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This thesis presents a multivariate investigation of the temporal processing deficit 

hypothesis of reading failure. The temporal processing deficit hypothesis proposes that the 

underlying cause of the phonological deficit that characterizes developmental dyslexia is an 

impaired timing mechanism. Thkty reading-disabled adults, thirty two normally achieving 

adults and thirty one nomally achieving children were adrninistered a comprehensive battery 

that included a wide range of timing tasks, in addition to reading and phonological measures. 

Although dyslexics perfonned more poorly than norrnaily achieving adults on most of the timing 

tasks. their performance was influenced by rate. Similarly. although the dyslexics' 

performance revealed the typicai pattern of impaired phonological awareness and pseudoword 

reading relative to reading level matched children, the disabled readers oumerforrned the 

children on the timing tasks. Finally, with the exception of RAN performance, the timing tasks 

shared little variance with phonological awareness and contributed little unique variance to word 

reading. Although these fmdings undermine the timing deficit hypothesis. they & provide 

evidence for the involvement of word retrieval deficits in developmental dyslexia. 
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h Multivariate Investigation of the Timing Deficit Hypothesis of Reading Disability 

General S tatement 

It is well established that developmentai dyslexia is characterized by deficient 

p honological processing (e-g., Bmck & Treiman. 1990: Rack, Snowling, & Oison, 1992; Perfetti. 

1985; Stanovich & Siegel, L994: Wagner & Torgesen, 1987). However. it is unclear what 

mechanism underlies the phenotypic core deficit of reading disabilities. One hypothesis that has 

attracted growing attention is known as the temporal processing deficit of developmentai 

dyslexia (e.g., Farmer & EUein, 1995; Tailal, 1984; Wolff, Michel & Ovrut, 1990a, 1990b). This 

theory posits that an impaired timing mechanism underlies the phonological phenotypic 

performance profile of dyslexia, through deficient temporal resolution. Although the temporal 

processing deficit theory has snong advocates. such as TaLlai ( 1980, 1984). its critics include 

researchers such as Sniddert-Kennedy (Studdert-Kennedy & Mody, 1995). In the face of such 

controversy, the need has arisen for externai examination of the temporal processing deficit-that 

is, for its examination within laboratories other than those that have been at the center of the 

coatroversy. Therefore, the purpose of this thesis is to examine the validity of the temporal 

processing deficit hypothesis of developmental dyslexia. This endeavor involves both a critical 

examination of the literature and the ernpincal investigaûon of hypotheses generated from the 

temporal processing deficit hypothesis. 

Introduction 

A basic concept in the field of learning disabilities is that individuais with developmental 

dyslexia share a cornmon phenotypic performance profile. This profile is charactenzed by a 

deficit in phonological processing, particularly in phonological awareness (e.g., Jorn & Share, 

1983: Stanovich, 1988; Stanovich & Siegel, 1994; Wagner & Torgesen, 1987). Phonological 

awareness refen to one's duect knowiedge of phonemes. as evidenced in the ability to recognize 

and manipulate phonemes (Bentin, 1992; Liberman, Shankweiler, Fisher & Carter, 1974; 



Tunmer & Hoover, 1992). A variety of tasks have been used to assess phonological awareness, 

requiring children to genente rhymes, count phonemes and syllables. substinite phonemes and 

delete phonemes (Htûien, Lundberg, Stanovich & Bjaalid, 1995). These tasks typically reveal 

dyslexics' dificulties in phonological pmcessing (e-g., Bowey, Cain & Ryan, 1992: Wagner & 

Torgesen, 1987). For example. dyslexics tend to be less sensitive to rhymes (Snowling, van 

Wagtendonk & Stafford, 1988). and alliterations than normal readea (Bradley & Bryant. 1983). 

Dyslexic children also tend to expenence great difficulties in segmenting speech (Bruck 1990, 

1992; Bryant, Bradley, MacLean & Crossland, 1989; Mann, 1984: Olson, Wise, Conners. Rack. 

& Fulker, 1989: Snowling, Stackhouse & Rack, 1986; Stanovich. 1988; Stanovich & Siegel. 

1994). These deficits are evident even when the performance of dyslexics was compared to that 

of younger children who read no beaer than they did (Bradley & Bryant, 1983: Bruck, 1992: 

Olson et al., 1989). Because the performance of older, disabled readers is inferior to that of 

younger. skilled readers, one may infer mat the poor performance resuited frorn a specific deficit, 

rather than uniformly slower maturation of reading skills (Bryant & Goswami. 1986: Felton & 

Wood. 1992). Thus, the performance profde of disabled readers tends to support a deficit model. 

rather than a maturationai lag model. 

There is growing evidence that phonological awareness plays an important role in early 

reading acquisition (Bradley & Bryant, 1983; Cunningham, 1990: Goswami & Bryant, 1990: 

Lundberg, Frost & Peterson. 1988; Perfetti, 1984). In fact, phonological awareness is often a 

more powemil predictor of the speed and efficiency of reading acquisition than more general 

factors of cognitive functioning such as measures of generai intelligence, vocabulary and 

listening comprehension (Share, Jorn, Maclean & Matthews, L984; Stanovich, 1992; Stanovich, 

Cunningham & Cramer, 1984; S tanovich, Cunningham & Feeman. 1984). Impaired 

phonologicai awareness is considered an important precursor ro deficits in phonological coding, 

the process whereby letter patterns are converted into phonological patterns (Stanovich, 199 1 ). 

Because appreciation of the alphabetic principle, that units of print map ont0 units of sound (see 

Perfetti, 1984), is dependent on the ability to segment speech at the phonemic level, poor 



phonological awareness impairs the acquisition of grapheme-phoneme correspondences that 

underlie fluent word recognition (Goswami & Bryant, 1990: Stanovich et al., 1984: Tunmer & 

Hoover, 1992). Deficits in phonologicd coding are characterized by difficulty in naming 

pseudowords (Rack et al., 1992). In fact, deficits in naming pseudowords is the rnost diagnostic 

symptom of reading disabiiity (Bmck, 1988, 1990; Felton & Wood, 1992; Manis, Custodio & 

Szeszulski, 1993; Siegel. 1989; Siegel & Ryan, 1988). Dyslexic children not only narne 

pseudowords less success full y than chronological-age controls. but they are Iess success fui than 

younger, reading-level matched children (Olson et al., 1989: Rack et al., 1992: Stanovich Br 

Siegel, L994). Deficits in phonological coding, revealed through impaired pseudoword naming 

has important implications for reading acquisition. The recognition of unknown words through 

phonological coding is required for a child to gain independence in reading. Reading 

independence, in turn, will enable the child to practice reading so that he or she may attain the 

automaticity necessary for fluent reading ( E h  & Wilce, 1985: Jorn & Share, 1983). Therefore, 

deficits in phonological awareness interrupts the very processes necessary to develop fluent 

reading. 

While phonological awareness is predictive of subsequent skill at word-reading (e-g.. 

Adams, 1990; Bryant et al., 1989; Bmck & Treiman, 1990; Stanovich et al., 1984; Wagner. 

Torgesen, & Rashotte. 1994), the relationshtp between the two is one of reciprocd causation 

(Ehn, 1985; Morais, Bertelson. Cary. & Alegria, 1979; Vandervelden & Siegel, 1995). That is, 

not only does phonological awareness contribute to reading acquisition, reading acquisition itself 

encourages M e r  development of phonological awareness. Due to the reciprocal relationship 

between phonological awareness and reading skill, individuals with developmental dyslexia may 

have similar, yet not identical, phenotypic performance profiles that result from different causes. 

Thus, the root of reading failure for some individuals lies in their impaired phonologicd 

processing. Altemately, for other individuals, poor word reading skills result in poor 

performance on tasks tapping phonological awareness. These patterns may reflect the two 

subtypes of dysiexia that have been suggested in the literature, phonological and surface 



dyslexia. Surface dyslexia is characterized by the ability to read aloud regular words and 

pseudowords, but not irregular words (Behrmann & Bub, 1992: Buder, 1973; Coltheart, 

Mastenon, Byng, Pnor & Riddoch, 1983). In contrast, phonological dyslexia is characterized by 

the ability to read familiar words, but not pseudowords (Beauvois & Derousesne, 1979: Boder. 

1973; Shallice & Warrington, 1980; Temple & Marshall, 1983). These pattems of performance 

have ofien been used as an explmation of the cause of reading disability. For exarnple, because 

phonological dyslexics experience great difficulty in reading unfamiliar words and pseudowords. 

an inability to apply grapheme-phoneme correspondence rules might be assumed to be the cause 

of reading failure. In contrast, because surface dyslexics experience difficulty in reading 

irregular words, an impaired ability to f o m  orthographic representations might be the cause of 

reading failure. However, although surface dyslexics' prirnary problem may lie in the formation 

of orthographic representations, they also have some degree of a phonological processing deficit. 

Although many snidies supporting the existence of the two subtypes of developmental 

dyslexia have been controvenid due to their failure to include normal readers as a reference 

group (see Bryant & Impey, 1986), Castles and Coltheart's (1993) study was unique in its 

attempt to avoid this criticism. in their analyses, Castles and Coltheart isolated a large number of 

dyslexics whose performance profiles were deviant (relative to normal readers) on either 

nonword or exception word reading. These pattems represent the two distinct subtypes of 

phonological and surface dyslexia. However, a serious criticism of this study is the failure to 

include a reading-level matched control group. Fortunately, this problem has been addressed 

(see Manis, Seidenberg, Doi, McBride-Chang, & Patterson, in press; Sidhu, 1995; Stanovich, 

Siegel, Gonardo, Chiappe, & Sidhu. in press). In eacch of these studies, a large number of 

phonological and surface dyslexics were identified when referenced against chronological-age 

matched subjects. Although a large number of phonological dyslexics were identified when a 

reading level match was used, few surface dyslexics were identified. This converges with Bryant 

and Impey's ability to find a match in their reading-level sample for the performance patterns of 

Coltheart et al.3 (1983) surface dyslexie, but not Temple and Marshall's (1983) phonological 



dyslexie. Thus. phonological dyslexia appears to represent a pattern of deviance, while surface 

dyslexia appears to be consistent with the maturational lag model. Therefore, if one were 

searching for an underlying deficit which is manifested as the phonological core deficit, one 

would expect to find it arnong phonological dyslexics, but not surface dyslexics. 

Recall that irnpaired phonological processing, ofien known as the phonological core 

deficit, refers to the phenotypic performance profüe of individuals with reading disabilities. The 

phonologicd core deficit may be considered a proximal cause of developmental dyslexia because 

it provides a causai explanation for reading disability at a psychoiogical. or more specifically a 

cognitive level. In conuast, explanations that attempt to chancterize developmental dyslexia at a 

neurophysiological level (e.g., Hynd, Marshall & Gonzatez, 199 1 : Larsen. H~ien .  Lundberg & 

Odegaard, 1990: Steimetz & Galaburda. 199 1 ) appeal to more distal causes of reading 

disability. That is. they attempt to explain how the structure and functioning of the brain underlie 

deficits in phonological processing and reading failure. Similarly, investigations of the genetics 

of dyslexia also invoke more distal explanations for reading failure and the phonological core 

deficit (e.g. Olson et al., 1989: Pennington, Gilger. Olson & DeFries, 1992). Thus. the reading 

disability may be explained at a variety of levels. 

The cunent thesis investigates a hypothesis that may be considered an intermediate 

causal explanation for reading failure. This hypothesis, known as the temporal processing deficit 

or timing deficit hypothesis, proposes that impaired phonological processing and reading failure 

results from irnpaired temporal processing. This hypothesis will be considered in greater detail 

below. However, it is important to note here thai although the timing hypothesis presents an 

explanation that is psychological (as it genentes clear predictions conceniing the infomation- 

processing operations that underlie reading failure), this explanation is one level more distal than 

the phonological core. Therefore, the timing hypothesis does not attempt to undennine or 

replace the phonological-core deficit as a causal explanation for developmental dyslexia. Rather, 

it attempts to provide a complementary explanation by invoking a psychological mechanism that 

underlies the phonological core deficit. 



What is the T imin~  Hyothesis? 

Recently, the hypothesis that developmental dyslexia is caused by an underlying 

deficiency in temporal processing has atuacted growing attention. A number of theorists have 

proposed that an impaired timing mechanism involved in the temporal organization of perception 

a d o r  action is the cause of reading failure within some subtypes of developmental dyslexia 

(e.g., Farmer & Klein, 1995: Tallal, 1984; Wolff et al., 1990a 1990b). The mechanism involved 

in temporal processing is assumed to be responsible for a variety of functions such as the timing 

precision, senal order, and rate. The function of timing precision enables individuals to perfonn 

actions at accurate intervals. Similariy, it enables individuals to perceive rhythmic sequences. 

The function of senal order involves the perception, recognition and recdl of the temporal 

sequence in which stimuli were presented, and the production of a number of actions in the 

correct sequence. Finally, the hinction that has garnered the most attention. narnely rate, refers 

to one's ski11 at rapid processing. Rapid processing includes both the perception of rapidly 

presented stimuli and the rapid coordination of actions. Although proponents of the temporal 

processing deficit hypothesis propose different manifestations of 3 timing mechanism (i.e.. is this 

mechanism specific to a single domain. such as audition, or is it domain-generai?). all agree that 

impaired temporal processing underlies the phonologicai core deficit that is chancteristic of 

developmental dyslexia These theories will be considered below. 

The initial, and most influentid of the "timing" theories is that of Tallal(1980: 1988: 

TaiIal& Stark. 1982). Tallal has proposed that disabled readers are deficient in processing 

auditory stimuli that are very brief (Le., tens of milliseconds), whether the stimuli are verbal or 

nonverbai in nature. Some speech sounds, such as stop consonants Like hl and Id / ,  involve 

spectral changes with durations that lie within this criticai period of tens of milliseconds. 

According to TalIal, the combination of disabled readers' deficient processing of rapidly 

presented stimuli and the brevity of the spectral changes within speech sounds results in an 

inability to discriminate speech sounds. This rapid temporal processing deficit may subsequently 

lead to reading failure in two ways. F i t ,  inadequate skill at discriminating phonemes would 



lead to the poor phonemic awareness and segmentation skills that characterize the phenotypic 

profüe of dyslexia. In other words, the temporal processing deficit underlies the phonologicd 

core deficit. Altemately, the poor discrimination of speech sounds would impede the acquisition 

of phoneme-grapheme correspondences necessary for normal development of reading skills. 

Tailal's theory of the temporal processing deficit prirnarily restricts the impairment to the 

auditory rnodaiity. However, more recently Farmer and Klein (1995). have proposed that the 

temporal processing deficit is more pervasive, as it may manifest itself in a variety of modalities. 

For exarnple, Farmer and Klein's (1995) model of the pathways by which a temporal processing 

deficit rnay lead to dyslexia supplements the auditory processing deficit with a visud processing 

deficit. Their model is depicted in Figure 1. In this model, the mechanism by which the auditory 

processing deficit manifests itself as dyslexia is based on the mechanism proposed by Tailal 

( 1984). That is, the auditory processing deficit both causes impovenshed phonological 

awareness and inhibits the acquisition of phoneme-grapheme correspondences. Similarly. the 

visuai processing deficits may lead to reading failure in two ways. On the one hand, impaired 

visuai ternporal processing may directly impede the acquisition of onhographic representations. 

A slower rate of processing rnay cause the processing of visuai stimuli to be incomplete, which 

consequentiy impairs perception (Di Lollo. Hanson & Mchtyre, 1983). On the other hand, 

irnpaired visud temporal processing might hinder reading acquisition indirectly, by making 

reading a difficult and unpleasant activity (Famier & Klein. 1995). Poor readers with this 

affliction would iikely avoid reading, causing them to be prone to the Matthew Effects discussed 

by Stanovich ( 1986b). Thus, Farmer and Klein ( 1995) have proposed that impaired ternporal 

processing in the auditory or the visual domain rnay resuit in reading failure. 

According to Farmer and Klein, the temporal processing deficit rnay be either domain- 

specific or domain-generai. Their model suggests that it is possible for the ternporal processing 

deficit to exist in either the visual or the auditory modality, or for there to be independent 

temporal processing deficits within each modality. However, a final possibility is the existence 

of a domain-generai temporal processing deficit that interferes with both visual and auditory 



Fi mire 1 : 

Farmer and Klein's (19951 mode! of the ~otential ~athwavs to dvslexia From a tem~oral 

and/or behavioral deficit 
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Visuai Surface andor rnixed 

/ Temporal Processing 

Deficit fi 
Audi tory Phonological 

Non-temporal linguistic 

deficit 



perception. Proponents of a domain-generd timing mechanism have proposed that this 

rnechanism is involved in the temporal organization of action in addition to perception (e.g.. 

Tzeng & Wang, 1984; Wolff et al., 1990a, 1990b). That is, individuals afflicted with this 

disorder would be expected to show impaired performance on dl activities involving fine 

temporal resolution, whether the tasks entail perception. motor coordination. or speech 

production. Thus, a defective dornain-general timing mechanism would involve senous 

consequences, as such an impairment would result in pervasive ùnpairments. For example, 

Nicolson and Fawcett (1990: Fawcett & Nicolson, 1992) have reported that disabled readers 

were impaired in postural control, or balance. particularly when they had to perform a second 

simple task concurrently. Yap and van der Leij (1994) confmed the fmding that dyslexics have 

dificulties in balancing when performing a concurrent task. The apparent deficits in 

"automatic" balance reflects one of the global deficits that may result kom a defective domain- 

general timing mechanism. 

The proposal of a defective mechanism that causes global impairment violates the 

assumption of specificity, that the cause of reading disability is localized in a specific coe@ive 

domain rather than more global aspects of cognitive functioniog (Stanovich, 1986a. 1988). 

S hould the underlying cause of reading disability be an impaired domain-general timing 

mechanism. one would expect performance in a.ü aspects of motor and inteliectual fùnctioning to 

be depressed. Such pervasive impairment would result in diminished performance on tests of 

intelligence so that dyslexics would not be able to have high IQ scores. However, the 

phonological deficit that characterizes dyslexia is only weakly correlated with inteliigence 

(McBride-Chang & Manis. 1996; Siegel, 1988. 1989; Stanovich. 1986b; Tunmer & Nesdale, 

1985; VeUutino & Scanlon, 1987). Therefore. if a deficient domain-generai timing mechanism is 

the underiying cause of the phonological deficit that characterizes developmental dyslexia, it 

must be able to account for the weak relationship between intelligence and phonological 

processing . 



In summary, there are four main approaches to the timing deficit hypothesis of 

developmental dyslexia These theones differ primady in the breadth attributed to the 

mechanism invoived in temporal resolution. The first, and most restricted hypothesis suggests 

that impaired temporal resolution in the auditory rnodality, alone, is the underlying cause of the 

phonemic deficit characteristic of developmental dyslexia (e.g., Tallai. 1984). The second 

hypothesis proposes that defective temporal resolution in the auditory or visual rnodality is the 

underlying cause of reading failure. These impairments may be the results of a single defective 

timing mechanism, or defective timing mechanisms within both modaiities (e.g., Farmer & 

Klein, 1995). The t h d  hypothesis advocates a defective domain-general timing mechanisrn as 

the root of developmental dyslexia (e.g., Wolff et ai.. 1990b). This hypothesis predicts the most 

pervasive impairments. manifested in perception, speech and action. Finally. opponents of the 

timing hypothesis (e-g., Studdert-Kennedy & Mody, 1995) argue that there is little evidence to 

support the existence of a temporal deficit and its role in developmental dyslexia. Support for 

each position will be examined below. 

Evidence Regardine - Auditorv Ternoorai Processine Deficits in Deveio~rnentd Dvslexia 

The approach that will be explored here is the plausibility that the phonemic deficit 

associated with deveiopmentai dyslexia is a symptorn of an underlying auditory processing 

deficit (TaIIal, 1984). The First, and most influentid advocate of this position is Paula Tallal. 

According to TaIlal (1980). the ability to process rapidly changing auditory information plays a 

crucial role in speech perception. Difficulties in processing rapidy presented data may result in 

difficulties in analyzing speech at the phonemic level and the phonological deficit exhibited by 

some dyslexics may be the product of deficient processing of rapid auditory stimuli. Such a 

deficit would impair the acquisition of grapheme-phoneme correspondences in a manner similar 

to that posited in phonological core deficit theories (Stanovich & Siegel, 1994). According to 

the auditory temporal processing deficit hypothesis, the role of phonological processing in 

reading acquisition can be explained by phonological core deficit theories because the auditory 



temporal processing deficit hypothesis proposes a more distal explanation for reading failure 

than the phonological processing deficit. 

