terra Nova(i.e., Comprehensive 

Tests ofBasic Skills,Fourth Edition, 1989)were chosen to address the finaltwo research 

questions. 

Using the Terra Nova it is possible to determine the predictive capability ofthe 

TODD cognitive reading components(i.e.. Spelling,Reading Composite). As mentioned 

earlier,the TerraNovadoes not directly measure decoding. Spelling may be an 

appropriate measure ofdecoding asa reading ability because spelling and reading are 

closely related asPennington(1991)states,"both use the same kind ofcodes but in 

different directions"(p.59). Poor readers have difficulty sounding out words(phonics) 
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making reading slower and less automatic. Poor phonics ability affects the accuracy and 

automaticity ofspelling as well. The spelling ofnew words cannot be learned and 

remembered without the phonological awareness ofthe rules and regularities of 

phonologicalcodes in language(Pennington, 1991). According to Padget et al.(1996), 

deficits in phonological awareness,decoding and spelling are the primary characteristics 

ofa child with dyslexia and that spelling"presents a clearer picture ofgrapheme-

phoneme correspondencesthan word attack[Decoding]"(p.62). 

In this study,the importance ofphonological awareness to spelling and overall 

reading is clear;PhonologicalAwareness significantly predicts the Terra Nova's Spelling 

subtest(Research Question 3)and the Reading Composite(Research Question 4). 

However,an auditory processing measure.Auditory GestaltB(Synthesis)also predicts 

Spelling. Auditory GestaltB(Synthesis)requires the student to synthesize phonetically 

divided words by holding individual phonemesin short-term memoryand then to putthe 

soundstogether to form a word. Onthe other hand,spelling requires the ability to 

segment sounds to identify the constituent letters in order to reproduce a word.Therefore, 

both auditory processing and spelling requires phonologicalcoding in working memory 

(Greene, 1996). 

Because TODD assessment relied onraw scores across a significant age range(5-

12),and because these cognitive abilities are somewhat dependent on maturation, 

multiple regression analyses werecomputed with chronologicalage forced into the 

equations first. Variables that drop outofthe predictive equation when age is 
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uncontrolled may not discriminate across the age range,i.e.,they may be explained 

primarily by maturation only. For example,visual processing and rapid automatic 

naming do not significantly predict criterion variables after the variance associated with 

age is removed,with one exception; VisualPerceptualAccuracy and Speed2(Closure) 

significantly predicts the Terra Nova Reading Composite. Apparently,rapid automatic 

naming and visual processing are so highly correlated with age that they are subsumed by 

age when it becomes a predictor. In addition,this particular measure ofprocessing speed 

(i.e.,rapid automatic naming)may be inadequate in discriminating ability for older 

children since by the upper elementary level,children's familiarity with the stimuli used 

in naming tasks(i.e., letters and numbers)will be highly automatized despite reading 

ability(see Wagner et al., 1993). Also,the Rapid SymbolNaming subtest used in this 

study mayhave aninadequate ceiling;the accuracy scores were all very high regardless 

ofage. Therefore,time becomes critical in differentiating automaticity ofnaming skill 

But,the differences in times may not be sufficient for discriminating by age either. 

The majority ofthe studies showing rapid automatic naming and visual 

processing to be significant predictors ofreading ability have sampled individuals with 

reading disabilities. The sample in this study is generally representative ofthe normal 

population and mayshow a pattern ofresponding more influenced by age. In any case, 

these variables become less powerful when age is included,suggesting that they are 

influenced significantly by maturation. 
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With age partialled out,Phonological Awarenessis again the strongest predictor 

ofreading variables. For example,it is the best predictor ofLetter-Word Calling, 

Auditory GestaltB(Synthesis),and Memoryfor Symbols significantly predicts 

additional variance,respectively(Research Question 1). Phonological Awareness is the 

strongest cognitive predictor ofDecoding(after age). Auditory memory is the only other 

variable that adds significant variance. 

Results ofthis studyshow that the cognitive reading components most capable of 

predicting Reading Comprehension are similar to those that best predict Letter-Word 

Calling. The best predictors ofReading Comprehension are PhonologicalAwareness, 

Auditory GestaltB(Synthesis),and Memoryfor Symbols,respectively(Research 

Question 2). 

Importantly,auditory processing(Auditory GestaltB[Synthesis])and visual 

memory(Memoryfor Symbols)become capable ofpredicting reading when age is 

entered as a predictor(i.e.,they predict Letter-Word Calling,Reading Comprehension 

and Spelling). Apparentlythey are less affected bythe developmentalprocessthan are 

some other predictor variables. The auditory processing measure.Auditory GestaltB 

(Synthesis),requires the child to hold individual phonemesin short-term memoiyand 

then putthe soundstogether to form a word. There is some evidence short-term auditory 

memoryis affected by rate ofarticulation, which determines how much information can 

be rehearsed before it is lost(see Watson and Miller, 1993). Rate ofarticulation is 

measured bythe speed with which children are able to pronounce phonetically difficult 
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words or phonetically regular nonsense words and automaticity(to break the phonetic 

code). This automaticity appears to be related to phonological awareness and memory. 