Two sources of evidence are needed to support Tda l ' s  theory. First, one must 

dernonstrate that children with developmental dyslexia process rapidly presented stimuLi more 

poorly than normal readers. Second, one must demonstrate that this deficit is pnmarily auditory, 

and not specific to speech. This is exacly what Tallal(1980) demonstrated in her cornparison of 

reading disabled and chronological age-matched children. In this snidy. a series of 

discrimination and temporal order judgment (TOJ) tasks was administered to children. The 

stimuli, two complex tones presented for 75 ms, were separated by a long (328 ms) or a shon (8- 

305 ms) interstirnuius intervals (ISI). Tallal found no difference between normal and disabled 

readers when the tones were presented at slow rates. However, when the ISI was shortened. 

disabled readers made significantly more errors than normal readers. In fact, Tallal found that 

the Spearman Rank Correlation between performance on auditory perceptud tasks and a 

pseudoword reading task was quite high ( s . 8  1 ). This general pattern of results has been 

replicated by keed ( 1989). These findings have been interpreted as support for the existence of 

impaired auditory temporal processing in disabled readers (e.g., Famer & Klein, 1995). 

in addition to studies investigating disabled readers, evidence for impaired temporal 

processing deficits has also been drawn from studies investigating auditory discrimination skills 

of dysphasic children. In a series of studies exarnining auditory discrimination in dysphasic 

children and normal readers (Tallal & Piercy, 1975; Tallal, Sainburg & Jemigan, 199 1 ), Tallal 

and her colleagues used as stimuli pairs of long and short tones, pairs of long (250 ms) and short 

(43 ms) synthetic vowels. and pairs of synthetic CV syllables (/bai and /da/) in which the formant 

transitions were either long (95 ms) or short (43 ms). The dysphasic children's performance was 

significantly worse than the nondisabled children on the short tones, vowels and consonants at 

shon ISIs. but not on the long tones, vowels and consonants at long ISIs. Like the dyslexic 

children. dysphasic children showed a pattern of poor discrimination of auditory stimuli at fast 

speeds, but not at slow speeds. Because dysphasics showed the same pattern of results for both 



steady-state vowels and the consonants (which contain formant transitions), TaIlal and Piercy 

(1975) concluded that impaired performance reflected the brevity and not the transitional traits of 

the synthesized stimuli. Similarly, the parallel pattern of results for syllables and tones has lead 

Tailal and Piercy ( 1973) to conclude that the dysphasics* impairment was a general auditory 

deficit. Because dysphasic children's performance was similar to that of disabled readers. these 

findings have often k e n  generalized as evidence for auditory temporal processing deficits in 

developmental dyslexia. particularly in recent media reports. 

However, impaired auditory temporal processing is not the ody possible interpretation 

that may arise from a pattern of impaired discrimination of fast. but not slow, auditory stimuli. 

In fact, Talial (Tallal et al., 199 1) has concluded that "the sequencing deficit identified in 

dysphasic children is a secondary sequelea due to the more prirnary deficit in tone discrimination 

of rapidly presented stimuli"(p. 365). Io other words. what rnay appear to be a slower rate of 

perception (Le.. impaired performance at short but not long ISIS on perceptual tasks) is not the 

cause of impaired children's difficulties. It is the result of poor discrimination between the close 

phonetic similarity of the stimuii (Studdert-Kennedy. Liberman. Brady. Fowler. Mody & 

Shankweiler. 1994-1995; Studdert-Kennedy & Mody. 1995). Similarly. Reed ( 1989) has argued 

that the TOI tasks enable the detection of subtie deficits in discrimination capacity by stressing 

perceptual capabilities. In other words, the performance of children who have difficulties 

discriminating stimuli (such as ha/-/da/) would suffer when their capacities are stressed. In 

contrat, when the discrimination is easier. performance would not be expected to suffer when 

perceptual capacities are stressed. 

Mody tested this alternative expianation by admnistering Talial's TOI task to poor 

readers in second grade (Mody. Studdert-Kennedy & Brady, in press). Children were first 

administered Tallal's TOJ task using the difficult to discriminate pair of syllables ha/  and /da/. 

These children experienced dificulties discriminating these syllables when they were presented 

with shon ISIS. However, using the same procedure with easily discriminable pairs of syllables. 

/bal-/sa/ and /da/-/Sa/, Mody and her colleagues (in press) found that children performed 



perfectiy even at short ISIs. These findings show that reading-disabled children's difficulties 

discrirninating ha/ and /da/ is not the result of impaired temporal processing or deficient 

processing of rapidly changing accousûc information. These resuits suggest that the impaired 

performance on Tailal's TOJ rask arises fiom difficulties in discriminating between sirnilar 

syilables that are presented in rapid succession. Therefore, disabled readers may perform pooriy 

on TOI tasks because the task is sensitive to subtle deficits in discriminating phoneticdy similar 

phonemes, rather than impaired auditory temporal processing, per se. 

The Mody et al. (in press) findings suggst a basic confusion that recurs in each of the 

timing deficit theories, which is the conhsion between the concepts of temporal perception and 

rapid perception (S tuddert-Kennedy & Mody. 1995). Temporal processing refers to the 

perception of the temporal propenies of events. These include the duration, sequencing. and 

rhythm of events. This contrasts with rapid perception, whch refers to the ability to process 

rapidly presented stimuli. However, in the literature there is often confusion regarding the 

distinction between these concepts. Temporal perception is often equated with both sequential 

perception and the perception of rapidly presented stimuli. This distinction is important because 

performance on tasks involving the perception of rapidly presented sequences, such as Tailal's 

TOJ task, is also dependent on one's ability to process stimuli of bnef duration. In other words, 

if one cannot discriminate between stimuli, one would be unable to report the order in which the 

stimuli were presented. Therefore, performance that appears to reflect irnpaired sequential 

performance may, in fact, "stem fiorn a more primary perceptual deficit that affects the rate at 

which they can process perceptual information" (Tdal, 1980. p. 193). 

Aithough it remains controversial whether TalIal's TOJ paradigm reveais auditory 

temporal processing deficits, or impaired discrimination of sirnilar phonemes, other paradigrns 

that are more clearly temporal in nature have revealed ciifferences between normal and disabled 

readers. For example, McCroskey and Kidder (1980) found that reading disabled chddren 

required longer ISIs to detect a temporal gap between two identical tones. Another set of tasks 

involved cornplex judgments of rhythm. Note that judgments concerning rhythm may be 



considered exemplars of temporal processing (Studdert-Kennedy & Mody, 1995). Zurif and 

Carson ( 1970) demonstrated that dyslexics were infenor in processing auditory (and visudly) 

pattemed stimuli. Disabled readers performed significantly wone than normal readers on the 

Seashore auditory rhythm test (Halstead, 1947) and its visual analogue. This task requires 

subjects to judge if two rhythmic patterns tapped out in quick succession are the same. 

Performance on these temporal pattern discriminations correlated significandy with reading skill. 

In fact, performance on the auditory and visual versions of the Seashore rhythm test shared 29% 

to 34% of the variance. respectively, with word recognition. McGivern, Berka, Languis and 

Chapman ( 199 1 ) replicated Zurif and Carson's ( 1970) findings with a younger sample of 

children. Thus, the Seashore Rhythm Test's successful discrimination between dyslexics and 

normal readers provides support for the association between rapid auditory temporal pattern 

recognition and successful reading. 

in sum, the pattern of results yielded by Talld's temporal order judpen t  task leads to 

equivocai interpretations. Whle they suggest disabled readea rnay suffer from auditory 

temporal processing deficits. irnpaired pefiormance on TOJ tasks rnay stem from difficulties in 

discnrninating between phonemes. However, studies that show that nomal readers outperform 

reading-disabled children on gap detection and rhythm detection lend support to the temporal 

processing deficit hypothesis. 

Evidence Regârdinrr Visual T e m ~ o r d  Processinc Deficits in Deveio~mentai Dvslexia 

Like the existence of an auditory temporal processing deficit, the role of a visual 

temporal processing deficit in developmental dyslexia has proven to be controversial. A growing 

body of evidence suggests that in cornparison to normal readers, disabled readers may have some 

underlying difficulty in visual perception (for reviews, see Willows, 199 1; Willows, Knik & 

Corcos, 1993). However, such a theory has proven to be con~oversial. For example, while 

researchers such as  Lovegrove (Lovegrove, Martin & Slaghuis, 1986) have reported that 75% of 

disabled readers they had tested exhibited visual processing deficits, most other attempts at 



classification have found only 4 to 16% of the disabled readers had some type of visual, spatial 

or percepnial deficit (Rayner, Pollatsek & Bilsky, 1995). In order to evaluate these discrepant 

claims. one must fmt examine the tasks used to generate these conclusions. 

The two types of paradigms have been used most often to determine whether normal and 

disabled readen differ in their speed of visual processing: temporal integration tasks and 

backwards masking tasks. Temporal integration tasks are used to assess visible persistence. or 

the length of time an item can still be perceived after the eye has ceased to fixate upon it 

(Coltheart, 1980). These tasks may involve the presentation of two identical stimuli in close 

temporal sequence (e.g., Lovegrove et al., 1986; O'Neill & Stanley, 1976). or the successive 

presentation of two different stimuli (e.g., Stanley & Hall, 1973). The minimum length of the 

ISI between the two stimuli that an individual requires to report that the stimuli are separate, the 

"separation threshold", reflects the duration of visible persistence for the first item (WiUows, 

Knik & Corcos, 1993). Using these procedures, a number of researchers have found evidence 

that visible persistence is significantiy longer for disabled readers than non-disabled readers. For 

example, Lovegrove and his colleagues have demonstrated that children with specific reading 

disabilities required longer ISIS to detect a blmk screen between two sine-wave gratings at low 

spatial fiequencies than normal readers (Badcock & Lovegrove, 198 1; Lovegrove. Heddle & 

Slaghuis, 1980; Lovegrove et A., 1986). In fact, the children's separation thresholds were found 

to be predictive of reading ski11 (Lovegrove. Slaghuis. Bowling, Nelson & Geeves, 1986). 

Converping evidence for longer visuai penistence in reading-disabled children has been reported 

by a nurnber of laboratones (e.g.. Di Lollo et al., 1983; O'Neill & Stanley, 1976; Stanley & Hall. 

1973). 

While temporal integraüon tasks measure visible persistence, the other type of paradigm, 

backwards masking, measures the rate of information pick up in the early stages of information 

processing (Rayner & Pollatsek, 1989). Like the temporal integration task, two stimuli, the 

target followed by the mask, are presented in rapid succession. However, in backwards masking 

what is measured is the interval between the onset of the two stimuli (the stimulus onset 



asynchrony, or SOA) at which processing of the second stimulus no longer interferes with the 

processing of the fust. Simply. a longer critical SOA reflects slower processing of visual 

information. Several studies using the bachards  masking paradigm have shown that disabled 

readers have longer critical SOAs than age-matched controis (Di Lollo et al.. 1983; Lovegrove & 

Brown, 1986; Mazer, Mchtyre, Murray, Till & Blackwell, 1983: O'Neill & Stanley. 1976: 

Stanley & Hall, 1973). Therefore, in addition to having longer visible persistence than age- 

matched controis, disabled readers appear to process visual information more slowly. 

However, not al1 studies using temporal integration and backwards masking paradigms 

have revealed differences between normal and disabled readen. A nurnber of classic studies 

have failed to find impaired visual processing deficits in disabled readen (e.g.. Amen & Di 

Lollo. 1979; Fisher & Frankfuaer, 1977; Momson. Giordani & Nagy. 1977). Although Kruk 

(Knik. 1991: Knik & Willows. 1993) demonstrated that dysiexic children were less accurate than 

normal readers on a backwards masking paradigm, there was no evidence of a reader group by 

SOA interaction. The lack of an interaction contradicts a key prediction of the temporal 

processing deficit hypothesis: that disabled readers' performance would be impaired vis-à-vis 

normal readers by short SOAs but not by long SOAs. Sirnilarly, Fanner and Klein (1993) 

recently found that dyslexics did not have larger separation thresholds than either chronological- 

age matched or reading-level matched children in a temporal integation task. Rayner and his 

colleagues aptly surnrnarize the position of critics of visual processing deficits in their conclusion 

(Rayner et al., 1995) "While there are undoubtedly sorne dyslexics who have visual problerns, 

most of the research on dyslexia suggests that problems with reading caused by the visual 

mechanisms ... are quite rare (p. 506)." 

In sum, review of the literature reveals that there is a lack of consensus regarding the role 

(and existence) of visual temporal processing deficits in developmental dyslexia. While a 

number of researchers convincingly argue that temporal visual processing may be the cause of 

sorne types of developmental dyslexia (e.g., Lovegrove et al.. 1986; Willows, 199 1 ), others argue 



equaliy convincingly that such a hypothesis is implausible (e.g., Hulme, 1988). This thesis will 

attempt to at least partially resolve some of the conaoversies surrounding this issue. 

Evidence Reeardin~  Domain-General Tem~oral Processino Deficits in Deveio~rnentai Dvslexia 

L a n a u e  Production and Motor Control 

Proponents of the fmt two variations of the timing hypothesis argue that temporal 

processing deficits are limited to perception. However, proponents of a domain-general temporal 

processing deficit have argued that the difficulties expenenced by disabled readers are not 

restricted to the perception of rapidly presented sequences of stimuli. This stems from the 

observation that dyslexics experience difficulties in language production. For exarnple, Cans 

( 199 1) reported that poor readers have a variety of problems pronouncing a variety of linguistic 

material. These problems are apparent in the production of farniliar but phonologically complex 

words and phrases, such as "cinnamon" and "seashelis", the acquisition of new words (especially 

multisyilabic words), and the production of complex phonological sequences (Gathercole & 

Baddley, 1987; Taylor, Lean & Schwartz, 1989). Wolff, Michel, an Ovrut (1990b) compared the 

ability of dyslexics to repeat syllables at prescribed rates to the performance of normal readers 

and learning disabled adolescents without dyslexia. Dyslexies deviated from the prescribed rate 

more than the cornparison groups, aiways repeated syliables too slowly. and made more 

sequencing errors than either cornparison group. While the performance of al1 groups 

detenorated as the prescribed rate increased. dyslexics were penalized by the fastest rates to a 

muc h greater extent than the normal readers and learning disabled subjects . Therefore, dyslexics' 

abiiity to sequence verbal stimuli appears to be very sensitive to temporal constraints. 

It is important to note that the verbal deficits reported by Wolff et al. (1990) were greatest 

at the fastest speeds. Rate variables also play an important role in dyslexics' deficits in 

automatized naming tasks (Wolff. Michel Br Ovrut. 1990a). The Rapid Automatized Naming 

(RAN) paradigm has been used to provide strong evidence for processing speed deficits in 

dyslexia (Denckla, 1972; Denckla & Rudel, 1976; Wolf, 199 la, 199 L b). In this pandigm, 

subjects are given a card containing several rows and columns of stimuli which they must name 



as quickly and accurately as possible. A variety of studies have found that dyslexics name 

pictures, colours, letters and digits more slowly thm normal readers (Ackerman, Dykrnan & 

Gardner, 1990; Bowers & Swanson, 199 1; Bowers & Wolf, 1993; Katz, Curtiss & Tallal, 1992; 

Torgesen, Wagner, Simmons & Laughon, 1990: Wolf, 199 1 a, 199 lb: Wolff et al., 1990a). Even 

when the RAN task is simplified by presenting stimuli individually, dyslexics still show speed 

deficits (Bowers & S wanson, 199 1 ; Fawcett & Nicolson, 1994; Wolff et al.. 1990). Bowers and 

Swanson's ( 199 1) investigation of dyslexics' speed deficit in retrieving narnes was assessed using 

both the continuous list and discrete-trial methodologies, with discrete trials presented at slow 

and rapid rates. Although dyslexics named digits more slowly dian average readers in al1 

conditions, the group differences are larger on the continuous list format. On the discrete-nids 

of the RAN, reader group interacted with presentation speed, such that poor readers were 

especially penalized at rapid rates. This replicates Wolff et d.'s ( 1 WOa) finding that dyslexics 

showed no naming impairments when stimuli were presented slowly, but were heavily penalized 

by rapid presentation. If naming speed refiects the precise timing mechanism necessary to 

integrate phonologicd codes (Bowers & Wolf, 1993)- dyslexics' impaired performance at rapid 

speeds may be caused by deficits in their timing mechanisms. 

One might argue that slow performance on the RAN task reflects languap problems. 

such as irnpeded word reuieval. rather than a deficient timing mechanism. However, work by 

Katz and his colleagues (Katz et. al., 1992) suggests that impaired RAN performance rnay result 

Born an impaired timing mechanism. In their study, the standard, oral version of the RAN was 

paired with a manual version. In the manual version of the RAN, language impaired and normal 

children pantomimed the functional use of five objects instead of naming them. These objects 

were HAMMER, TOOTHBRUSH, COMB, FORK, and BALL. Language impaired children 

perfomed more poorly than controls on both venions of the RAN. An important finding was 

that performance on the oral and manual versions of the RAN were significantly correlated for 

ianguage impaired children, but performance on the two tasks was unrelated for normal children. 



Katz suggests that these data show that the language impaired children's RAN deficits reflect a 

domain-general impairment in processing rapid sequential stimuli. 

However, while Katz et al. 's ( 1992) study rnay be suggestive of a common timing 

mechanism involved in rapid naming and motor sequencing abilities, one might also argue that 

performance on the manuai version of the RAN is hguistically rnediated. One reason for the 

correlation between manual and oral versions of the RAN for language-impaired children rnay be 

that these children have difficulties retrieving the names and the functional uses of the objects. 

Retrieval of the objects' narnes and hc t iona l  uses rnay be the rate-limiting factor in the task. Lf 

retrieval of an object's name or use is the rate iimiting factor. than performance on the two tasks 

would be conelated. In the case of normal children, word retrieval (or the retrieval of 

semantically related items. such as die functional uses of objects) is no longer a rate-limiting 

factor in the two tasks. so performance on the tasks are uncorrelated. Therefore. while the 

impaired performance of language-impaired chiidren on both manual and oral versions of the 

RAN rnay reflect a domain-general temporal processing deficit. a viable alternative hypothesis is 

that it rnay be linguistically mediated. 

There is an additional reason why Katz and his colleagues' (1992) results must be 

interpreted with caution. Although dyslexia rnay be conceptualized as a milder forrn of a 

language disability (Catts. 199 1 ; Scarborough, 1990; S tanovich & Siegel. 1994), one cannot be 

sure that their findings can be generaiized to individuals with reading disabilities but who are not 

language-irnpaired. However, work by Wolff and his colleagues suggest that dyslexies do have 

deficits in the rate and timing precisioo in bimanual coordination (Badian & Wolff, 1977: 

ECficpera, Wolff & Drake, 198 1; Wolff, Michel, Ovmt & Drake, 1990~).  Badian and Wolff 

(1977) found that reading-disabled boys could coordinate tapping a single finger in beat with a 

metronome as well as younger average readers. However. when they were asked to altemate 

hands, dyslexic boys' tapping deteriorated and was worse than the younger boys. Similady, 

Klicpera et ai. (198 1) bund that dyslexic adolescents tapped as weil as normal readers when they 

eiiher used one hand. or both han& in unison. However, when they altemated hands, their 



performance deteriorated much more than the nomal readers. Finally, Wolff et ai. ( 1990~) 

explored how the rate of the metronome might influence performance. While dyslexic adults 

and adolescents could tap in altemation as well as normai readen when the metronome was set at 

slow rates, dyslexies' performance was impaired at fast rates. It is important to note that this 

impairment is unique to dyslexia and not leaming disability in general. Leaming disabled 

adolescents who were not dyslexic tapped as well as normal subjects, even at the rapid rates. 

Therefore, impaired tapping ski11 is unique to developmental dyslexia, and not learning 

disabilities in general. 

In sum, several studies have suggested that disabled readers have irnpaired performance 

on perceptual, Ianguage production and motor tasks which require rapid processing. These 

findings provide a rationale for the W e r  investigation of temporal processing deficits in 

developmental dyslexia. Nevertheless, these studies are not without their crirics. 