Memory diflSculties affect negatively the ability to organize informationfor retrieval. 

However,recent studies have shownthat the connection between phonological awareness 

and memory appears to decline by the elementary years, while reading comprehension 

and working memory appears to increase with age(see Stone&Brady,1995). 

Phonological awareness and auditory memory both rely strongly on the auditory 

modality and are strong predictors ofreading. According to Shaywitz(1996),the 

Auditory Analysis Test is highly related to a child's ability to decode single words and is 

an important diagnostic indicator ofdyslexia. This auditory task requires a child to 

segment wordsinto their individualphonological units and then to delete specific 

phonemes. For example,the child must say"cat"without the"kuh"sound. Shaywitz's 

results were the same at all ages. The Auditory Gestalt subtests onthe TODD require 

similar skills. The Auditory GestaltB(Synthesis)subtest is closely related to the subtest 

used in Shaywitz's(1996)study because the child is required to identify a word based on 

the individual corresponding phonemes(i.e., identifying "kuh-aah-tuh"as"cat"). 

The results ofthis study are consistent with Shaywitz's study;Auditory GestaltB 

(Synthesis)significantly predicts Letter-Word Calling,Reading Comprehension,and 

Spelling regardless ofwhether age is entered as a variable(but is somewhatmore 

powerful when age is controlled for)and the TerraNovaReading Composite whenage is 

controlled for. In addition,there is increasing evidence that"good and poor readers 
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differ in the extent to which they use a phonetic representation(or some kind ofspeech 

code)to hold linguistic material(or other stimuli whichcan be speech coded)in short-

term memory.These coding differences are apparent whether the linguistic material is 

presented visually or auditorily"(Blachman,1982,p.99). 

Similar to Auditory GestaltB(Synthesis),the visual memory measure.Memory 

for Symbols,relies onthe ability to hold phonetic information in working memory. On 

the first three items on Memoryfor Symbols,examinees are showna geometric shape for 

five seconds and then are instructed to choose the matching symbolcontained in a 

multiple choice format with severalincorrect but similar stimuli.However,all subsequent 

itemsshow different combinations ofletters fi-om which examinees are to choose the 

correct sequence ofletters fi-om several options. Therefore,Memoryfor Symbols and 

Letter-Word Calling,Reading Comprehension and Spelling havecommon underlying 

components,i.e., the abilityto identify letters and the ability to retrieve phonological 

codesfor visually presented stimuli.For a child with letter identification deficits, 

strategies are unavailable to use to recall the order in which letters are presented since too 

much cognitive effort is put into identifying the letters. The ability to correctly call letters 

is dependent on their representation in long-term memory. Without this representation, 

the ability to store these lexicalitems in short-term memory will be compromised 

(Roberts&Mather, 1997). 

With age partialled out.PhonologicalAwareness,Memoryfor Symbols and 

Auditory GestaltB(Synthesis)significantly predict TerraNova Spelling(Research 
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Question 3). As described earlier,the auditory processing subtest(Auditory GestaltB 

[Synthesis])requiresthe studentto synthesize phonetically divided words by holding 

individual phonemesin short-term memoryand then to putthe soundstogetherto form a 

word. Similarly,Memoryfor Symbols requires the child to hold sequencesofletters in 

short-term working memory and then to identify the sequence among several similar 

strings ofletters. The rehearsalofthese letter strings in working memory maytap 

auditory sequential memory as wellas visual memory. According to the literature, 

spelling is an auditory sequential memorytask. Sequencing is often an area ofdifficulty 

for dyslexics,particularly when it involves language(Greene, 1996). 

When age is controlled.Phonological Awareness and VisualPerceptual Accuracy 

and Speed2(Closure)are the best predictors ofthe Terra Nova Reading Composite 

(Research Question 4). As discussed earlier,the visual-matching stimuli used in this 

study to measure visual processing includes letters and therefore requires orthographic 

processing and phonologicalcoding because ofthe alphabetic nature ofthe stimuli 

(Badian, 1998). In addition,the speeded nature ofthis task relies on automaticity,which 

is crucialfor comprehension.The Reading Composite has both acomprehension 

(Comprehension)component and a word identification(Vocabulary)component;thus, 

the task demandsofthis criterion variable are confounded. It is interesting to note that 

visual processing subtests are significant predictors ofthe TODD Letter-Word Calling 

and Reading Comprehension subtests when age is not part ofthe equation. However, 

visual processing drops out asa predictorfor Letter-Word Calling and Reading 
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Comprehension when age is controlled. Thus,the Vocabulary component probably 

introduces something unique to the Reading Composite that makesthe overall Composite 

sensitive to maturation. 

The relationship among all these important cognitive variables maybe reciprocal, 

leading to complicated interactions.Pencil and paper measures are used to operationalize 

the variables and to tease outthe relative contributions ofeach to reading. In all 

probability they interact in an additive fashion to produce the complex task ofreading. 

Implications 

These results supportthe contention that phonological awareness is the best 

predictor ofreading and that rapid automatic naming,auditory short-term memory, 

auditory processing,visual memoryand visual processing contribute significant 

additional variance. The strength ofthese predictions varies depending upon whether age 

is controlled. Teachers who provide remediation will benefit fi-om knowledge ofthe 

building blocksfor designing interventions appropriate for children presenting particular 

strengths and weaknesses. 

Specific profiles ofstrengths and weaknesses maylead to more specific and 

effective intervention. For example,it has been suggested that students with phonologic 

processing problems(i.e., word attack or decoding)appearto benefit more firom intensive 

phonics instruction than do students with orthographic processing difficulties(i.e.,rapid 

automatic naming)who would more likely benefit fi'om proceduresthatfocusonthe 

developmentofaccurate and rapid word recognition and automaticity(Wolf,1996). 
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Oakland et al.(1998)investigated the eflhcacy ofa multi-sensory approach to 

remediating reading difficulties adapted fi-om Orton-Gillingham's definition ofdyslexia. 

Their results indicated that highlystructured phonicsinstruction emphasizing the 

alphabetic system,drill and repetition to compensate for short-term memoryand 

processing speed deficits,and multi-sensory methodsto promote non-language mental 

representations werefoimd to significantly improve word recognition and comprehension 

ofdyslexics compared to a control group. Another method ofremediation that is 

currently gaining popularity is the cross-modal approach,in which weak modalities are 

paired with strong modalities. For example,a visual processing deficit may be 

strengthened by having a child trace the word he seesthereby adding a kinesthetic 

approach(Hynd,1986-87). In other words,once teachers can identifya child's strengths 

and weaknessesthey can use this information to remediate difficulties by direct 

instruction and/or teaching the ability by pairing it with areas ofstrength. 

A comprehensive assessment ofdyslexia involves tests oflanguage,spelling, 

reading,comprehension,memory and cognitive function. No single test score is 

conclusive for diagnosing dyslexia;rather data fi-om a wide battery oftests must be 

synthesized to establish a"disparity between the person's reading and phonologic skills 

and his or her intellectual capabilities,age or levelofeducation"(Shaywitz,1998 p.302). 

TheTODD offers a single test battery with the cognitive and achievementcomponents 

thoughtto be most predictive ofdyslexia. The TODD offers the convenience of 

assessing children using one test battery, with the cognitive and achievement components 
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thought to be most predictive ofdyslexia. With additionalrefinement and development, 

the TODD may become a usefultoolto help psychologists and teachers design 

interventions based on specific strengths and weaknessesfor individual profiles. 

Limitations 

The results ofthis study are consistent with findings fi-om others who have 

investigated the crucial elementsfor diagnosing dyslexia;that is, phonological awareness 

and rapid automatic naming are thetwo mostrobust predictors ofreading.Howeverthese 

results come fi-om a smallsample and fi-om a restricted geographic location. Therefore, 

generalizability ofresults is limited. 

Although results appear to provide supportfor the construct validity ofthe 

TODD,theyshould be considered tentative. TheTODD is in development. Additional 

research is needed to further develop and refine the test. 
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Table 1. Means and Standard Deviations ofCognitive and Reading Variables 

Letter-Word Calling 

Reading Comprehensions 

Decoding 

Phonological Awareness 

Auditory Gestalt A 

(Closure) 

Auditory GestaltB 

(Synthesis) 

Word Memory 

VisualPerceptual Accuracy and 

Speed 1(Discrimination) 

VisualPerceptual Accuracy and 

Speed 2(Closure) 

Memoryfor Symbols 

Means 

26.11 

20.76 

14.13 

14.72 

8.12 

10.69 

5.11 

20.91 

17.26 

14.55 

Standard Deviations 

10.53 

10.44 

5.82 

4.83 

3.66 

3.5 

1.98 

4.57 

6.13 

4.21 
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Cognitive Processes 

Table 3. Multiple Regression Analyses Predicting Basic T.etter-Word Calling frnm 

Cognitive Variables 

Predictors 

1. Phonological Awareness 

2. Rapid SymbolNaming 

3. VisualPerceptual Accuracy 
and Speed2(Closure) 

4. Auditory GestaltB 

(Synthesis) 