Limitations in the Literature on Timing Deficits 

Although several studies have suggested that temporal processing deficits underlie 

developmental dyslexia, there are some serious problems in the literature. The first problem--the 

Achilles' heel of the theory--is as follows. The majority of the research studies attempt to Link 

temporal processing deficits with reading disabilities. In fact, many propose that the temporal 

processing deficit underlies the phonemic deficit characteristic of dyslexia ( e g .  Farmer & Klein. 

1995; Tallal. 1980). However, with the exception of Bowers and Swanson ( 199 l), few can Li& 

temporal processing deficits with the phonological core processes because they have examined 

few, if any, phonological measures. Although TaJial ( 1980) found a significant Speannan Rank 

correlation between performance on her TOJ task and pseudoword reading, Bowers and 

Swanson failed to find significant correlations between measures of digit naming speed and 

measures of phonological processing and phonological awareness. However, naming speed did 

contribute unique variance to word recogmtion, independent of measures of phonological 

awareness. Although Bowen and Swanson's findings present an important link between naming 



speed and reading skill which supports the temporal processing deficit hypothesis. it has also 

been argued that naming speed is a rneasure of phonological processing. In fact, Wagner and 

Torgesen (1987) have argued that the RAN paradigm assesses phonological recoding in lexical 

access, or name retrieval. if slow naming rates reflect phonological deficits but not temporai 

processing deficits. than there is no evidence providing causal links between timing deficits and 

reading failure. In short. the three variations of the timing hypothesis assume that impaired 

temporal processing is the cause of the phonological processing deficits without directly testing 

these causal Links. The purpose of this thesis is to directly examine the relationship between 

temporal processing, phonological processing and reading skill. 

A second serious problem in the literature Lies in the selection of dysiexic subjects. The 

cnteria for the classification of dyslexia is often based on performance at least one to two years 

behind grade level on a reading comprehension test, which generdly is discrepant with IQ scores 

(e-g.,  Fawcetr & Nicolson, 1994; Wolff et al., 1 WOa, 1990b; Zurif & Carson, 1970). This 

criterion for subject selection is problematic. First, the use of a reading comprehension test is 

questionable (see Siegel & Heaven. 1986). Poor performance on reading cornprehension tasks 

may result from poor memory, attentionai difficulties, and language impairments. in addition to 

deficient decoding skiIis. 

Another problem in subject selection Lies in the use of a discrepancy of reading Ievel 

from IQ as a means of classifying dyslexies. A growing body of research has shown that the 

degree of aptitude-achievement discrepancy is unrelated to word recognition performance of 

children with RD (Das. Mishra & Kirby, 1994; Felton & Wood, 1992; Fletcher. Francis, Rourke, 

Shawitz & Shaywitz, 1992; Fletcher, Shaywitz, Shankweiler, Katz, Liberman. Stuebing, 

Francis, Fowler & Shaywitz, 1994; Shaywitz, Fletcher, Holahan & Shaywitz, 1992; Siegel, 

1988, 1989, 1992; Stanovich, 1991; Stanovich & Siegel, 1994). For example, Felton and Wood 

demonsuateci that reading-disabled children with low IQ scores do not differ from those with 

higher IQ scores in a variety of tasks that were related to reading. These tasks included 

pseudoword reading, the decoding of single words, and passage comprehension. Sirnilarly , 



indicators of poor reading, such as weak phonological sensitivity, is uncorrelated with IQ scores 

(Fletcher et al., 1992). Thus, the literature provides strong evidence that aptitude-achevernent 

discrepancies are irrelevant to the definition of dyslexia. Therefore, when researchers remove 

dyslexic subjects whose reading scores are not discrepant from their iQ scores kom their 

sarnples, they may have altered the nature of thek sarnple. Thus. this thesis will atternpt to avoid 

these problems by using the objective measure of WRAT3 reading scores below the 26th 

percentile as the criterion for dyslexia. 

Finally. a related problem lies in the selection of controls. Most of the snidies failed to 

include as controls reading level matched children. The use of reading-level controls is 

important in understanding the nature of reading disabilities (Bradley & Bryant, 1983; Bryant & 

Impey, 1986; Felton & Wood, 1992; Olson et al., 1989; Stanovich & Siegel, 1994; Stanovich et 

al., in press). By comparing the older. disabled readers to younger, normal readers, one c m  tease 

apart whether the reading disability results from the slower development of cognitive skills, or if 

the reading disability reflects a developmental deficit. If disabled readers' performance differs 

from that of the reading-level connols. one rnay infer that their performance is the result of a 

m e ,  selective deficit (Felton & Wood, 1992). However, if less-skilled readers' performance 

matches that of the reading level match, their performance may by explained by the slower 

maturation of reading. Therefore, the failure to include reading-level controls has been a senous 

problem. While authors, such as Tallal, have argued that an auditory temporal processing deficit 

underlies the phonological core deficit of developmental dyslexia the absence of reading-level 

controls has prevented the precise evaluation of the specificity of the deficit hypothesized. 

S u m q  of the Rationale for the Present Study 

Although the temporal processing deficit hypothesis has attracted growing attention as a 

causal explanation for reading fadure, the body of evidence supporthg it has some serious 

limitations. Of panicular importance is the absence of empincal support for the basic 

assumption that impaired temporal processing is the underiying cause of the phonological deficit 



that characterizes developrnentd dyslexia. Therefore. in its investigation of the temporal 

processing deficit hypothesis of developmentai dyslexia, the current thesis directly tested the 

causal Links between temporal processing, phonological awareness and reading faiiure. This 

investigation will adopt a multivariate approach, in which variables relevant to the phonolgicai 

core deficit wiii be included dong with a variety of timing tasks in various domains. The 

multivariate approach enables the use of severai statistical procedures, such as regression and 

commoaality analyses, which clarify the relationship between the timing variables. phonological 

processing and reading skill. The use of several statistical procedures enables one to determine 

if group differences on the timing tasks are meaningfui as a causai explanation for reading 

failure. Finaily, the use of younger, skilled readers as a reading-ievel match wouid shed light on 

the specificity of the hypothesized timing deficit. Thus. the goal of this thesis is the critical 

examination of temporal processing deficit hypothesis of developmental dyslexia. To achieve 

this goal. the foiiowing research questions were addressed. 

1) Do disabled readers suffer ficm impaired temporal processing? If so. what is the 

nature of this deficit (i.e., is it restricted to auditory and/or visuai modalities, or is it a domain- 

generai deficit that affects perceptual. verbal and motor capacities)? [f so. would impaired 

temporal processing best be descnbed using a manirational-lag or a deficit model? 

2) What is the relationship between temporal processing and phonological processing'? 



METHOD 

Partià~ants 

Thirty adults w erc classilied as disabled readers (RD; 17 fernale md 1 3 male) based on their 

performance (reading at or beiow the 25th perœntile) on the readiig subtest of the Wide Range 

Achievement Test - 3 (WRAT-3; Tan F m ;  Wilkinson, 1995). Thty-two dults who were reading 

above the 29th percentile on the WRAT-3 served as chrondogical-age controls (CAC; 16 f e d e  and 

16 male). Thirty-one children who were normal readers, reading ator above the 30th percenule on 

the WRAT-3 reading subtest served ;s reading-level conmls (RLC; 19 fernale and 12 male). AU 

partiapants were native hglish. The mean agr: for the adults classifed as disabled readers was 

25.23 years (SD 5.96 years), and for CAC aduls was 25.43 years (SD 7.4 years). The m age f a  

chi lhn was 9.73 years (SD 1.57 yeas). The psychoeducatioml prof& of each group are 

presented in Table 1. 

Most participans were referred to this study by paents, schools, or social agericies. Many 

of the 16 CAC participants who had ken refened to the study have experienced difficuries in school 

or wished to reaim to sclmol afier a prolonged absence. The participation of 16 CAC md 2 1 RLC 

subjects was remited t h u g h  advertisements seeking skiUed readers. Aduh who had been 

recruited through advex-tisements were paid W0.W for k i r  participation, while children who were 

recruded through advertisements were paid $20.00. 

Procedure 

AU pa-ticipan ts were tested individually in a single session. The erihre b a n q  w as 

administered to adults, and lasted qproximately 5 h o u .  Howewr, due &O fatigue md the length of 

the entire battery, only a subset of the experimental tasks were administered to children. The testing 

session for chiklren inchidecl at leas t one rn k from each domain of the timing tas ks. The s hortened 

baneiy for chikiren involved appraximately 3 houn of testing. After participanîs had giwn 

infomd consent, a battev of standardized reading and intelligeme measures, phonological ta&, 



and "timing" tasks were acimimstered. The timing iasks were designeci to tap percepual. manual and 

oral mtor prof~iency . 

Table 1. 

Partici~ant Characteris tics 

Dy slexic Adults CAC Adults RLC Children 
(n=30) (n=32) (n=3 1 )  

Mean S.D. Mean S.D. Mean S.D. 
Age ( y e w  25.23" 5.96 25.43 "" 7.40 9.73 O. 1.57 

Estimated full sale IQ 

WRAT3 Reading 
Raw Score 

Percentile 

WRAT3 Spelling 
Raw Score 

Percentile 

WRAT3 Arithme tic 
Raw Score 

Percentile 

WIAT Listening 
Comprehension 

Raw Score 

Percentile 

Note: Means with different superscripts differ significantly. 



Standadized Maures.  In addition B the reading subtest of the WRAT-3 (Tan form), an 

participants wen: adminisered the spelling a d  arithmetic subtesû of the WRAT-3 (Tan form). 

Form G of the Word Identification subtest of die Woodcodc Reading Mastery Tests (Woodmck, 

1987) served as a second measure of word recognition ability, whik the Word Attack subtest of die 

Woodcock Reading Mastery Tests (Form G) w as adminis tered as a test of pseudoword readhg. 

Ord comprehensbn was assessed uskg the lisening compehension subtes t of the Wechsler 

Individual Achievement Test (WIAT; Wechsler, 1992). Ad& ' reading cornprekns ion w as 

assessed us ing the Nelson Demy Reading Comprehension Test (Brown. Nelson & Demy, 1973), 

whde the S tanford Diagnostic Reading Test (Fonn G: Karken & Gardner, 1985) measured 

children's reading compreknsion. Fmally, tk vocabulay, block design, digit span aid digit symbol 

s ubtests of the Wechsler Adult Inteagence Saie - Revised (WAIS 43; Wechsla, 1 98 1 ) were 

admiktered to ail participants aged 1 6 years and older. Y ounger participants receiwd the 

vocabulary, block design, digit span and coding subtests of the Wochier intelligence Scale for 

Children (WSC; Wechsler, 1974). 

Phonobgical Sensitivirv. Two tasks were used to assess phmological sensitivity. Fin t 

Rosner's Auditory Analysis Test (Rosner & S imm. 197 1 ) was admuustered. This tas k requires 

participants to delete phmemes and syllables from words. In dils task, the experimenter asked the 

partiapant to repeat a word, such as "cowboy". After me participant repe*d the word correcdy, the 

experimenter asked what sainds would remah if a part of the word, such as %oyty", was deleted (the 

as tute reader w d d  note rhat the carect response is "mw " ). Participants were then given tw O 

addithal practice items, in w hich they deleed "tooth from '-toahbrus h" md hl frorn "sat". These 

practke items were foilowed by 40 fest items arranged qproxirnately in ascending dificulty, 

requiring participants to delete syiiables from compound words. and single phonemes horn the initial 

and fmal positions in words. They deleted single phonanes from blends m the initial or final 

posithn or intanal to tk blend. Participants were ako asked to delete the rnediai syllables from the 

frnal items, SOUE of which did not km real words. The maximum score on this task was 40, and 



the overail mean score w as 27.60 w ith a standad deviation of 9.32 The split-haif ieliability of this 

task , as dculatedby the S pearnian-Brown aorrected aorrelation was 96. 

Phonobeicai Codina This task was an adaptdon of Olson. KLiegl Davidson and Fon's 

( 1985) Phonologkai Choice Task. w hich taps ptmnologicai recoding ski11 without requiiing the ovea 

pronurriation of pseudowords. In this task, pamcipann were presented 26 pairs of pseudowords, 

such as knke-hke, wriaen on cards. One peudoword in each pair was a peudohomophone. Tha 

is, it sounded iike a reai word when pronounced. Participants pomted to the pseudoward they 

thoughi was a pseudohomoplione. The number of pseudohomophones conectly identifedwas used 

as the dependent measure. with a maximum score of 26. Across the three groups, the mean of this 

task was 22.17 and the stndard deviation was 4-03, The split-hdf reiiability for this task 

(S pearman-Brown corrected correlation) was .85. 

O r t h o ~ a ~ h i c  Semitivity . The Orthographie Choice Task (SiegelT S hare & Geva 1995: 

Stanovich & S iegel. 1994) testd participants' knaw ledge of spelling patterns in Englis h by requiring 

them a, make word-likeness judgrnenü. Jh this task, participants were s hown 17 pairs of 

pseudowords, such as milg-miln. wriuen on cards. One peudoword in each pair only cmtained 

orthographic patterns dia occurred in English, w hile tk other ccntained at least one orthographic 

pattern that did not occur in Engiish. Participants pointed to th: pseudoword that t k y  thought was 

more word-like (i. e.. the one that did not contain any ilkgal s p e h g  patterns ). The number of w ord- 

Like pseudowords correctly idenad served as the dependent measure, and yielded a maximum 

score of 17. The overaii mean score on this task was 14.16, with a standard deviathn of 2.19. The 

Spearrnan-Brown aorrected split-haifreliability for this task, at -55, w a  unfortunateiy quit iow. 

Experinentd Woids. Participants were presaited a set of 48 words taken largely fran the 

set investigated by Coltheart and Leahy ( 1992). The expimental words varkd dong the 

dimensions of r~ularity n d  consisiency (see Coltheart & Leahy, 1992; Glushko. 1979; Paiterson & 



Morton, 1985; Seidenberg, Waters, Bmes & Tarmenhaus. 1984: Taraban & McCldland. 1987). 

Regularity refers to the degree of the predicoibility of the pronunciations of words based on tk 

assumpion that srnail-unit orthographie uni& (e.g. graphemes) are emplo yed in the w ord recognition 

process. Consistency refas to thedegree of predictability of tk pronunciations of words based on 

the assumption that largeunit onhographic units (e.g. word bodies) are usad in the word recognition 

process. These dimensions are orthogonal in theory. When the two are crossed. they yield the four 

categories from which 36 of the 48 words weredrawn. The fmt  c e g a y  of regular-consistent 

words (e.g., stdf) contasied vowels pronounced with th& most m u e n t  s d - u n i t  correspondence, 

based on a context-free count of grapheme-phoneme correspondences (see Berna Reggia & 

Mitchun, 1987). and had word bodies (e.g., -m with ccnsistent pronunciakns. Regular- 

inconsistent words (e.g., 'paid") aiso contained vowels that were pronounced with the? most 

fiequent pronunciation. but had neighbours tha shared the same word body and that were 

pronounced differendy (e.g., "said" is a neighbour of 'paid"). hegular-mnsistent words (e.g, 

"waik") are those thai have vowel pmnunciations which are not the most comrmn. but hme rriiuiy 

neighbours that share thei word bodies and pmnunciatims (e.g., "walk" and ''taik"). Finally. the 

categury of irregular-inconsis tent words (e.g, "pint" and "broad") included words w ith uncornmon 

vowel pronunciations that have m ~ i y  neighbours w hose word bodies are pronounced differently. 

The 12 rernaining words weie considered "unique" (Seidenhrg et ai, 1984: Waers & Seidenberg, 

1985). These words have Bregular pronunciatons, and fkw orthogmphic neighbours (eg., ''yacht" 

and "aisle"). 'Ihese categories were used to illustrate the variability of the stimuli dong these 

dimensions. However, in ihis study, regulamy and consistency were investigated as continuous 

variables, ratha than as the discreîe cakgones presented above. 

A Classic II Madntosh conputer running Superlab 1.6.8 was used b a h  to present stimuii 

and to record response Iafmcies. Each word was presentd in bladc Geneva 12 point font, centeied 

on the white cornputer scren. for a maximum of 5000 ms. Participmts attemped to rexi each word 

aloud. Voice omet tenninated the presentatian of each stimulus, and was foliowed by a 1000 ms 

intersrilulus interval (ISI). The pronunciatbn of each word was recorded by the expaimenter. 



Respome latencies were calculated by the compter as tk interval betw een he  s tirnulus onset a d  

voice onset Two types of errors were recorded. Words that were pronounced incorrecdy were 

scored as errors. AU responses wiih latencies under 200 ms were considered mistrials while b s e  

with kncies  over 1500 rn were scared as laency erroa. Subjects whose response laencies wae 

extrem were identified using an outiier analysis. Outliers' scoies were cbanged accacding to the 

procedure descrbed by Tabachnick & FideU (1983, p.76). The outiying case's RT was assigned a 

latenq one unit larger (me millisecond) than the next largest laency. This procedure presems the 

deviancy of the ouùier's score wihu t  ailowmg it to k so devimt that it excessively influerres 

correlation and regression analyses. 

Experimentai Nonwords. Pdcipants attempted to pronoume 30 experimentd 

pseudowords. Fifteen of die pseudowords were drawn from the set mmpiled by Coltheart and 

Leahy ( 1992), wMe the renaining 15 were newy consû-ucied. Like the expeiimental wcads. the 

pseudowords varkd across the dimensions of regularity md consisency, repiesenring three 

categories. One set of pseudowords had -VC word bodies that were derived from regular-consistent 

words ( e g  hile and fump). A second set of pseudowords were derived from bodies of irregular- 

consistent words (e.g. jook, and naik). The final set of pseudowards, the ambiguous-mcons isteni 

set, h d  word bodies derimi from words that ire pronounced in several ways, such as mve (which 

may rhyrne with gave, have and suave) and yone (which may rhyme with done, gaie, and pbne). 

Once again, becaise regularity and cansistency were investigated as continuous variables, these 

categaies are used to ilhisfrate tk variability within this set of pseudowords. 

A Classic II Macuitosh runiing Supexiab 1.6.8 was used both to present stimuli and to 

record response latencies. Each pseudoword w s  presented in black Geneva 12 pt font, centered on 

the white cornpuer screen for a maximum of 5000 m. Participants attempted to read each 

pseudoword aloud Voice onset terminated the presentatbn of each stimulus, and was followed by a 

1000 m interstirnuius htewai (ISIJ The prmunciation of each word was recorded by the 

experimenter. Res ponse kncies  wme calculaed b y the cornputer a s  the interval between the 



stimulus onset a d  voice onset. All responses with latencies unda 200 ms were considered 

mistrials, while those with latencies over 17% rns were scored as latency errors. Cases with exireme 

latencies were identified and adjused using the procedure outlined for the experimenal words. 

The aacuracy of pronunciations was coded according to b a h  strict and lenient criteria For 

the strict critmion. all vowels and consonann had to be pronounced in accordance with vowels and 

consonants in some real words with identical -VC word bodies. For example, the pronunciation of 

the pseudoword "zave" would have to rhyme with one of tbe real words gave. have. and suave. All 

other pronunciations were scored as incorrect using the strict criterion. For the lenient criterion, the 

pronunciation of the vowel had to cunform with the pronunciation of that vowel in some real word 

with b e  same general vowel-consonant configwon. but not necessarily one with the identical word 

body. For example, the vowel in "voot" could be pronounced as the vowel in "blood" using the 

lenient criterion. but not according to the strict critmon. 

Exposure to Print The Magazine Recognition Test (MRT: Stanovih & Cunningham 1992) 

was administered to adults as an inckx of relaive differences in exposure to print. This checklist 

contained 60 tides of poplar magazines. and 30 foils. Participnts checked the titles tha~ they 

though were red magazines. The score of thk task was calculated by s u b h a c ~ g  the number of foils 

selected, divided by 0.3. from the number of real magazines selected, divided by 0.6. This formula 

yielded a maximum possible derived score of 100. All derived scores less than zero w a e  assigned 

values of zero. The overall mean score on h s  task was 39.14, with a standard deviation of 2 1.56. 

Timing: Tasks 

Rapid Automatized Naming (RANI. Participants named five monosylI&ic digits ( 1, 2, 4.6. 

and 8) in both sequential and serial variations of this task (i-e., continuous and discrete variations of 

RAN). Participmts frst completed the sequential, or continuous, version of the W, which was 

based on the task used by Denckla ard Rudel ( 1976). In this task. participmts were presented achm 

of 50 numbers plesented in a matrix of LO columns and 5 rows. The order of the digits was 



randomized, with each digit presented 10 times. Digits were p ~ t e d  using bold Techical 24 pont 

font. Participaits narned the 50 digits from kft to ri& staaing with tk top row and ending on the 

boîîom row. The total namhg tirne was recorded by the experimenter using a stopwatch. 

Participants' responses were recorded w ith a 8pe recorckr, so tha uncorrected errors could be 

enumerated. Thus, the dependent vaxiables of the sequential version of the RAN were: accuracy. 

total naming t i m  and n h g  time per digit ( ~ t a i  tirne in ms divided by 50). 

The seial, or discrete, \ersion of the RAN task was based on the rnethodoioey used by 

Bowers and Swanson ( 199 1). The Machtosh compter was used to prsent stimuli and record data 

Participants coqleted one block of ten practke items and two blocks of fm test ûials. In each aial 

a bladc digit presented in Geneva 12 pt font appeared in the centte of the meen. T k  five digits ( 1. 2. 

4. 6 aid 8). eacfi repeated ten times within b a h  blocks, were presented in semi-random order. 

Prese&on of each stimulus was &ated by voice omet, and the Iatency of participants' 

resporses was recorded by the compuer. Response latencies were Qlcuiaîed as the inerval between 

the s tirnulus onset and voke onset In the bbck of ten practice items, the letters a through j were 

presented in alphabetical order, with the subsequent letter appeaing 1250 ns after tk presentaion of 

the plevious leter had taminated. In the f i t  biock of triais, the subsequent digit appeared 1250 ms 

d e r  the presemtion of the previais stimulus had teminated. This was known as the slow 

condition. In the second block of trials, the internai between voice onset and the piesentation of the 

subseyent stimulus was 350 ms. This was the fast condkton. Beause the goal of this thesis s to 

ex& individual ciifferaices, the order of the blocks was not counterbalanced. The slow block 

w as presented frst so tha confusims whde iearning tk tas k would be minimized. AU latencies 

under 200 ms were counted as mistriais, while latencies greater ttian 1750 ms were scored as lataicy 

errors. Cases with extrem latencies were identified a d  adjusted using the procedure outlined for the 

experimental words. 

Diadochokinesis (DDK). The syliable repetition task that was used to examine the temporal 

organkation of oral movemnt at different mes was adapted from the work of Wolff, Michel and 



Ovmt ( 1990b). A MacIntosh computer was used to present stimuli and responses were saved using 

a tape recorder. 

In thk task, pa-ticipants repeated three sets of syllables in tim to the k a t  of a rrietronome. 

The sets included tw O pairs of s y Uables, "pa-ta" and 'b-ka", and one set of three s yilables, 'Pa-ta- 

ka". Once a ûial began, the computer emitted a 1000 Hz tone for ms at reguiar intenmls . Parricipants 

immediately atkmpted to synchronize theû repetition of the sy ilables w ith the tones. The f ~ s  t s y liable 

of e& set was synchroniaed with tk beat of the metromme. while the set's subsequent syUables 

were uttered in between beats. Thus, w hen participants repeated 'va-ta-ka7', the "pa" w as uttered 

with the tone, whiie "ta-ka" was umred in the interval between tones. Participants were required to 

repeat the pairs of s y Ilables at leas t frfteen Mies and pa-ta-ka a minimum of ten h s  w ithout 

stoppmg. If aparticipant stopped in the middle of a aiai. that trial was repeated at the end of the mk. 

Participants repeated each set of syilables at the two rates employed by Wolff et al. ( 1990b). 

Thus, there were six sets of trials in this risk. For ihe slow rae, the cmputer "beeped" every 556 

ms for tw O-syilable sets aid 833 for the thresyllable string. 'Ihus the s bw speech rate required 

participants to utter a syllable evay 178 ms. For the fast rate, the computer emitted a tone every 326 

ms for the two-syllable sets and evay 162 ms for the three-syilable set. Therefore, participants 

uttered a s yilable every 163 m in the rapid trials. 

Three rneasures were obtairvrd for each trial and at each speed: a) Speech Squencing Errors 

inclukd deletims, incorrect repetitions, rewrsals (eg., "'ta-pa" instead of "pa-ta") and intrusions 

(e-g., 'Ta7* replaced with "ga"). A maximum of one error was scored for any suing of three syilables. 

b) Time Coherence refemed to the success with w hich participaras s ynchmized the firs t s y llable 

with the tones. The standard deviation of the intervals berween the utterance of the first syllable of 

each sequence q ~ a n ~ e d  pamcipana' temporal coherenœ. c) Speech Rate reflected partkipants' 

success at repeaing the syllable sequences at the presuibed rates. The mean interval between the 

utteraice of the fus t s y Ilable of each sequence was used as the speech rate 

After completing the syllable repetirion task. a mauimim repetition rate was obtaïned. Four 

repetiïon rates were obtained, one for each of the syUables pa, ta, and IQ, and die sequence pa-ta-ka. 



When the expeWnter told hem to begin, padcipants cepeated each of these as rapidly as possible. 

After five seconds, ihe expeperimenter told the participam to stop. The number of repetitions for each 5 

second trial was used as che maximum repetition rate. 

Gao Detection. iMany authon have used gap detechon tasks to determine the minimum 

interstimulus inîerval (ISI) necessay for a person to perceive thaî a stimulus has been intemipted by 

a temporal gap (see Farmer & Klein. 1995 for areview). Gap detedon requires one to perceive the 

preseme of a stimulus. followed by its absenœ and subsequent reappearance. Because performanœ 

may vay across sensory modatities, the gap dcfection task was adniinistered both visually and 

auditorily. 

Visuai Gap Deteaion. The visual gap detectim task was based on the paradigm used by 

Lovegmve and ha coileagms (Badcock & Lovegmve, 198 1 : Lovegrovg Hedde & S laghuis, 1980: 

Lovegrove. Slaglmis, Bowling, Neison & Geeves. 1986). In this task. participants deckied wherher 

the presented stimulus flickered on the cornpuer monitor. 

A Machtos h compter runnïng S liperlab 1 -6.8 w as used to both presait stimuli and collect 

res ponses . The screen' s brightness was dimmed to the lowes t sethg to d e  discriminaion more 

Thexe were 160 trials in t h  task For 80 trials, a iine grating was presented in the centre of 

the computer screen for 170 m. Thse  were tk "no flidcer trials". In the 80 "ficker" triais, two 

idenka1 Line gratings w a e  presenied successively. e& one for 75 ms. *se gatings were 

s e p a ~ d  by inervals of0,20,40,60. 80. 100. 140, a d  180 rns. 16 ms were required to "'write" the 

screen Therefore. with he additional t h e  required to wnte the screen, die eight LS 1s were 16, 36. 

56,7496, 1 16,156, and 196 rns. Ten tnaIs were presaited using each of these ISIS. The order in 

which these aiais were presented was randomkd for each participant 

Each trial began with the presentation of a bkck asterkk in the centre of the screen for 500 

m. m e  screen was blank for a 500 ms interval. Then, the iine graiing(s) were presaited. The 

screen w as blank until the participant had made a respome. Once a response had been d e ,  the 

next üid began Participants were iosîructed to press "b" key, which was marked widi a blue sticker 



if the stimulus fiickered, or flashed on the screen twiœ. Participants wexe also instructed to press the 

"n" key, w hich was labeled w ith a red s ticker. if the sàmulus only flas hed once. All responses were 

made using the mdex fmger of the dominant haid. Responses under 200 rns were scored as 

misaals, and iesponses bnger than 1750 ms were scored as latenq errors. Cases with extreme 

scores were idenîified and adjusted using the procedure outlined for the expimental words. As a 

meastue of reliability, ttr: median Spearman-Brown conecfed correlation between response latencks 

in the flicker condition was used, which was 97. 

Auditory Gap Deûxtion. This tas k was the audiiory analogue of the visual gap detection 

tas k. In this ois k, participants decided w hether they heard one tme or tw O tones presented in rapid 

succession. 

A MacIntosh compter running S uperlab 1.6.8 was used to both present stimuli and coikct 

responses. There were 160 trials in this task. For 80 ûials. a 1000 Hz tone was presented over 

headphones for 170 rns. Thse  were malogous a the "no tlicker trials" in h e  visual gap detection 

task. In the 80 trials ihat contained a gap, two 1 O00 Hz tones were presented successively . for 75 ms 

each. The two tones were separated by intervals of silence. These hîervals wae  5. 10, 15. 20. 25, 

35.45. and 60 m. For e s h  ISI. tm trials were presented. A different rrndom order was used to 

present these bals to e s h  participant. 

Each Uial began w ith the presentathn of a biack asterkk in the centre of the screen for 500 

ms. Then, the screen w as blank. A h r  a 500 rns interval, the tone(s ) were presented. Participants 

resporded whether they hesd one tone or two. Once a response had been made, the next trial began. 

Participants indicated tha  they heard one tom by pressing the "n" key, whrh was marked with ared 

stick=, and two tones by pressing the "b" key, which w s  rnarked with a blue sticker. Ail responses 

were nade using the index fmger of the dominait hand. AU responses under 200 rns wen: scored as 

m i s W  and t b s e  longer than 2250 rns were scored as latency e m n .  Cases with extreme scores 

were identified and adjuskd using the procedure outlkied for the experirnentai words. As a measure 

of rebability, the median Spearman-Brown conected correlation beîween response latencies in tk 

flickm condition was used, which was .95. 



Due to the design of both the visual and auditory gap detection t&s. the es tablishmait of 

percepal thresholds was untenable. However, the use of thres hokis as measures of perceptual 

sensitivity is problematic in itself; particularly in ils assumptbn that tk response thres hold is an 

index of the individuai's sensitivity indepenknt of 0th-  factors (Corso, 1963). However, response 

thresblds rnay be influenœd by a vaiety of Eictors. bah intemal and extanai to tk observer. In 

fact, Thompson (1 920) a r w d  that the thres hou varies 'kt the subject' s whim; and wiD Vary with his 

mood a the momait (p.307)." Therefore, a m h c  which is able D separate the observer's 

sensitivity from response bias was used in the analyses. It is signal deteaion theory that provides 

this pire measure of senshivity, dprime (Tanner and Swets, 1954). D-prime which is considered 

the most importait sensitivity measure in signai detecMn theory, is generally calculated as tk Z 

value of the hit-rate minus the Z value of the fake dam rate (MacMillan & Creelrnan. 199 1). In the 

visual gap detection task, the percmtage of mcorrect lesponses in the no-gap (single stimulus) 

condition w as used as the false alarm rate. 'Ihree hit rates were used to reflect accuracy w hen the IS 1 

was shon. The hit rate for the s hm IS I was the mean percentage of correct responses for ISIs of O 

and 20 ms. The medium hit rate was the mean percent coirect respmses for lS 1s of 40.60 and 80 

ms, and the long hit rate was the mean percent correct responses for ISIs of 100. 120 and 140 m. 

Thus, three d's w ere calculatd for the visual gap detection tas k. S imilar measures w ere used for 

auditary gap d e ~ t i o n .  The false alarm rate was the pacent incorrect responses in the no-gap (single 

stimulus) condition. The shon hit rate was the mean percent correct respomes for ISIs of 5 and 10 

ms. The medium hit rate the mean percent conect for ISIS of 15,20 and 35 ms. and tk long hit rate 

was tk rnean percent correct responses for ISIs of 35'45 and 60 m. Thus. three d's were also 

calculated for the auditoty gap detection. To avoid the problem of infinite d-primes which occur 

w hen the hit or false alami rates an: either 100% or O%, hit and fàise alarm rates were adjusted by 

adding .5 to the number cmect and dividing rhis number by the totai number of trials plus 1. This 

manipulation has little effect on tk proportions and relative rankings of &prime scores (Thorpe, 

Trehub, Morrongkllo & Bul, 1988; Trainor & Trehub, 1993). 



Seashae RhvthmTest. This subtest from the Hals&-Reitan Neurdogicd Assessrnent 

Baîiery (Hals tead, 1 947) assessed paticipants' ability to disahinate auditory rhytirmic p m m s  . 

This 30-item test requires participaits to decide if pairs of rhythms are h same or different The 

three sets of 1 0 items weie arranged in increasing Ievek of diEi1culty. Tk rhythm of the f i t  set 

contained 7 beaa, the second set consisteci of 9-beai rhythms, and the fmai set inclrded L I -bea 

items. Participnts were given three practice Wais to familiarire hem w Ph the task. Ail iems were 

presented by tape recorder. Across groups, b mean accuracy on h i s  tas k was 26.20 with a 

standad deviath  of 2.73 The maximum score on this iask was 30, and the Speannan-Brown 

correaed s plithaif reliability of this tas k w as .7 1. 

T a m k  Tas k. The tapping îas k w as used to assess participants ' ability to maintain a rhythm 

in the absence of feedback In diis task, participants tapped their index h g e ~  in altemarim. The 

keys diat partidpants were instruckd to press. the 'X" and the "," keys, were marked with green 

stickers. Partnpants fast attemped to syirhronize their tappmg w ith a 1000 Hz tone that was 

emitted for 75 m by the amputer at regular mtervals. Thus. for each tone parhcipints pressed a 

green key. Afta providmg the rate for 30 s, the cornputer ceased to provide feedback Participants 

attemped to maintain the rhythm and rare of their tappmg for an additionai 60 responses. 

This task w as piesented at two rates: fast and slow. In the fast rate. pariicipants were 

requkd to rnake a response every 333 ms. In the slow xate, participants attempted to respond every 

667 m. 

Three dependent measures were obtained for this iask: a) Tupping variabib reflected 

participants* ability to naintain consistent intervals between t a p  Tapping variability was calculated 

separaely for ihe left and nght hmds for bah rates. The standard deviation of the interrespnse 

intervals (RI) quantifed the consistency of intervals between irps. b) Tapping errors refrned to the 

number of very early and very late cips. Once again, tapping errors were calculated separately for 

both hands. RUs within atriai th& exceeded the mean IRI for thar aial by two or m r e  standard 



deviations were considered tapping mors. c) TappYlg Rate refiected partkipants' success at tapping 

at the presmbed rate. The mean IR1 for each response w as used as the tapping rate. Thus, the 

expected tapping rate for the slow aial was 750 ms, and 375 ms for the fast trial. 

Drawim Lines and Crosses. An adaptation of the Bruininks ( 1978) tas k was admins tered 

to subjects. In this task participants were given a ruled form with a vertical iine tbrough tk centre of 

the page. Fint participants drew crosses wih the preferred hand for 15 seconds. AU crosses were 

drawn from lefi to right dong the horizontal ruiings on the side of the centre line ihat corresponded to 

the preferred haid. Therefore, participants who were right-handed drew crosses to the right of the 

cenae iine. whïie left-haided partkipants diew crosses to the Ieft of the centre k. Nexf participants 

were given 15 seconds to draw vertical h e s  with the napreferred hand. Vertical b s  were drawn 

from ieft to right between the horizDnta.1 &gs on the oppos ite side of tk page. F m d y  . pacicipants 

simulmeously drew crosses with th& prefened han& and vertical lines wih their nonpreferred 

hands for 15 seconds. 'T'hm scores were obtained for this task: the number of crosses drawn by the 

prefeued hand, the number of Luies drawn by the nonprefened hanci, and the number of lines and 

crosses drawn shultaneously . 

P l a c k  Pennies in a Box. The Placing Pennies in a Box subtest from Bruininks' ( 1978) 

battery was adaped. A ccmigated plastic mat was placed on the oble. A iopless box with a 7 cm X 

7 cm base with a heighht of 5 cm was placed in the cenire of the rnat. 25 pennies were placed flat on 

the III& on the side of tk box that correspomied to the participait's domhant hand. Thus, ail coins 

were i~ the rîght of the box for ri@-handed participants. 

Using their prekrred han&. p&c@ants were given 15 seconds to place pennies, one by one, 

into the box. After recording the nimber of a i n s  placeci in the box, the exprimenier lay dl ooins on 

the other side of the box. Thus, th: pennies became easily accessible to paticipants' nonprefmed 

haads. Participants were then given another 15 seconds to place pennies, on: after die other, mto the 

box using their nonprefened hands. 



After each hand was tested individualty, a second 7 cm X 7 cm X 5 c m  box was placed on 

the ma next to the fxst one. An additional 25 pennies were added to the mat. The coins were 

arrangecl so that 25 coins lay flat on each side of the mat Pdcxpants were given a f Ïa l15  seconds 

to pi& up pennks and place them in the boxes. Althou& they weE not required to simultaneously 

pick up coins with both haids, they were to place them m the boxes sirnultamously. ïhree scores 

were obtauied for this task: the number of coins placedin boxes by each haid indeperdentiy. a d  the 

number of &es the participant plaœd coins m the two boxes sirnuitaneously. For eacfi of these 

scores, the participants' fmgertips must have extended beneath tk rim of aie box in order for the coin 

to be considered placed. 

Fineer Locaiization. Finally, Benton's ( 1955) fmger lccalization tas k was admit& tered. 

This lask has been found p, be prediaive of later reading disability (S hare et al., 1984). [n this task. 

participants were required to idencdy the fmer  that haci been touched unda several conditions. First, 

partiüpants wele asked to lay their dominant hands on the table with the palms facing the ceilhg and 

close their eyes. They were told t h t  once tkir eyes were closed, one of heir fmgu-tips woukl be 

touched with the cap of apen. Once the fmger had been touched. participan& were required to point 

to the f i g e r  b t  had beai touched with the opposite hand. After aU five fmgers of the dominant 

hand had been touched, the procedure was repeed on the nondominait hand. Thus, five trials were 

completed on eacfi hand, y ielding a maximum score of 1 O on this subtes t. 

After completing this proœdure on both hamis, a M-suie  outlirie of a hand that makhed the 

orientaiion of the dominant hand was placed on the table Participants were told that the task would 

be reppated, but instead of indicating which fïnger had been touckd by poingng to i~ they would 

point to the correspondhg f ige r  on the map. After stirnuiating ach f ige r  of the dominant hanci. the 

procedure was repeated on the nondo~Innant hana using a map that matched the nondominat hand 

in orientation. Once again, five ~ a l s  were completed on each hmd us ing diis procechire. The 

maximum score of ihk subtst was 10. 



Final&, participants were instructed to put their hands on the table. facing upwards . This 

time, two fmgers were t o ~ h e d  sirnuiîaneously . Participants then indicated w hich fimgers had been 

stimufated, either by poinring ro tk chart or to îhe fngers themelves. Five aiais were completed on 

each h d .  Themaximum score of th8 subtest was 10. ï h e  three abtests were totaiIed to yield a 

maximum score of 30 for tk f iger  bcalizatim task. Across groups, the mean accuracy on thk task 

was 27.97 with a standard deviation of 1 .go. The S peannan-Brown oorrected split-halfreliability of 

ths mk was -69. 



A senes of ANOVAs comparuig the performance of the reading-disabled adults to the 

performance of CAC adults and RLC children on the standardized and experimental reading 

measures was conducted. Table 2 presents the groups' means on several of the word recognition 

and reading comprehension measures. Recall that adults had been classified as RD or 

chronological-age controls (CAC) based on their performance on the reading subtest of the 

WRAT3, and the reading-level controls had been selected so that their mean raw score on the 

reading subtest of the WRAT3 would match the mean of the older disabled readers. This method 

of group matching yielded a pattern of performance in which the three groups' WRAT3 reading 

raw scores differed significantly. E(2,90) = 62.98, e<.Oû 1, with Scheffe post-hoc tests revealing 

that RD adults read significantly fewer words than CAC adults. but not RLC children. This 

pattern of results was replicated using both the standardized and experimental word reading 

tasks. The three groups differed si,gn.ificantly on the Woodcock Word Identification. F(7,90) = 

44.17, p<.OO 1. and the Coltheart Word Reading Task, both in accuracy. E(2.77) = 26.24, pc.00 1, 

and latency, E(2,72) = 2 1.975, g<.ûû 1. On each word reading measure, RD adults performed 

more poorly than CAC adults, but did not differ sipificantly from the RLC children. The RD 

adults also performed more poorly than CAC adults on the reading comprehension measure, the 

Nelson-Demy Reading cornprehension Test, l(58) = 7.87, < -00 1. 