5. Word Memory 

N=105 

*p<.05 

**p<.01 

Beta 

0.88 

0.35 

0.19 

0.18 

0.13 

0.77 

0.82 

0.85 

0.86 

0.87 

AdjustedR 

0.76 

0.82 

0.84 

0.86 

0.87 

38.55** 

23.75** 

19.61** 

16.58* 

14.11* 
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Cognitive Processes 

Table 4. Multiple Regression Analysis Predicting Basic Letter-Word CflHinp frnm 

Cognitive Variables after Controlling for Ape 

Predictors Beta AdjustedR^ F 
1. Age 0.75 0.56 0.55 130.37** 

2.PhonologicalAwareness 0.67 0.87 0.87 349.37** 

3.Auditory GestaltB(Synthesis) 0.14 0.88 0.88 254.53** 

4.Memory for Symbols 0.13 0.89 0.89 200.89* 

N=105 

*p<.05 
**p<.01 

61 



Cognitive Processes 

Tables. Multiple Regression Analysis Predicting Decoding from Cognitive Variables 

"Pi^ictor "" Beta Adjusted "f 
1. PhonologicalAwareness .91 .83 .83 50.22** 

N=105 

**p<.01 
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Cognitive Processes 

Table 6. Multiple Regression Analysis Predicting Decoding jfrom Cognitive Variables 

after Controlling for Age 

Predictors Beta Adjusted F 

1. Age 0.48 0.23 0.23 31.31** 

2. Phonological Awareness 0.92 0.83 0.83 247.42** 

3. Word Memory 0.11 0.84 0.832 172.64* 

N=105 

*p<.05 
**p<.01 
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Cognitive Processes 

Table 7. Multiple Regression Analysis Predicting Reading Comprehension from 

Cognitive Variable 

Predictors Beta Adjusted R^ F 

1. Phonological Awareness 0.74 0.55 0.54 12.39** 

2. Rapid SymbolNaming 0.40 0.62 0.61 83.10** 

3. VisualPerceptual Accuracy 
and Speed 1 

(Discrimination) 0.31 0.66 0.65 66.00** 

4. VisualPerceptual Accuracy 
and Speed2(Closure) 0.17 0.68 0.67 53.01* 

5. Word Memory 0.15 0.69 0.68 44.76* 

N=105 

*p<.05 

**p<.01 
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Cognitive Processes 

Table 8. Multiple Regression AnalysesPredicting Reading Comprehension from 

Cognitive Variables after ControHinp for Age 

Predictors Beta R2 Adjusted R2 F 

1. Age 0.70 0.49 0.48 97.65** 

2. Phonological Awareness 0.51 0.67 0.67 104.54** 

3. Auditory GestaltB(Synthesis) 0.19 0.69 0.68 75.33* 

4. Memoryfor Symbols 0.19 0.70 0.69 59.68* 

N=105 

*p<.05 
**p<.01 
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Cognitive Processes

Table 9. Multiple Regression Analysis Predicting Terra Nova Spelling from Cognitive

Variables

"Predictors " Beta Adjusted F
1. Phonological Awareness 0.47 0.22 0.21 20.80**

2. Auditory Gestalt B

(Synthesis) 0.24 0.05 0.04 13.44*

*p<.05
**p<.01
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Cognitive Processes

Table 10. Multiple Regression Analyses Predicting Terra Nova Spelling from Cnpnitive

Variables after Controlling for Age

Predictors Beta Adjusted F

1. Age -0.24 0.06 0.05 4.59**

2. Phonological Awareness 0.46 0.27 0.25 13.17**

3. Auditory Gestalt B (Synthesis) 0.29 0.34 0.31 11.79*

4. Memory for Symbols 0.22 .0.37 0.34 10.31*

N=73

*p<.05
**p<.01
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Cognitive Processes

Table 11. Multiple Regression Analysis Predicting Terra Nova Reading Composite from

Cognitive Variables

Predictors Beta Adjusted R F

1. Phonological Awareness 0.70 0.50 0.49 69.90**

N=73

**p<.01
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Cognitive Processes

Table 12. Multiple Regression Analyses Predicting Terra Nova Reading Composite from

Cognitive Variables after Controlling for Age

Predictors Beta Adjusted F

1. Age -0.30 0.09 0.08 7.03**

2. Phonological Awareness 0.69 0.56 0.54 44.73**

3. Visual Perceptual Accuracy
and Speed 2 (Closure) 0.21 0.60 0.58 34.47*

N-73

*p<.05
**p<.01
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