Table 3 displays the results of a series of ANOVAs conducted to compare the 

performance of the three groups on the standardized and experimental measures testing 

phonological processing. The results from this sampie of RD adults were convergent with those 

from the majority of other samples in the literature by displayhg a significant deficit in 

pseudoword reading on the Woodcock Word Anack measure vis-à-vis CAC and RLC children 

(Gonardo et al., in press; Rack et ai., 1992; Siegel & Ryan. 1984; Stanovich & Siegel, 1994). 



Table 2: gr ou^ Cornparisons on Standardized and Experimentai Reading Measures 

RD Adults CAC Adults RLC Children 
(n=30) (n=32) (n=3 1) 

Mean S. D. Mean S. D. Mean S. D. 
S tandardized Measures 
Woodcock Word 
Identification 
Raw Score 

Nelson-Denny Reading 
Comprehension 

Raw Score 

Exrierimental Measures 
Coltheart Words 

Accuracy 0.66" 0.2 1 0.93b- 0.07 0.75" 0.12 

Latency (rns) 946.40" 2 15.83 67 1.28b. 1 16.36 87 1.10" 129.62 
Note: Means with different superscripts differ signïficantly. 

That is, the raw scores of the three groups differed significantly, E(2,90) = 30.00, p 4 0 1 .  and the 

RD addts read sigd~cantiy fewer pseudowords than boih CAC adults and the RLC children. 

These results converge with the results obtained From the experimental pseudowords. The three 

groups' ski11 at reading expenmentai pseudowords differed sigruficantly, regardless of whether 

the strict scoring system, E(2,86) = 35.92, ~c .001,  or lenient scoring system. E(2.86) = 33.70. 

g<.001. had been used. For each measure of accuracy for pseudoword reading. Scheffe post-hoc 

tests reveaied that the CAC adults performed significantly better than RLC children. who 

performed significantiy better than RD adults. Although the speed with w h c h  the groups 

accurately read expenmentai pseudowords differed significantly. whether the strict, E(2,73) = 

8.83, pc00 1, or lenient, E(2.73) = 6.2 1, pc.005, scoring systerns had been adopted. the only 

difference reveaied by Scheffe post-hoc tests was that RD adults were significantly slower than 

CAC adults. The phonological processing deficit displayed by RD adults is indicated by 

performance significantly wone than both the CAC and RLC groups on the Rosner Auditory 

Analysis Test, I?(2,90) = 20.856, p ~ û û  1, and the Phonological Choice Task, F(2,89) = 20.063, 

g<.001. Although the Phonological Choice Task tends to be insensitive due to its design (i.e.. 26 



pairs of forced-choice items), and was unable to detect difierences between CAC adults and RLC 

children, it successfully discriminated between the RD adults and RLC children. In sumxnary, 

these results indicate that the phenotypic performance profile of this group of disabled readers 

rnirrors that of most other groups reported in the literature (Stanovich & Siegel. 1994). 

Table 3: Group Com~arisons on Standardized and Ex erimental Measures Testing 

Phonological Processing 

RD Adults CAC Adults RLC Children 
(. n=3 0) (n=32) (n=3 1 ) 

Mean S.D. Mean S.D. Mean S. D. 
S tandardized Measures 
Woodcock Word Attack 

Raw Score 24.4 " 6.6 36.8 b. 4.6 3 1.8'. 7 -4 

Ex~enmentai Measures 
Coltheart Nonwords 

Strict Accuracy 0.4" 0.2 0.8 b. O. 1 0.6'. 0.3 

Lenient Accuracy 0.5 " 0.2 O.gb. 0.0 0.8 '- 0.3 

Strict Latency (ms) 1 152.3 380.4 8 16.0 b. 244.4 964.9 24 1.9 

Lenient Latency (ms) 1117.95 409.8 818.1b. 260.5 964.3"b. 346. l 

Rosner AAT Li&. 77 3" 8.2 34.4 b. 6.1 39.5 '- 7.8 

Phonological Choice 19.8" 4.1 24.8 b. (2.1 33.2 b. 3.9 
Note: Means with different superscnpts differ significantly. 

Table 4 displays the cornparisons between the groups of RD adults, CAC adults. and 

RLC children on measures of orthographic knowledge. Significant group differences were found 

on both measures of orthographic knowledge: the spelling subtest of the WRAT3, E((2.90) = 

66.97, p ~ 0 0  1, and the Orthographie Choice Task, E(2.90) = 13.12, pe.00 1. However, Scheffe 

post-hoc tests revealed different patterns of results for the two measures. The spelling test 

revealed that the performance of CAC adults was superior to that of both RD adults and RLC 

children. but the RD and RLC groups did not differ significantly. This pattern results from the 

fact that the WRAT-3 spelling test is not a pure orthographic measure, but is heavily influenced 



by phonological processing. However, for the purpose of this study, the spelling test was 

considered an orthographic measure. In conuast, RD adults made word-likeness judgments as 

successfully as CAC adults on the Orthographic Choice task. The RLC children performed more 

poorly than both groups of adults on this task. This pattern is thought to reflect that orthographic 

processing loads more heavily on this test than phonological processing. Si,@ficant group 

differences were also found between RD and CAC adults for performance on the Magazine 

Recognition Questionnaire, the measure of exposure to print, l(57) = 3.73, g<.OOl. which has 

been found to predict orthographic processing (Barker. Torgesen & Wagner, 1992; Stanovich Br 

West, 1989). 

Table 4: Group Cornparisons on Standardized and Ex~erimentd Measures of Orthomaohic 

Knowled~e and Print Ex~osure 

RD Adults CAC Adults RLC Children 
(n=30) (n=32) (n=3 1) 

Mean S.D. Mean S.D. Mean S. D. 
WRAT3 S pelling 

Raw Score 30.63" 5.61 4-4-44" 4.35 31.00~" 6.10 

Orthographie C hoice t4.53" 1.59 15.50" 0.95 13.16~. 2.56 

Magazine Recognition 2i.67= 13.41 5 4 . ~ ~ .  14.66 
Questionnaire 
Note: Means with different superscripts ciiffer significantly . 

The next senes of ANOVAs that was conducted compared the performance of the RD, 

CAC and RLC groups on the first set of the timing variables. This set was composed of 

variables that involved perception in the auditory, visual, and tactile domains. Table 5 presents 

the groups means on each measure of perception. In the task of simple auditory perception, the 

Auditory Gap Detection, the sensitivity (as indicated by d') of the groups differed sigmficantly 

when the ISI was short, E(2,87) = 3.88, pc.05, when the ISI was of intermediate duration, 

F(2,87) = 13.67, pi.001, and when it was long, E(2.87) = 12.29, pc.001. Scheffe post-hoc tests - 



revealed that RLC children performed more poorly than CAC adults at the shon ISI. and more 

poorly than both groups of adults at the medium and long ISIS. However, the sensitivity of RD 

adults in the auditory gap detection tasks did differ from the CAC adults at any ISI. In Fact, a 

group (3: RD vs. CAC vs. RLC) by ISI (3; shon vs. medium vs. long) repeated rneasures 

ANOVA was conducted to determine whether the pattern of results predicted by the temporal 

processing deficit hypothesis (i.e., that RD adults would perfonn more poorly than CA conaols 

with short ISIs but not when the ISI is long). Both the main rffect of group, E(2.86)= 10.09, 

p<.ûûl, and the main effect of ISI, I32,172)=47.54, ~c.001 were significant. The group by ISI 

interaction was also significant. F(4,172)=5.84. g<.0 1. However. the interaction was in the 

direction predicted by the temporal processing deficit hypothesis (i.e. the performance of 

dyslexic adults would be significantly worse than CA adults when the ISI is short but not when it 

is long). Instead, both RD and CAC adults were less sensitive with shon ISIs than with ISIS of 

medium or long duration. Ln contrat, RLC children were equally sensitive across the three ISIS. 

A sirnilar pattem of results was found for the task of simple visual perception. For the Visual 

Gap Detection, the sensitiviiy of the groups differed significantly when the ISI was short. E(2.851 

= 14.18, pc.ûû 1, when the ISI was of intemediate duration, E(2,85) = 10.89, pc00 1. and when it 

was long. E(2.85) = 8.29, p<.00 1. However, Scheffe post-hoc tests revealed a different pattern 

of performance. RLC children were less sensitive than CAC adults at each ISI. RD aduirs were 

significandy less sensitive than CAC adults only w hen the ISI was short. However, a group (3; 

RD vs. CAC vs. RLC) by ISI (3: shon vs. medium vs. long) repeated rneasures ANOVA 

revealed significant main effects of both group, F(2,85) = 12.04. pe.ûû1. and [SI. E(2.170) = 

9.38, e<.ûû L. but the group by ISI interaction failed to reach significance. E(4.170) = 1-29, E. 

Thus, the interaction predicted b y the temporal processing deficii hypothesis was a produced. 

The three groups' latencies differed sidcantly in both the auditory gap detection task, F(2,86) 

= 26.6, p<.001, and the visual gap detection task, E(2,85) = 29.32, p<.OOl. For both modalities, 

Scheffe post-hoc analysis revealed that CAC adults responded faster than RD adults, who, in 

tuni. performed more quickly than RLC children. This pattern contrasts with the latencies in the 



pseudoword reading task, in which RD adults were slower than RLC children. The final task of 

simple perception, the Finger Localization Task. failed to reveal group differences. E(2,85) = 

1.939, m. However, on the complex task of auditory perception, the Seashore Rhythm Test, 

CAC adults performed significantly better than RD adults. l(57) = 3.807. pe.00 1. 

Table 5: 5 n  

RD Adults CAC Addts RLC Children 
(n=29) (n=32) (n=29) 

~ e &  S. D. Mean S. D. Mean S .  D. 
Auditory Gap Detection 

Medium ISI (d)  

Long ISI (d)  

Overail RT (ms) 

Seashore Rhythm Test 

Visual Gap Detection 
Short ISI (d') 

Medium ISI (d') 

Long ISI (d') 

Overall RT (ms) 

Finger Localization - 
Note: Means with different superscripts differ significantly . 

The next set of timing variables investigated with a series of ANOVAs and t-tests 

compared the performance of the three groups on variables involving the rapid naming of digits. 

Table 6 summarizes the speed and accuracy with which the three groups named digits. The 

results from this sample of RD adults converged with those from the majority of other samples in 

the literature (e.g. Bowers & Wolf. 1992). In the continuous, or standard version of the RANT 

signifiant group differences were revealed in mean latencies, E(2.87) = 5.637. ge.01. but not in 

error rates. E(2.89) = 0.849. - However, error rates were very low. making it unlikely that 



gmup differences would be revealed. Scheffe post-hoc tests reveded that RD adults named 

digits significantly slower than CAC adults but not RLC children. Although this pattern was 

replicated in the discrete-trial, or serial version of the RAN when the ISI was long, l(49) = 2.606. 

pc.05, RD adults' naming speed did not differ frorn CAC adults when the ISI was short. ~(49) = 

L -654, E. Finally . RD adults narned digits as accurately as  CAC adults when the IS I was both 

long, i(49) = 1.63, -+, and short, ~(49) = 0.39 1, m. 

Table 6: Grouo Com~arisons on Timing Tasks in vol vin^ the R a ~ i d  Namine of Dipits 

RD Adults CAC Adults RLC Children 
Mean S.D. Mean S. D. Mean S. D. 

Continuous RAN 
RT 6) 23.3 " 4.2 19.5 b. 4.3 a-. 5.3 33 43-b. 
Errors 0.1 0.4 0.0 0.2 0.2 0.5 

Discrete RAN: Long ISI 
RT 599.0" 79.6 544.0 b.  70.1 
Errors 0.1 " 0.4 0.0 " O. 1 

Discrete RAN: Short [SI 
RT (ms) 520.6" 128.7 467.9" 98.9 
Errors 1.4" 2.3 1.2" 2.5 

Note: Means with different superscripts differ significantly. 

The third set of timing variables explored with a series of ANOVAs and t-tests were 

those involving speech production. Table 7 displays the group means for each oral timing task. 

Although RD adults' maximum repetition rate was slower than that of CAC adults, ~(54) = 2.12. 

gc.05, the accuracy of the two groups did not differ on this task, ~(54)  = 1.07, m. A goup (7; 

RD vs. CAC) by speed (2; fast vs. slow) repeated measures ANOVA conducted to investigate 

the variability (SD) with which participants repeated sets of sytlables reveded a ~ i ~ c a n t  main 

effect of group, l?( 1, 53) = 18.498, 1. However, neither the main effect of speed, E( 1.53) = 

0.833. ns, nor the group by speed interaction, F( 1.53) = 0.827. m, were significant. A second 2 

(group) by 2 (speed) repeated measures ANOVA was conducted to investigate the erron 



committed on the syllabie repetition task. In addition to a significant main effect of group. 

F( 1.53) = 23.45, gç.0001, both the main effect of speed, E( 1.53) = 25.796. Q ~ ~ C I  1. and the - 

group by speed interaction, E(1,53) = 9.854, ~ d l 0 5 ,  were significant. Finally, a senes of t-tests 

was conducted to examine the success with which RD and CAC repeated syllables at the 

prescribed rate. The RD adults repeated the sets of two syllables more sIowly than CAC adults 

at both the fast rate (326 mdset), ~(53) = 3.02. gc.005, and the slow rate (556 rnslset), ~(53) = 

2.75, ge.0 1. When the sets of three syllables were repeated. RD adults were slower than CAC 

adults for the fast prescribed rate (462 mdser), g53) = 5.40, pe.000 1. but not the slow repetition 

rate ( 1.73 mdset), i(53) = 1.73, m. 

Table 7: gr ou^ Com~arisons on Tirnin~ Tasks Involving - S~eech - Production 

RD Adults CAC Adults 
Mean S.D. Mean S.D. 

MRR: Repetitions 19.45" 3.89 21.42" 3-05 

Errors 0.1 1 O. 16 O. 17 0.29 

Syllable Repetition 

SD: Fast 85.37" 43.63 48.79 b.. 17.48 

SD: Slow 85.03 " 36.75 55.90 b. 37.29 

Errors: Fast 2.27 " 1 .58 0.51 b- 0.83 

Errors: Slow 1 .O3 " 1.47 0.19 b. 0.3 1 

Rate: Fast 2 syllables (ms) 5 18-74 " 127.54 402.42 48.88 

Rate: Slow 2 syliables (ms) 677.60" 137.43 607.25 26.38 

Rate: Fast 3 syllables (ms) 777.86 " 203 .JO 568.05 58.25 

Rate: Slow 3 syilables (ms) 928.89 172.67 873.98 20.34 

Note: Means with different superscripts differ significantiy. 

The fmal set of timing variables explored with a series of ANOVAs and t-tests were 

those involving manual coordination. Table 8 displays the group means for each manual timing 

task. Although no group differences were revealed in the Placing Pennies in a Box task. E(2,87) 

= 2.044, -, RD adults performed more poorly than CAC adults on the remaining tasks. That is, 

RD adults were iess successful than CAC aduits at sirnultaneously drawing lines and crosses, 



~(57)  = 3.73 1. pc00 1. A group (2: CAC vs. RD) by speed (2; fast vs. slow) repeated mesures 

ANOVA conducted to investigate tapping variability revealed a ~i~gnificant main effect of group, 

F( 1.59) = 20.8, p4û1. However, neither the main effect of speed, E(1.59) = 1.88. E, nor the - 

repeated rneasures ANOVA was conducted to invesûgate the errors committed on the tapping 

task. Once again, a significant main effect of group was revealed, E( 1,59) = 1 1.05, @05, but 

neither the main effect of speed, E( 139) = 0.12, -, nor the group by speed interaction. E( 1.59) = 

0.74, ns, were significant. FinaUy. a series of t-test was conducted to examine the success with 

which RD and CAC tapped at the prescribed rate. The two groups maintained the prescribed 

tapping rate with equd success when the prescribed tapping rate was fast (667 rndfmger), ~ ( 5 9 )  = 

1.34, However. when the prescribed tapping rate was slower ( 1334 mdfinger). RD adults 

tapped significandy faster than CAC adults, ~ ( 5 9 )  = 3.83, p<.00 1. 

Table 8: Grouo Comaprisons on Timing Tasks Involvine Manual Coordination 

RD Adults CAC Aduits RLC Children 
Mean S. D. Mean S. D. Mean S. D. 

Pennies in a Box 8.39 1.55 9 .O6 1.44 9.23 1.98 

Lines and Crosses 9-62 " 3 .O8 12.60 3 .O6 

EU: Slow l6L.19" 117.34 69.6tib. 49.66 

Errors: Fast 2.60 " 1.70 1.79 b- 1 .56 

Errors: Slow 2.77" 2.56 1.42 b. 0.78 

Rate: Fast (rns) 686.99 131.35 721.33 78.79 

Rate: Slow (ms) 1 193.10" 186.86 1332.18 75.64 
Note: Means with different superscripts differ significantiy. 



Zero-Order Correlations 

Table 9 presents the Pearson product-moment correlations for the variables testing 

reading skill, phonological processing and orthographie processing. Correlational analyses were 

condilcted using the raw scores on standardized measures. and the accuracy and latencies of 

experimentai measures. Because of missing data, some of the correlations reponed below have 

N's less than 62. The results of the correlational analyses reveded high correlations beween the 

accuracy measures of word reading tasks (range: r = -83 to r = -95). and moderate to high 

correlations among measures of word reading speed and accuracy (range: rs = -56 to -70 in 

absolute magnitude). Pseudoword and word reading measures were al1 highly correlated with 

each other (range: r = -75 to r = -83). The standardized reading comprehension measure. the 

Nelson-De~y, displayed moderate to high correlations with the participants' accuracy in word 

and nonword reading tasks (range: rs = .67 to -79). 

Performance on the two phonological processing tasks. the Rosner M T  and the 

Phonological Choice task, were moderately correlated (r = 3 3 ) .  The phoneme segmentation task 

displayed moderate to high correlations with the word and pseudoword reading measures (range: 

-62 to -731, although it showed modrrate correlations with word reading (r = -.38) and 

pseudoword reading speed (r = 40). However, the Phonologicd Choice revealed moderate to 

high correlations with word and pseudoword reading measures of accuracy (range: rs = -57 ro 

.72), but was not significantiy correlated with word and pseudoword reading speed (rs = - 2 2  and 

-. 15. respectively). Performance on both phonological processing tasks reveded moderate to 

high correlations with reading comprehension (rs = .53 and -62). 



Table 9: Intercorrelations am on^ Reading Measures and Measures test in^ Phonological and 

Orthoma~hic Processing: for RD and CAC Adults (N=62)- 

Readmp Measures 
1. WRAT3 Reading 
2. Word Identification -95 4 
3. Nelson-Demy -79 4 .77 4 
4. Colt. Words (acc) .83 4 -86 + -69 4 
5 ,  Colt. Words (RT) -.66 4 -.70+ -.57 + -.56 4 

Phonological Measures 
6. Word Attack -83 4 -804 .65 .774 -.J74 
7. Colt. Nonword (acc) .8 t 4 -82 4 -67 + .75 4 -.69 4 .78 + 
8. Colt. Nonword (RT) -.56+ 4 0 4  -434 -.39+ .72 + -.41+ -.60+ 
9. Rosner AAT -66 4 .65 + -63 4 .62 4 -.38+ -73 4 7 + -.40+ 
10. Phonological Choice -604 . + -53 4 -67 4 -22  .72 + 5 7  4 -.15 -58 + 

.88 4 -73 4 .74+ -764 -.594 -73 4 -75 + - 7  .65+ .jO+ 
12.Orthographic Choice .25* 2 3  .38+ .25* -.O8 .25* .32* -.18 ,334- .34+ .34+ 

Finaily, the correlations involving measures of orthographie processing were suggestive 

of two underlying constructs. Although spelling performance and print exposure were highly 

correlated (r = .79), they showed low correlations with word-iikeness jud,gments (rs = .34 and 

29. respectively). The low correlation of the former tasks with the Orthographic Choice tasic is a 

likely result of their moderate to high correlations with measures of phonologicd processing 

(range: r = .48 to .75). In contrast. the correlations between the Orthographic Choice task and 

measures of phonological processing were much lower (range: r = -18 to r = .34 in absolute 

magnitude). Similarly , the reading measures produced moderate to high correlations with the 

spelling and print exposure measures (range: n = -.52 to .88 in absolute magnitude), but much 

lower correlations with the word-likeness task (range: rs = -.O8 to -38 in absolute magnitude). 

However. the low reliability of the Orthographic Choice task makes it difficuit to interpret its 

fow correlations with other tasks. 

Table 10 presents the Pearson product-moment correlations for al1 the major timing 

variables. Once again, due to missing data some of the correlations are based on Ns lower than 



62. Performance on the timing tasks testing perception was inconsistent across tasks, yielding a 

range of correlations that ranged in sise from insignificance to moderate (range: rs = -.O 1 to - 

-65). The highest correlations between the perceptual tasks were among the visual and auditory 

gap detection tasks, yielding a correlation of r = .65 between the latencies of the two tasks, and r 

= .65 between the sensitivity of participants on the two tasks. However. correlations within the 

two gap detection tasks (Le. the sensitivity and response latency for each task) tended to yield 

low correlations (rs = -.30 and -. 14). The Seashore Rhythm test yielded higher correlations with 

auditory gap detection (rs = .43 and .63 in absolute magnitude) than either visual gap detection 

(rs = .27 and .4 1 in absolute magnitude) or the finger localization (r = -25). In fact, the finger 

localization task tended to yield very low correlations with the other perception variables (range: 

r = -.O1 to r = -.30). 

The timing variables within the domain of speech production also yielded low to 

moderate correlations with one another (range: rs = -02 to -69 in absolute magnitude). Although 

the latencies of the two naming tasks were moderately correlated (r = .49), their error rates 

accuracy were uncorrelated (r = -. 1 1). Naming speed was relatively uncorrelated with 

articulation rate (range: rs = -.O9 to -.29), producing a low correlation between senal naming 

speed and articulation rate (r  = -.29). Both serial and continuous narning speed yielded low 

correlations with performance on the syllable repetition task (r = .30). Although the two 

measures of the syllable repetition task were moderately correlated (r = .67), only one, repetition 

variability. was significantly correlated with articulation rate. 

The timing variables testing manual coordination also failed to reflect a single construct. 

Although the two tapping measures were highly correlated (r = .72), tapping performance was 

unrelated to the other tasks (rs = -. 13 and -. 17). However. drawing lines and crosses and placing 

pennies in a box were moderately correlated (r = -36). 



Table 10: Intercorrelations Arnong Prim- Tirnine Variables for RD and CAC Adults (N=62)- 

2. ~udgap RT -.30* 
3. Visgap d' .65 + -27" 
4. Visgap RT -.26* -65 + -. 14 
5. Seashore .43 + -.63+ .27* -.41+ 
6. Fingers -.O1 -.30* .O7 -24 .25* 

8. SRAN err -.O1 -.IO -.17 .O8 .O7 -08 
9. DRAN RT -.2O 1 + -.13 .33 -29' -.42.9 
10. DRAN en -.19 -.O2 4 4  .O0 -01 -.O9 
11. MRR .19 -27* .O3 -.O3 .38+ -19 
12. Syllable SD - 2 1  .35+ -.26* -24 -.43+ -.16 
13. Syllable err -.Il .36+ -22 -23 -.38+ -24 

Manuai 
-nies -.O6 -.18 -04 -.31* .12 -22 
15. L & C .12 -.53+ -16 -.32* 20 .42+ 
16. Tapping IRI -.38+ 2 4  -.36+ .10 -.394 -.12 

- -  - 

17. Tapping err -.27* .26* -.18 -07 - 4  -.28* 

Note: 

Audgap = Auditory Gap Detection 

Visgap = Visual Gap Detection 

Seashore = Seashore Rhythm Test 

Fingers = Finger Locdization 

DRAN = Discrete-trial (serial) RAN 

MRR = Maximum Repetition Rate 

Pennies = Pfacing Pennies in a Box 

L & C = Drawing Lines and Crosses 

SRAN = Standard (continuous) RAN 

Table 10 is continued on the next page. 



Table 10: Intercorrelations Amone Pnmarv Timin~  Variables for RD and CAC Adults (cont.) 

- - 

Manuai 
14. Pennies 
15. L & C .36+ 
16. Tapping IRI -.13 -.17 

In addition to the three domains showing littie intemal consistency, correlations also 

tended to be low across modalities. For example, sensitivity as measured by d' on both gap 

detection tasks, in addition to response latencies in the visual task were uncorrelated with each of 

the speech production variables (range: r = .O0 to r = 28) .  In contrast, response latencies on the 

auditory gap detection task yielded moderate correlations with naming speed (rs = .43 and .5 1 ) 

and low to moderate correlations with articulation rate and syllabIe repetition (range: rs = 2 7  to 

-36 in absolute magnitude). Performance on the Seashore Rhythm Test aiso yielded low to 

moderate correlations with naming speed, articulation rate and syliable repetition (range: r = - 2 8  

to r = -.43). 

Performance on tasks testing manual coordination also tended to be unrelated with the 

percepnial tasks. The tapping measures produced low to moderate correlations with sensitivity 

as measured by d' on both gap detection tasks, and performance on the Seashore Rhythm Test 

(range: r = -. 18 to r = -.4 1). in conuast, simultaneously drawing lines and crosses was 

moderately correlated with response latencies in the gap detection tasks and finger localization 

(range: r =.32 to r = .42 in absolute magnitude). 

Finally, speech production and motor coordination also tended to produce relatively few 

significant correlations. Performance on the syllable repetition task was moderately correlated 

with performance on the tapping task, in addition to the measures of manual coordination (range: 

n = -29 to -56 in absolute rna,@ude). Both tapping measures were moderately coordinated with 

articulation rate (rs = -.28 and -.3 1) and the number of errors committed in the discrete-trial RAN 



(rs = -39 and -44). Naming speed in the discrete-trial task also produced moderate to low 

correlations with placing pennies in a box and drawing lines and crosses (rs = -.30 and -.46). 

The correlations between the experimental timing tasks and the reading 1 phonological 

rneasures are presented in Table 1 1. In gneral, the timing tasks correlated better with the 

academic measures than they did with each orher. Of the perceptual timing measures, response 

latencies in the auditory gap detection task produced the highest correlations with the readings 

measures (range: rs = -43 to .54 in absolute magnitude), phonological processing variables 

(range: rs = -.30 to -.59). and orthographic measures (range: rs = -.43 to -.49). Performance on 

the Seashore Rhythm Test yielded a similar pattern of correlations. with low to moderate 

correlations with measures of reading accuracy (range: rs = 29 to -5 l ) ,  accuracy measures in 

phonological processing (range: rs = .38 to .56), and orthographic measures (range: rs = .38 to 

-45). Sirnilarly. visual gap detection latencies yielded low to moderate correlations with reading 

measures (range: r = - 26  to -.46). accuracy in pseudoword reading and phoneme segmentation 

(range: r = -.33 to r = -.49), speuing, and print exposure (rs = -.JO and -.32). Although 

sensitivity, as rneasured by d', in the visual gap detection task produced low correlations with 

standardized reading measures (rs = 2 5  and .26), it yielded low to moderate correlations with al1 

measures of phonological processing (range: rs = .30 to -40) and low correlations with word- 

likeness judgments and exposure to print (rs = .3 1 and -.33). Neither f inpr  localization nor 

sensitivity (d') correlated well with academic measures. 

Two types of speech production variables tended to correlate well with academic 

measures. Although continuous na-g speed correlated with academic rneasures better than 

serial naming speed, naming speed produced moderate correlations with reading ski11 (range: rs 

= -.29 to -.54), and phonological processing (range: rs = .28 to .49 in absolute magnitude). 

However, only measures of continuous naming speed correlated with spelling and print exposure 

(rs = 3 3  and -.39). Performance on the syilable repetition task also produced low to moderate 

correlations with most measures of reading skill (range: r = -32 to r = .56 in absolute 

magnitude), and phonological processing (range: r = -25 to r = .62 in absolute magnitude). Both 



Table I I :  Correlations Between Tirnine and Reading / Phonoloeical 1 Orthoeraphic Variables 

for RD and CAC Adults (N=62) 

WRAT3 Word Nelson- Colt. Colt. Word Colt. CoIt. Rosner Phon. 
Read Ident Denny Word Word Attack Nonword Nonword AAT Choict 

(d') (RT) (d') (RD 

ci' . I  1 
2. Audgap RT 
3. Visgap d' 
4. Visgap RT 
5. Seashore 
6. Fingers 

8. SRAN err 
9. DRANRT 
10. DRAN err 
1 1 .  MRR 
12. Syllable SD 
13. Syllable err 

Manuai 
14.Pennies 
15. L & C 
16. Tapping IR1 
17. Tapping err  

* ~ c . 0 5 ;  9 pe.0 1 ; p<.oo 1 

Note: Colt. = Coltheart SRAN = Standard (continuous) RAN 

Audgap = Auditory Gap Detection DRAN = Discrete-trial (serial) RAN 

Visgap = Visual Gap Detection MRR = Maximum Repetition Rate 

Seashore = Seashore Rhythm Test Pennies = Placing Pennies in a Box 

Fingers = Finger Localization L & C = Drawing Lines and Crosses 

Table 1 1 is continued on the next page. 



Table 1 1 : Correlations Between Tirnina and Reading 1 Phonological / Ortho~raphic Variables 

for RD and CAC Adults (continuedl 

- 
Spelling Choice 

Perce~tion 
1. Audgap d' .14 .329 .O5 
2. Audgap RT -.49 + -A3 + -.46 + 
3. Visgap d' .16 .3 l*  .40+ 
4. Visgap RT -.40+ - 2 3  -.32* 
5. Seashore .44 + .38+ -45 4 
6. Fingers .32* .19 .26* 

Speech 
7. SRAN RT 
8. SRANerr -. 17 -.29* -. 17 
9. DRAN RT -2 1 -. 18 - 2 3  
10. DRAN err .O6 -.O6 -1 1 
11. MRR -13 -12 -13 
12. Syiiable SD -.43 4 -.O6 -.52 + 
13. Syliable err -.5 1 # - .-- 73 -.54 

Manual 
14. Pennies . II  .O7 .O8 
15. L & C .35+ .34+ .37+ 
16. Tapping IRI -.45 + -.28* -.34+ - -  - 

17. Tapping e n  -.33+ -.29* -.3 l* 
* p<.05: 9 pc.01; + p<.ûol 

syllable repetition variables yielded moderate correlations with speiling and print exposure 

(range: r = -.43 to -.54). Articulation rate was uncorrelated with the academic variables. 

Finally, the relationship between the timing variables involving manual coordination and 

academic performance was examineci. Although success at simultaneously placing pennies in 

boxes was uncorrelated with the academic variables, skiil at simultaneously drawing lines and 

crosses produced moderate correlations with ail reading measures (range: rs = -.30 to .49), 

accuracy in phonological processing (range: rs = .33 to SO), and orthographic processing (range: 

a = -34 to .37). Both variables from the tapping task produced low to moderate correlations with 

the accuracy mesures in reading (range: r = -.33 to r = -.41), accuracy measures in phonological 

processing (range: r = -.32 to -4). and ail measures of orthographic processing (range: r = -.28 



Rcmession Analv ses 

A series of regression analyses was conducted using the experimental timing tasks to 

predict the adults' reading performance, independently of phonological processing, as measured 

by their raw scores on the standardized reading measures (WWT3 and Woodcock Word 

Identification), and their accuracy and latencies on the experimental words. In the analyses, the 

Rosner AAT was forced into the equation as the fmt predictor. After the Rosner had been 

forced into the equation, stepwise analysis was used to select the most potent stepwise predictors. 

The four regression analyses yielded the same pattern of results. The results from the WRAT3 

will be presented in detaii. Table 12 clearly shows that once phonological processing in the forrn 

of the Rosner AAT has been entered into the equation, the only variable that contributed 

additional variance to word recognition was participants' naming speeds from the Standard RAN 

(additional variance explained = -13. ~ c . 0  1). In fact, the combination of the Rosner AAT and the 

Standard RAN accounted for 54% of the variance in predicting performance on the Reading 

subtest of the WRAT3. No other experimentai timing variable contributed additional variance 

once performance on the Rosner AAT and the Standard RAN had been partialled out. 

Tables 12.13 and 14 present the results of the sarne regression analyses on the three other 

rneasures of word recognition, the Woodcock Word Identification. and the speed and accuracy 

with which the set of experimental words were read. Once performance on the phoneme 

segmentation task, the Rosner AAT, had been entered as the frst step in the regression equation, 

the 15 experirnental timing variables were entered into the equations. The only significant 

predictor of die three criterion measures was the Standard RAN even afier phonological 

processing had been partialled out (additional variance explained = .O8 to .14). No other timing 

variable was predictive of word recognition. 



Table 12: Remession Anaivsis Predictine Aduits' W A T 3  Reading Performance (N=41) 

Step Variable Mult R Mult R' R' Change Partial F Ratio P 

R 

Rosner AAT (forced) -635 .403 .403 26.310 <.O1 

Subseauent Variables Ste~wise 

Standard RAN (RT) .73 1 -535 .132 -.470 10.788 < .O5 

Discrete-Triai RAN (RT) .128 -6 13 

Discrete-Trial RAN (err) 

Auditory Gap (d") 

Auditory Gap (RT) 

Visual Gap (d3 

Visual Gap (RT) 

Seashore Rhythm Test 

Finger Localization 

Syiiabie Repetition (en) 

Syllabie Repetition (SD) 

Tapping (en) 

Tapping (m 
Drawing Lines & Crosses 

Placing Pennies in a Box 



Table 13: Remession Analvsis Predictine Adults' Performance on the Woodcock Word 

Identification (N=4 1 ) 

Variable Mult R Mult R' R' Change F Ratio 

Rosner AAT (forced) .647 .419 -419 28.133 

Subseauent Variables S tepwise 

Standard RAN .733 -537 -118 9.686 

Table 14: Remession Analvsis Predictinn Adults' Performance on Expenmental Word List 

[Accuracv 1 (N=4 1 ) 

Variable Mult R MultR' R'Change FRatio 

Rosner AAT (forced) .376 -226 226 11.31 1 

Subseauent Variables Stepwise 

Standard RAN 

Table 15: Remession Analvsis Predicting Adults' Performance on Expenmental Word List 

(Latencvl (N=4 1 )  

Variable Mult R MultR' R'Change FRatio 

Rosner AAT (forced) .437 -19 1 -191 8.954 

Subsequent Variables S te~wise  

Standard RAN .522 .273 .O82 4.184 



Because naming speed as measured by the Standard RAN proved to be a robust predictor 

of word reading independent of phonological awareness, two additionai hierarchical regression 

analyses were conducted using measures that tap reading behavior indirecrly. The cntenon 

variables are WRAT3 Spelling, and the measure of print exposure, the Magazine Recognition 

Questionnaire. Tables 16 and 17 present the results of the regression analyses using these 

cnterion variables, which converged with those using direct measures of word recognition. Once 

performance on the Rosner AAT had been entered as the first step in the regression equations. 

the only one of the 16 timing variables that were entered into the equations was the Standard 

RAN (additional variance explained on both tasks was -07). No other timing variable was 

predictive of spelling or print exposure. 

Table 16: Remession Analvsis Predicting Adults' WEtAT3 S ~ e l l i n e  Performance ( N d l )  

Variable Mult R Mult R-' R' Change F ' ~ a t i o  

Rosner AAT (forced) -664 .44 1 -44 1 6.494 

Subseauent Variables S t e~wise  

Standard RAN 

Table 17: Remession Analvsis Predicting Adults' Performance on the Magazine Recognition 

Ouestionnaire ( N d  1) 

Variable Mult R MultR' R'Change FRatio 

Rosner AAT (forced) 537 .406 ,406 26.633 

Subseauent Variables Ste~wise  

Standard RAN ,689 .475 .O7 1 5.03 1 



Because the naming speed proved to be a very robust predictor of reading skill, spelling 

and pint exposure, a final stepwise regession analysis was conducted in which the criterion 

variable was performance on the Standard RAN. Table 18 clearly shows that the variables that 

explained 48% of the variance of Standard RAN were WRAT3 Reading performance and 

naming speed in the Discrete-Trial RAN. Neither performance on standardized measures such as 

the estimated IQ, nor performance on the other experimental timing variables were predictive of 

naming speed. 

Table 18: Remession Analvsis Predicting Adults' Performance on the Standard RAN (N=4 1 } 

S tep Variable Mult R Mult R' R' Change Partial R F Ratio P 

1. WRAT3 Reading -604 -364 .364 20.640 < .O1 

2. Discrete RAN RT A93 -480 -124 -427 7.802 c .O1 

-.O3 1 Estirnated IQ 

Woodcock Word Attack 

WRAT3 Spelling 

Rosner AAT 

Orthographie Choice 

Discrete RAN errors 

Auditory Gap RT 

Auditory Gap d' 

Visual Gap RT 

Visual Gap d' 

Seashore Rhythm Test 

Finger Locaiization 

Syllable Repetition errors 

Syiiable Repetition SD 

Maximum Repe tition Rate 

Tapping IRI 
Tapping errors 

Lines & Crosses 

Pennies in a Box 



Commonality Analvses 

The relationships among phonological processing, naming speed, and timing variables 

was m e r  explored using commonality analysis (see Kerlinger & Pedhazur, 1973). The use of 

commonality analysis allowed for the examination of the unique and common variance that the 

three measures contributed to WRAT3 reading performance (Kerlinger & Pedhazur. 1973). 

Therefore. it was possible to determine the amount of variance that combinations of phonological 

processing. naming speed, and various timing variables shared in common in predicting raw 

scores in WRAT3 Reading. 

Because variables within each rnodality tended to share moderate correlations. three 

timing variables reflecting perception, speech articulation. and motor coordination were 

constmcted. The timing-perception variable was a composite variable based on sensitivity in the 

visual and auditory gap detection tasks, finger localization and the Seashore Rhythm tests. 

Timing-perception was calculated as the mean of the z-scores for sensitivity (d') on the visual 

and auditory gap detection tasks. the z-scores for the finger localization task. and the z-score for 

the Seashore Rhythm test. For the second timing variable, timing-articulation. the response 

latency on the Discrete-Trial RA? task, variability (SD) on the syllable repetition task. and the 

score from the maximum repetition rate were collapsed as a composite z-score. Additiondly, the 

scores in drawing lines and crosses, placing pennies in a box, and the number of errors 

committed on the tapping task were collapsed as a composite z-score for the h d  timing 

variable, timing-manual. Finally . a fourth timing variable. timing-best. was constructed in order 

to magnify the variance explained by the timing variable. This variable was the standardized 

composite score of the experimental timing variables that had the highest zero-order correlations 

with m T 3  reading performance: the latency for the auditory gap detection task the number 

of errors committed on the syllable repetition task. and the score for drawing lines and crosses. 

In each of the four composite timing variables. the scores were standardized and avenged. 



The amount of unique variance contrïbuted by phonological processing, the Standard 

RAN, and each of the timing variables was calculated using a senes of hierarchical regression 

procedures. For each variable, the arnount of total s h e d  variance was decomposed into unique 

variance and variance shared with each of the other measures. For example, the covariance 

relationships between the Rosner AAT, Standard RAN, and Timing-Perception are explored in 

Table 19. Phoneme segmentation displayed a squared multiple correlation with WRAT3 

Reading of -460. This 46% variance in word recognition explained by the Rosner PLAT is 

decomposed into 16.6% unique variance, 7.3% variance shared with the Standard RAN. 5.7% 

variance shared with the timingperception variable, and 16.4% variance shared with both the 

Standard RAN and the timing-perception variables. The Standard RAN displayed a squared 

multiple correlation with WRAT3 Reading of .3 15. The 3 1.5% variance in word recognition 

explained by the Standard RAN accounted for 7.7% unique variance. 7.3 8 variance shared with 

the Rosner AAT. 0.1 % variance shared with the timing-perception variable. and 16.4% variance 

shared with the two other variables. Finally, the timing-perception variable displayed a squared 

multiple col~elation with WRAT3 Reading of 233. Although timing perception shared 5.7% 

variance with the Rosner AAT, 0.1% variance wich naming speed, and 16.4% variance with both 

variables, it did not account for any unique variance (0%) in predicting word reco=@tion. 

Very similar patterns of unique and cornmon overlapping variances were produced 

arnong the Rosner phoneme segmentation task, Standard RAN, and the three remaining timing 

variabies. These patterns are presented in Tables 20,2 1 and 22. For example. the unique 

variance explained by the Rosner AAT ranged from 16.6% to 21.88 on the timing tasks. while 

the Standard RAN accounted for 6.5% to 7.74 unique variance. Ln contrast, the three timing 

composites failed to explain more than 3.3% unique variance. The amount of variance shared 

between the Standard RAN and the Rosner AAT ranged between 7.3% and 22.4% of the 

variance The timing composites tended to share little overlapping variance with either the Rosner 

AAT (range: ~ ~ = - . 0 0 5  to -057) or the Standard RAN (range: R'=.OO 1 to .O 13). Finaily, the 

amount of variance shared between the three variables ranged from 1.34 to 16.4%. 



Table 19: Comrnonalitv Analvsis us in^ WRAT3 Reading Subtest as Criterion Variable 

Predictor Variables 

Rosner RAN Timing 
(Perception) 

Unique Variance .166 .O77 .O0 

Common to Rosner and RAN .O73 .O73 

Common to Rosner and Timing .O57 .O57 

Common to RAN and Timing .O0 1 .O0 1 

Cornmon to Rosner, RAN, and Timing -164 .164 -164 

Total R' for variable .460 .3 15 .+-- 377 

Note: The Timing (Perception) variable is the z-score composite of participants' scores in gap 

detection (rnean d' on both auditory and visual gap detection), finger localization. and the 

Seashore rhythm test. 

Table 20: Cornrnonalitv Analvsis Using: WRAT3 Reading Subtest as Criterion Variable 

Predictor Variables 
Rosner W Timing 

(Articulation) 
Unique Variance -1 29 .O67 .O28 

Comrnon to Rosner and RAN -125 .125 

Cornmon to Rosner and Timing ,079 .O79 

Common to RAN and Timing -008 .O08 

Common to Rosner, W, and Timing .100 . l00 ,100 

Total R' for variable -433 -300 -2 15 

Note: The Timing (Articulation) variable is the z-score composite of participants' scores in 

Discrete-Trial RAN (RT), Syilable Repetition (SD), and the reflected Maximum Repetition Rate 

(number repeti tions). 



Table 2 1: Cornmonalitv Anaivsis Usine WRAT3 Reading Subtest as Criterion Variable 

Predictor Variables 
Rosner RAN Timing 

(Manuai) 
Unique Variance -155 .O72 .O 12 

Common to Rosner and RAN .I l8 .118 

Common to Rosner and Timing .O62 .O62 

Common to RAN and Timing .O09 .O09 

Cornmon to Rosner, RAN, and Timing .OS 9 .O89 .O89 

Total R' for variable .424 2 8 8  .172 

Note: The Timing (Manual) variable is the z-score composite of participants' scores in Drawing 
Lines md Crosses, Placing Pennies in a Box, and Tapping (reflected errors). 

Table 22: Cornmonalitv Analvsis us in^ WRAT3 Readin~ Subtest as Criterion Variable 

Predictor Variables 

Rosner RAN Timing 
(Best) 

Unique Variance -140 .O50 .O36 

Common to Rosner and RAN .O79 ,079 

Common to Rosner and Timing .O66 .O66 

Common to RAN and Timing .O2 8 .O28 

Cornmon to Rosner, RAN, and Timing .119 .119 .IL9 

Total RL for variable -460 .3 15 249 

Note: The Timing (Best) variable is the z-score composite of participants' scores in the three 

timing variables with the highest zero-order correlations with WRAT3 Reading: Auditory Gap 

Detection (RT), Syiiable Repetitition (Errors), and the reflected score from Drawing Lines and 

Crosses. 



Discussion 

The present discussion is organized in four main sections. The fust section examines the 

nature of temporal processing deficits in reading disability. This section explores whether adults 

with dyslexia show any deficits in temporal processing tasks. In the second section. the 

relationship between deficient temporal processing, reading ski11 and the phonological core 

deficit associated with developmentd dyslexia will be explored. In the third section. an attempt 

is made to place the results within the broader context of current theories of developmental 

dyslexia. The suggestion is made and examined that despite dyslexics' poor performance on 

tasks involving precise temporal processing, reading disability reflects linguistic deficits rather 

than impaired temporal resolution. The fourth section suggests future directions for research, 

and limitations to the current study. 

The Nature of Tem~oral Processing: Deficits in Deveio~mentai Dvslexia 

The purpose of this section is to determine whether temporal processing deficits 

characterize developmental dyslexia. Recall that three different approaches have been used to 

link temporal processing deficits with developmental dyslexia. The first hypothesis. which 

proposes that auditory processing deficits underlie dyslexia (e.g., Tallal. 1984). predicts impaired 

performance by dyslexics on tasks involving auditory perception paired with normal 

performance on timing tasks in ail other domains. The second hypothesis proposes that 

developmental dyslexia results from irnpaired temporal resolution in perception in both the 

auditory and visual domains (e.g., Farmer & Klein, 1995). Support for this hypothesis would be 

derived from a pattern of results in which disabled readers' performance is worse than normal 

readers on tasks involving visual and auditory perception. but matches the performance of 

normal readers on tasks involving speech production and moior coordination. Finaily, the third 

timing hypothesis advocated a defective domain-general timing mechanism as the cause of 

reading behavior (e.g. Wolff et al., 1990a, 1990b), which would resdt in irnpaired performance 

in perception, speech production and motor coordination. 



On examination of group differences, the resdts of the present study tend to support the 

existence of temporal processing deficits across domains. Adults with developrnentai dyslexia 

performed more poorly than normal adults on tasks involving perception, speech production and 

manual coordination. In the domain of perception, although dyslexic adults showed evidence of 

siower rates of auditory and visual processing than normal adults, they were both faster and more 

accurate than reading-level matched children in the gap detection tasks. Although they did not 

require longer ISIs than normal readers to distinguish the two-item stimuli from the 

unintempted single-item stimuli, disabled readen made these judgments more slowly. 

Although the current study failed to replicate the group by ISI interaction that has been used as 

evidence for auditory and visual processing deficits (e.g. Di LoLlo et al., 1983: Lovegrove et al.. 

1986: McCroskey & Kidder, 1980), an older sample parùcipated. In fact. most studies that 

revealed thai dyslexics required longer criticai ISIs to detect gaps in stimuli used chldren as 

participants. and not adults. One might argue that with older samples. auditory and visual 

processing deficits may dirninish so that they c m  be detected through longer response latencies 

rather than accuracy. However, the failure to fmd a group by ISI interaction despite overall 

poorer performance by disabled readers is consistent with Knik's ( 199 1 ) fmdings. Although 

Kruk's studies involved children whose ages ranged between 8 and 1 1 years of age, significant 

group by SOA interactions were revealed despite significant group differences. Therefore. 

age differences between the current sample and the samples in which temporal processing 

deficits were detected cannot explain the inconsistent results. 

However, differences in the measures of sensitivity may explain why the current study 

failed to replicate the group by ISI interaction that has been used as evidence for auditory and 

visual processing deficits (e.g Di Loilo et al.. 1983: Lovegrove et ai., 1986; McCroskey & 

Kidder. 1980). Earlier studies, such as those of Lovegrove and his coileagues, used the rnethod 

of thresholds to estabiish visible persistence (Lovegrove et al., 1986: Slaghuis & Lovegrove, 

1986). Recall that the use of thiesholds as measures of perceptual sensitivity is ~oblemaîic because 

response thresholds may be infiuenced by a vaoety of fztors, s u d  as the individual's response bias 



(Corso, 1963). Because separation &es holds vary as a function of a varie- of factors, it is unclear 

w hether disabled readers ' higher sepration thes holds ieflect perceptual deficits, more s&gmt 

criteria to report the presence of Bickers, or different response blases. In other words. one cannot be 

sure that the lmger visible peaisence of habled readers in these studies reflect percepnial deficits 

(e.g. Lovegrove et al., 1986: Siaghuis & Lovegrove, 1986; Stanley & Hall. 1973). Ln conEast, the 

current s tudy used signaldetecrion theory ' s &prime as a mesure of sensitivicy because it is able to 

separa the observer's saisitivity from respcnse bias flanner and S wets, 1954). Therefore, one can 

be s u e  that the absence of group by ISI interactions in the gap detection w k s  is based on the 

perceptual skilk of the participants. 

In addition to slower stimulus individuation, dyslexics discriminated auditory rhythmic 

patterns less successfully than nomal readen. The fuiding that dyslexic adults made more errors 

in discriminating variations in auditory rhythmic pattern is consistent with similar studies 

(McGivem et al., 199 1 : Zurif & Carson, 1970). Therefore, both the Seashore Rbythm Test and 

latencies in individuation tasks successfuily discriminated between dyslexics and normal readers. 

Dyslexics also performed more poorly than normal readers in tasks involving speech 

production. Dyslexic adults had dificulty both naming digits and synchronizing the repetition of 

nonsense syilables strings with an external timing device. The results of the standard, or 

continuous RAN was consonant with a growing body of evidence (e.g., Badian, 1993: Bowers & 

Wolf, 1993; Denckla & Rudel, 1976; Wolff et al., 1990a) suggesting that dyslexics retrieve 

words more slowly than normal readers. However, of the two rates of presentation for the 

discrete-trial. or serial RAN. only one - the slow rate - yielded significant differences between 

dyslexics and adult normal readers. This pattem is the opposite of other similar smdies. in which 

dyslexics showed no narning impairments when stimuli were presented slowly. but were 

penalized by rapid presentation (Bowers & Swanson, 199 1; Wolff et al., 1990). One reason for 

the discrepency between the current study and the findings of similar studies may result fkom the 

different means of collecting responses. in other stucües (e-g. Bowers, 1995; Bowers & 

Swanson, 199 1; Wolff et al.. 1990), presentation of the target symbol was terminated by voice 



offset, which ensured accurate measurement of the time required to name each item. However, 

due to technical Limitations, the presentation of digits was temiinated by voice onset. Therefore, 

it was less clear whether the time required to initiate a response for each item reflected the speed 

of word reûieval or other processes. This was problematic particularly in the short ISI condition, 

as some of the latencies were under 100 ms. Although this may be problematic in the 

interpretation of the results in the short ISI condition. Bowers' (1995) findings suggest that the 

problerns in the short ISI condition do not compromise the interpretation of the current snidy's 

results. Although Bowers found that the narning speeds of children in second and third grade 

were slower with short ISIs than long ISIs, older children in the fourth gnde showed the 

opposite pattern. Grade 4 children named symbols faster when the ISI was shon tha. in the long 

ISI condition. The parallel pattern of results support the validity of the current thesis's findings. 

Similady, the discrepancy between the current study and sirnilar studies (Bowers & Swanson. 

199 1 ; Wolff et al., 1990a) cannot be attributed to both groups finding the rapid presentation rate 

too easy, rendering it unable to discriminate between groups because the simpler slow 

presentation rate successfully discrimuiated between RD and CAC groups. Nor could this 

discrepancy be attributed to both groups finding the fast presentation rate too difficult, because 

they named digits faster when the ISI was shon rather than long. The shoner latencies when the 

ISI was short suggests that despite the technical problems, the resuits can be interpreted. This 

pattern also diverges from the pattern reported in similar studies (Bowers & Swanson. 199 1: 

Wolff et al., 1990a). According to these studies, the continuous RAN yielded the slowest 

namuig speeds, while the long ISI of the discrete trial RAN yielded the shortest latencies. In 

sum. although dyslexic adults tended to narne digits more slowly than both adult normal readers 

and reading-level matched children, the pattern of results does not confom to the pattem 

predicted by timing defîcit hypothesis. 

In the syllable repetition task, dyslexic adults repeated syllables too slowly even when 

asked to track the metronome at the slow rates. Because the slow rates required dyslexies to 

track the metronome at a speed slower than they actually repeated syllables on the fast trials, 



their failure to repeat syllables at the prescribed slow rates cannot be attributed to their slower 

articulation rates. Rather, their performance is likelier to reflect difficulty in coordinating 

behaviour with an extemaily assigned rate. S idar ly ,  dyslexic adults were both more variable 

and cornmitted more errors in the synchronization of syhbles with the meuonome, reflecting 

poorer timing precision and accuracy. In fact, the group by rate interaction revealed that 

dyslexics' performance was impaired by rapid repetkton rates to a greater extent than adult 

normal readers. Although they made more errors when the repetition rate was slow, the 

increased demands of the fast rate impaired dyslexics' accuracy to a greater extent than normal 

readers. Although these findings are consistent with those of similar studies (Wolff et al.. 1990a). 

the variability with which dyslexics repeated syllables did not conform to the pattern predicted 

by the timing deficit hypothesis. Recall that the temporal processing deficit hypothesis predicts 

that disabled readers will be selectively impaired by rapid task demands. Thus. one would 

expect dyslexics to be more variable when the repetition rate is fast than slow. However, 

dyslexics repeated syllables with the same consistency at both the fast and the slow rates. 

Therefore, there is equivocal support for the hypothesis that disabled readers suffer fiom an 

impairment in the ability to regulate speech production at rapid rates. In short, although the two 

rneasures of naming speed and syllable repetition successfu1Iy differentiated skilled and less 

skilled readers, in subtle ways they failed to support the timing deficit hypothesis. 

In addition to poorer performance on tasks involving perception and speech production, 

dyslexic adults also performed more poorly on two of the three tasks testing rnotor coordination. 

Although dyslexic adults coordinated the simultaneous action of simple rnotor tasks, such as 

placing pennies in a box, with equal success as normal readers, the coordination of two different 

simultaneous actions proved to be troublesome for dyslexics. Similady, dyslexics were less 

skiiled at coordinating two simple altemating movements. tapping their index fingers in 

altemation at prescnbed rates. Not only did they tap with greater variability, dyslexics also 

comrnitted more tapping errors. These results are consistent with other similar studies (e.g., 

Badim & Wolff, 1977; Wolff et ai., 1990). However. dyslexics' performance on the tapping 



task violated predictions of the timing deficit hypothesis in two ways. First. the timing 

hypothesis predicts that disabled readers' tapping would be less consistent and contain more 

errors than normal readers when the prescribed rate is fast, but not when it is slow. However, the 

present study revealed that dyslexics' tapping was not impaired by the increased demands of the 

fast tapping rate. Therefore. there is littie evidence that dyslexics have specific difficulties with 

rapid manual coordination. Similarly. Wolff and tus colleagues (e-g.. Wolff et al., 1990) have 

also argued that dyslexics' temporal processing deficits would be revealed by their tapping rates: 

dyslexics can tap successfully at the prescribed rate when it is slow, but when the rate is fast. 

they would tap too slowly. However, this pattern of performance failed to unfold. Not only did 

dyslexic adults successfully maintain the fast rate with their tapping, they tapped too quickly for 

the slow tapping rate. In contrast, normal readers successNly maintained both tapping rates. 

Dyslexies' ski11 at maintaining the rapid tapping rate, and their excessive haste during the slow 

rate c a ~ o t  be reconciled with the predictions of the temporal processing deficit. In sum, 

dyslexics' performance on tasks involving manual coordination provided equivocal support for 

the timing de fici t hypothesis. 

In surnrnary, dyslexic adults did perform more poorly than adult normal readers on most 

of the tasks designed to test the temporal processing construct. Their overail poor performance 

on the timing tasks rhat involved auditory and visual perception, speech production and manuai 

coordination may be interpreted as support for a domain general temporal processing deficit. 

However, the data renders the existence of a domain-general timing deficit udikely in three 

important ways. First, recail that a i i  three versions of the temporai processing deficit hypothesis 

predict group by rate interactions, with dyslexics' performance showing greater sensitivity to rate 

than normal readers. They differ only in terms of their specificity. Because they share the sarne 

predictions and differ only in the breadth, from here on the tenns "temporal processing deficit 

hypothesis" and "timing hypothesis" refer to all three versions of the hypothesis. Therefore, the 

fdure  of the group by rate interactions to reach signifcance undermines the timing hypothesis. 

As alluded to above, the timing hypothesis predicts that disabled readers would be selectively 



penaiized on tasks with rapid processing demands, but not when processing rates are slow (Wolff 

et ai., 1990, 1990a, 1990b). However, on several tasks, the cntical interaction was not observed, 

For example. dyslexic adults were equaily sensitive in the auditory gap detection rask as nomai 

adults whether the ISI was short or long. Similady, dyslexics named digits as successfully as 

normal readers in the serial task when the ISI was short, but not when the stimulus presentation 

rate was slow. The syllable repetition and tapping tasks also failed to produce results consistent 

with the existence of a temporal processing deficit. Although reading disabled adults were 

generally less consistent than normal readers on these tasks. their performance was uninfluenced 

by rate. These results clearly contradict the cenual assumption of a i l  variations of the temporal 

processing deficit theory. This assumption is that dyslexics' impairments Lie in their inability to 

process rapidly presented stimuli (Farmer & Klein, 1995; Tallal et al.. 199 1 : Wolff et al., 1 WOa. 

1990b). 

Examination of dyslexics' performance relative to younger children matched on their 

reading level represents a second failure to support the temporal processing deficit of reading 

disability. Recall that a reading-level matched design eaables one to determine whether 

dyslexics' cognitive abilities develop differently than normal readen, or whether their co,gitive 

abilities follow the same stages of development at a slower rate (Stanovich. Nathan & Vala- 

Rossi, 1986; S tanovich & Siegel, 1994). This procedure is more selective than chronological-age 

matched designs, which tend to reveal signifiant differences on a wide variety of tasks and 

reduce the diagnosticity of any of these differences (Stanovich, 1986b). h contrast, the reading- 

level match designs reveal fewer tasks on which dyslexics show inferior performance than 

reading-level controls, and these differences c a ~ o t  be the attributed to ciifferences in reading 

ability (Stanovich & Siegel, 1994). 

Use of the reading-level matched design revealed that addt disabled readen were less 

skilled than reading-level matched children on tests of pseudoword reading and phonological 

sensitivity. These findings converged with those from the majonty of other sarnples in the 

literature, showing that the proximal cause of reading disability is deficient phonological 



processing (Bruck, 1990, 1992: Chiappe, S tanovich & Siegel, 1996; Fowler, 199 1 : Rack et al.. 

1995; Share & Stanovich, 1995; Siegel, 1993; Siegel & Ryan, 1988: Stanovich, 199 1 : Stanovich 

& Siegel, 1995; Torgesen et al.. 1994). The possibility that deficient temporal processing may 

underiie the phonological deficit, serving as a more distal cause of reading failure, was also 

exarnined using the reading-letje1 match design. A pattern supportive of the temporal processing 

deficit hypothesis would take the fom of dyslexic adults showing deficits relative to the reading- 

leveI matched children on tlie timing tasks. This pattern would suggest that dyslexics have a 

specific deficit in tasks requinng the rapid processing of stimuli, and this deficit. in theory. could 

account for the phenotypic performance profile of impaired phonological processing. However. 

dyslcxic adults performed at les t  as wel! as reading-level matched children on the experimental 

timing tasks (e.g.. auditory and visual gap detection, continuous RAN and placing pennies in a 

box). In fact. the adult disabled readers showed superior performance to that of reading-level 

matched children in terms of sensitivity on the auditory gap detection task. and in ternis of 

response laterxy on both auditory and visual gap detection tasks. Dyslexic adults' superiority on 

the sensitivity measure (d') is particularly important because in the case of the Iatencies there are 

large maturational effects on nonrelevant components of RT, whereas they receive no artifactuai 

advantage on the sensitivity measure. Thus. there was no evidence of a specific deficit in 

temporal processing. Because there was no evidence of a temporal processing deficit relative to 

reading-level mntched controls, it cannot be used as an underlying cause of the phonologicai core 

deficit. In other words, one cannot use a set of tasks (experimental timing tasks) on which 

dyslexics perfomed equally wel! or better than reajing-Ievel matched chilchen as a causal 

explanation for a set of tasks (phonological processing ta&) on which dyslexics performed 

worse than reading-level matc hed controls. 

In conc1usion.evidence undennining the existence of temporal processing deficits was 

derived fiom two types of group comparisons. On the one hand, the prediction that disabled 

readers would be selectively penalized on tasks with rapid processing demands, but not when 

processing rates are slow (Wolff et al.. 1990a. 1990b) received no support. Although dyslexics 



tended to perform worse than chronological-age controls. the predicted interaction was not 

observed. Therefore, dyslexic adults' performance on the experimental timing tasks was 

uninfluenced by rate. On the other hand, there was no evidence of a temporal processing deficit 

relative to reading-level matched controls. Because there was no evidence of a specific timing 

deficit, it cannot be used as a causal explanation for dyslexics' inferior phonological processing 

relative to reading-level matched children. 

The Relationshi~ Between Temnoral Processini? and Phonolorrical Processing 

The cornparison of dyslexic adults to chronologicai-age rnatched and reading-level 

matched controls is not the only source of evidence rehiûng the temporal processing deficit 

hypothesis. Three sources of evidence that contradict the timing hypothesis are revealed via the 

examination of the relationships among the reading. phonological processing, and timing 

variables. 

The fmt source of evidence undermining the existence of a class of hypothesized timing 

mechanisms is derived from the correlational analyses. Proponents of the temporal processing 

deficit hypothesis have proposed that reading failure is the result of an impaired timing 

rnechanism (e.g., Farmer & Klein, 1995; Wolff et al., 1990a. 1990b). This mechanism is 

believed to be involved in the temporal organization of perception andor action. T w c  scenarios 

would support the existence of such a mechanisrn. On the one hand. if a domain-specific timing 

mechanism is involved, one would expect performance on experimental timing ta& to be 

correlated with each other within the difierent modalities. On the other hand, if a domain-general 

timing mechanism exists, one would expect performance on experhental timing tasks to be 

correlated with each other across domains, as well as within modalities. However, performance 

on the experimental timing tasks tended to correlate poorly with one another. even within 

domains. For example, the measures From syllable repetition tended to produce low correlations 

with naming speed (r = .30), and tapping was uncorrelated with simuitaneously placing pennies 

in a box and drawing lines and crosses. On many of these tasks, dyslexic adults performed 



significantly worse than chronologicai-age controls. Because these ta& were sensitive enough 

to discriminate between skilled and less-skilled readers, the failure to fmd correlations arnong the 

tasks cannot be atîributed to lack of sufficient power. Therefore, the absence of robust 

correlations between the experimental timing measures within domains may be interpreted as 

evidence against the involvernent of a defective timing mechanism. 

The one domain in which there were moderate correlations among the experimental 

timing tasks was the dornain of perception. Low to moderate correlations were revealed between 

the two gap detection tasks and the Seashore Rhythm test. However, the correlations between 

the visual and auditory gap detection tasks rnay be attributed to the fact that minor variations to 

the same paradigm was used for these tasks. The Seashore Rhythm test, however, correlated 

moderately with both auditory and visual gap detection. The Seashore Rhythm test requires 

individuals to make judgments of temporal order, which is dependent on the ability to 

discriminate between long and shon stimuli. That is, the perception of temporal order requires 

that the successively presented stimuli are fmt identified accurately (Hirsh & Shemck. 1961). If 

an individual has difficulty discriminating between long and shon stimuli, which may be 

manifested as impaired performance on the gap detection tasks, that individual will experience 

difficulties recognizing the temporal order in which those hard-to-discriminate stimuli were 

presented. Note that there is no need to invoke an underlying timing mechanism as the causal 

factor underlying performance on the gap detection and Seashore Rhythm tests in order to 

explain the correlations between the tasks. One can parsimoniously explain the correlation 

between the tasks using perceptual ski11 as the Lirniting factor. Therefore, the moderate 

correlations between the experimental tasks testing perception may be attributed to similari ties 

between the tasks or perceptual deficits, and not necessarily to an underlying timing mechanism. 

As an interesting aside, the timing tasks tended to correlate much better with reading and 

phonological measures than they did with each other. This is consonant with the findings of 

several similar studies that the tirning tasks were conelated with word reading (Wolf, Bally & 

Morris, 1986; Wolff et al., 1990: Zurif & Carson, 1970), reading comprehension (Bowers, SteEy 



& Tate, 1988; Wolf & Obregon, 1992), pseudoword reading (Bowers & Swanson, 1991; Tallal, 

1980) and phoneme segmentation (Bowers & Swanson, 199 1). Although it is intriphg to note 

the correlations between performance on the experimental timing tasks and the acadernic 

measures, it is important not to overinterpret them. Due to the low correlations among the 

experimental tasks, one cannot c l a h  that their moderate correlations with the acadernic 

measures is evidence that impaired temporal processing results in low academic achievement. A 

viable alternative explanation for these correlations is that a variety of fairly pnenc factors, such 

as the individuals* speed of processing, motivation, ability to attend to the tasks, and s k i l l  at 

following directions influence their performance on both the experimental timing tasks and the 

acadernic measures. These factors tend to enhance performance in a variety of cognitive 

domains, and theù influence is not restricted to reading skill. 

While the correlational analyses showed that performance on the experimental timing 

variables is not influenced by a common underlying timing mechanism, the regression analyses 

provided a second source of evidence against the temporal processing hypothesis. Four 

regression analyses using different measures of word reading as cntenon variables produced the 

same pattern of results. The only experimental timing variable that contributed variance 

independent of phonologicd processing in word reading skill was conùnuous naming speed. 

Despite the fact that other experimental timing variables, such as latency in auditory gap 

detection and syllable repetition, correlated with word reading skill as well as continuous naming 

speed, these other measures failed to contribute additional variance in word recognition. In fact, 

continuous naming speed proved to be such a robust predictor of reading skill, it also proved to 

be the sole predictor of speiiing and print exposure measures independent of phonological 

processing. The curent replication of continuous RAN's ability to predict reading skill is 

consistent with a growing number of studies (e-g., Badian, 1993; Badian, McAnulty, Du@ & 

Als, 1990; Bowers & Swanson, 199 1; Wolf. 1991a; Wolf & Obregon, 1992). 

Continuous naming speed deficits have often k e n  attributed to underlying temporal 

processing deficits (e-g. Wolff et al., 1990a). For example, authon such as Wolf (199la) have 



suggested the possibility that reading failure might result from "a general propensity towards a 

slower functioning in linguistic and possibly motor hnctions. based on the failure of an 

underlying temporal processing mechanism" (p. L38). However. it is more probable that 

continuous namuig speed deficits reflect a linguistic deficit, rather than a temporal processing 

deficit. For example. a stepwise regression analysis was conducted in order to determine which 

measures were predictive of contuiuous narning speed. The predictor variables included 

estirnated IQ, measures of word reading skill. phonological processing, orthographie processing, 

and ail the experirnentai timing measures. The two siapificant predictors of continuous naming 

speed were skill at word reading, and performance on the discrete-trial RAN. The faiIure to find 

a single experimental timing measure (that was not a variation of the RAN paradigrn) 

contributing variance in continuous naming speed suggests that a word-retrieval deficit, and not a 

temporal processing deficit, may be implicated in continuous naming deficits. If word retrieval 

deficits are the cause of slow narning speeds (Badian, 1993), than the variance explained by the 

continuous RAN in reading ski11 must be attributed to deficient linguistic processing and not to 

temporal processing deficits. 

Finally, the relationship between phonologicd processing, naming speed. and 

performance on the remaining experimental timing tasks was explored with commonality 

analyses. The four commonality analyses using WRAT3 reading as the critenon variable 

produced the same pattern of results. Although continuous naming speed and skdl at phoneme 

segmentation tended to share approximately 20% of the variance, both measures also contributed 

variance independent of each other. In contrast. the timing measures contributed very Little 

unique variance in word reading skill. Furthemore, three of the timing measures shared Little 

variance (range 1.3 to 9.2%) with phoneme segmentation skill and continuous naming speed. 

This is m e  even of the Timing-Best variable, which was constructed in a rnanner intended to 

maxùnize the possibility of contributing variance to word recognition. The inclusion of the three 

variables with the highest zero-order correlations with word reading skill in the Timing-Best 

variable was meant to maximize this variable's relationship with word reading. These results 



clearly indicate rhat temporal processing deficits cannot be implicated either directly or indirectly 

in reading failure. Because performance on the experirnentai timing tasks shared negligible 

variance with the Rosner AAT, it is unreasonable to believe that temporal processing deficits 

underlie phonological processing deficits. Similarly, it is very unlikely that deficits in 

continuous narning speed result from impaired temporal processing because it too s h e d  vexy 

little variance with timing measures. Because of the large amounc of variance shared with 

phonological processing, it is likely that RAN performance is largely phonological in nature. 

In short, there was little support for any version of the temporai processing deficit 

hypothesis. The absence of significant group by ISI interactions, the lack of robust correlations 

between timing tasks, and the failure of the timing variables to explain unique variance in word 

reading skill converged to undermine the timing deficit hypothesis. SUnilarly, the timing 

variables shared little variance with phonemic awareness. Therefore. an impaired timing 

rnechanism c m o t  be used as a causal explanation for the phonological deficit that characterizes 

reading Mure.  

Theoretical Inferences 

Although dyslexics in general performed more poorly than normal readers, the pattern of 

results (i-e., the absence of group by rate interactions) undermined the temporal processing 

deficit hypothesis of developmentd dyslexia. Although the experimental tasks were sensitive 

enough to reveal group differences between disabled and nondisabled readers, the main 

prediction of the timing hypothesis, that disabled readers will be impaired on tasks with rapid but 

not slow processing demands, was not confmed. Because performance on the expenmental 

timing measures was uncorrelated with each other. the evidence refuted the possibility of a 

shared underlying construct (a timing mechanism). Finaily, with the exception of continuous 

naming speed, the experimental timing rneasures failed to be predictive of a variety of reading 

measures. in fact the experimental timing measures shared very little variance with 

phonological processing, rendering it extremely uniikely that temporal processing underlies the 



phonological core deficit of reading disability. 

Although the fmdings of this thesis undennine all variations of the temporal processing 

deficit hypothesis, they also suggest a potentiaily more promising hypothesis in the 

understanding of reading disability. This hypothesis is that word retrieval deficits are involved 

in reading disability. The finding that adult dyslexics narne lists of digits more slowly than 

normal readers, and that this impairment is a reliable predictor of reading ski11 independent of 

phonological processing, is consonant with the fmdings of similar studies (e-g. Badian. 1993; 

Badian, McAnulty, Dufi & Als, 1990; Bowen & Swanson, 199 1: Felton & Brown. 1990: 

Korhonen. 1995: Wolf, 199 1 a: Wolf & Obregon. 1992: Wolff et al.. 1 99Oa). In fact, even before 

reading is acquired, deficits in naming speed cari be used to successfully identiQ impairments in 

processes that would later be involved in reading development (Wolf, 199 1b). Therefore, 

ùnpairrnents in the word-retrieval, or naming system is a likelier cause of reading failure than 

impaired temporai processing. However. the current study was not designed to conciusively 

determine whether or not the word retrieval deficit is linked to the phonological deficits that 

underlie phonemic awareness. That is, it is not clear whether the slow naming rate may be used 

as an index of a generd phonological deficit. or if it reflects a consmct that is separate from 

phonemic awareness. 

Mechanisms that are among the best candidates as key processing rnechanisms that 

underlie reading disability would be modular systems (Stanovich. 1986a 1988). Modular 

systems refer to those that are fast, automatic, and informationally encapsulated (Fodor. 1983). 

These systems are not under the control of higher level structures, and the failure of modular 

systems do not disrupt unrelated central cognitive processes, or cognitive processes that are not 

dependent on the rnodular system's output. Reading disability can occur in the presence or 

absence of centrai cognitive impairments. For example, the phonological processing deficits diat 

characterize developmentai dyslexia are observed in disabled readers with both high and low IQs 

(Siegel, 1988, 1989). For a mechanisrn to be a plausible cause of reading disability, it must be 

specific to poor reading performance and not cause general cognitive impairment. If a 



mechanism causes general cognitive impairment, than it would be impossible for there to be 

dyslexics with high 10s. However, there clearly exist dyslexics with high IQs (Siegel, 1988, 

1989). Therefore, a processing system that respects the conditions of modularity is a viable 

candidates as the rnechanism which underlies reading disability. 

One such candidate is word retrieval. While word retrieval or naming satisfies rnany of 

the conditions of modular systems, its ability to account for unique variance in word reading skill 

suggest that it may be involved in reading disabiiity. Wolf ( 199 1 b) has argued that the rapid 

integration of visual, semantic, and phonological processes in word retrieval, and the relative 

dissociation of naming from IQ suggests that lexical access is a modularized process. 

Corroboration of word retrieval's independence of other cognitive processes was provided by the 

current study. Stepwise regression analyses revealed that serial naming speed (as indicated by 

the discrete-trial RAN) and word reading were the only variables that shared significant variance 

with continuous naming speed. Measures such as IQ or the expenrnental timing measures did 

not share significant variance with continuous naming speed. Therefore. although the construct 

of naming speed is independent of other cognitive processes. the subprocesses involved in the 

retrieval of verbal labels are involved with the subprocesses used to retrieve words when reading. 

It therefore appears that naming speed deficits reflect one area that is specific to developrnental 

dyslexia, in addition to phonological processing deficits. These findings provide a very tentative 

argument against phonological processing representing a single construct. That is, although a 

great deal of variance was shared between naming speed and phonemic segmentation. naming 

speed did have some unique variance. This suggests that word retrieval has some independence 

from phonological awareness. 

While dyslexic adults display conunuous naming speed deficits, one must determine 

whether this deficit reflects phonological problems (Katz, 1986). inadequately stored semantic 

information (Kail & Leonard cited in Wolf & Obregon, 1992). or a general oral lmguage deficit 

(Murphy, Pollatsek & Well. 1988). The fmdings of the current study suggest that naming speed 

deficits may reflect difficulties in phonological processing. Recali that approximately two-thirds 



of the variance that naming speed contributed to reading ski11 was shared with phoneme 

segmentation. In other words, only one-third of the variance naming speed contributed to word 

reading was independent of phonernic awareness. This means that although the two measures 

diverge, an underlying construct is involved in both phoneme segmentation and naming. The 

common construct is very likely a general ski11 at phonological processing. However, the 

divergence between the two ta& reflects two different classes of skills involved in phonological 

processing, phonological awareness and name retrieval (what Wagner & Torgesen. 1987 cal1 

phonological recoding in lexical access). Phonological awareness refers to the ability to identifj 

and manipulate phonemes. and is often assessed using phoneme segmentation tasks such as the 

Rosner AAT. While phonological awareness reflects receptive skills, phonological recoding in 

lexical access, which is frequently assessed using the RAN paradigm (Badian, 1993), involves 

production abilities. Therefore, although rapid naming deficits likely reflect problems in 

phonological processing, they contribute additional variance in word reading beyond the 

influence of phonological awareness tasks because they involve the renieval of phonologicd 

representations pior to output processes. This is not surprising because the subprocesses 

involved in lexical access in naming are also implicated in Lexical access in word reading. 

Aithough the discrete trial RAN was one of the two variables that were predictive of 

continuous naming speed, it did not account for unique variance in word reading. in fact, serial 

naming speed discriminated between normal and disabled readers when the ISI was long, but not 

when it was shon. These findings reflect the inconsistency with whch discrete trial RAN has 

been predictive of reading skill. For example, Stanovich and his colleagues (Stanovich, 198 1: 

Stanovich, Feeman & Cunningham, 1983; Stanovich, Nathan & Zolman. 1988) found that 

children's Latencies for correct responses in the discrete-trial RAN did not always correlate 

significantly with reading s u .  In fact, Stanovich et al. ( 1988) found that discrete-trial narning 

speed correlated better with age than readiog skill! This led the authors to conclude that discrete- 

triai naming is not an important contributor to reading skill. Similady, Perfetti, Finger and 

Hogaboam (1978) also found that discrete-trial RAN was not discriminative of skilled and 



unskilled reading. In contrast, other studies have reported that discrete-triai latencies 

success€ully discriminated between normal and disabled readers (e-g., Bowers & Swanson. 199 L : 

Ehri & Wilce, 1983; Levy & Hinchiey, 1990: Yap & Van der Leij. 1993). For example. Ehri & 

Wilce ( 1983) reported that discrete-trial latencies discriminated between skilled and less-skilled 

readers in grades 1.2 and 4. In order to better understand continuous naming speed's 

relationship with reading skill, one must investigate its relationship with discrete-trial naming 

speed. 

Although both tasks involve word retrieval, it is believed that the continuous and 

discrete-trial formats of the RAN task involve different cognitive processes. Reading may have 

more cognitive processes in cornmon with the continuous version of the naming task. These 

processes include word retrievai within the context of rapid scanning, sequencing and processing 

of contiguous material (Wolf, 199 la). In contrast, the discrete-trial RAN may be considered a 

purer measure of word-retrievai speed (S tanovich, 1988; Wolf, 199 1 a). Extraneous sources of 

variance, such as speed in scanning and sequencing, have been removed from the task 

requiremenü. Therefore, contradictory findings between the continuous and discrete-trial 

naming tasks, such as those from the present study, are not theoretically problematic. Rather, 

they indicate the context in which lexical access becomes problematic for disabled readers. The 

discrimination of disabled readers from normal readers in the continuous naming task. but not 

necessarily in the discrete-trial naming task suggests that lexical access becomes problematic 

when more subprocesses must be integrated. This pattern is analogous to the finding that Stroop 

interference is dramaticdy reduced when stirnu!i are presented serially rather than in a 

continuous List (Dalryrnple-Aiford & Budayr. 1966; Neill. 1977). Therefore, the different 

patterns of performance produced by the continuous and discrete-trial versions of the RAN task 

is informative of the context in which namuig deficits mise. 

Finaily, continuous-list naming speeds may be more predictive of reading ski11 than 

discrete trial mesures as a result of structurai and psychometric ciifferences in the tasks. In the 

continuous RAN, the latency score is the total tirne necessary for an individual to name ail the 



items in a set of visual stimuli including errors. The erron are considered process-indicative 

because they reflect dismptions in the word retrieval process (Rudel in Wolf, 199 la). In 

contrast, the latency score of the discrete-trial RAN reflects the average time required for an 

individual to name a single stimulus presented tachistoscopically. Thus, outlien and errors are 

removed from the analyses (Bowers, Golden. Kennedy & Young, 1995). The removal of errors 

from the analyses in discrete-mal naming would likely have the effect of diminishing differences 

between disabled and nondisabled readen. Therefore, although discrete-trial RAN may be 

considered a puer measure of word revieval than continuous narning, the removal of errors and 

outliers from the analyses also results in the removal of information that is indicative of 

dismptions in lexical access. 

Surnrnarv and Future Directions 

The current thesis investigated the hypothesis that the phonological deficit associated 

with reading failure is caused by an irnpaired timing mechanism. However. the current results 

clearly indicate that the temporal processing deficit hypothesis of developmental dyslexia cannot 

provide a causal explanation for reading failure. Despite significant group differences between 

normal and dyslexic adults on the timing tasks and moderate correlations between timing tasks 

and word reading skiii, key predictions of the timing hypothesis were not observed. Although al1 

variations of the timing hypothesis predict that disabled readers would show impaired 

performance on trtsks that require the rapid processing of stimuli but not on tasks without 

speeded performance requirements, group by rate interaction was significant in the predicted 

direction. Therefore, despite the overaii pattem of poor performance by dyslexic adults, the 

timing hypothesis was unable to e x p l h s  dyslexics' patterns of impairment. 

A second important failure of the timing hypothesis was revealed through the cornparison 

with younger skilied readers matched on reading skill. Dyslexies showed the classic pattern of 

impairment in the investigation of phonological processing (Bruck & Treiman, 1990; Rack et al.. 

1992: Stanovich Br Siegel, 1994). That is. the younger children outperformed the older disabled 



readers on a phoneme segmentation task and in pseudoword reading. This is consistent with the 

phenotypic performance profile of dyslexia. However, the dyslexics performed at least as well, 

if not better, than the reading-level matched children, revealing no evidence of a temporal 

processing deficit relative to reading-level matched controls. Because there was no evidence of a 

specific timing deficit, it cannot be used as a causal explanation for dyslexics' inferior 

phonological processing relative to reading-level matched children 

Finally, with the exception of naming speed, the timing tasks failed to expiain unique 

variance in word reading. Because the cornrnondity analyses revealed that naming speed shared 

very little variance with the timing variables, it is unlikely that naming speed reflects a constmct 

that is independent of temporal processing. Rather, deficits in word retrieval, and not temporal 

processing, play an important role in reading failure. The impairment in lexical access seems to . 

reflect phonological problems, and not timing deficits. Therefore, further research in the attempt 

to gain a better understanding of word retrieval and its role in reading disability is urged. 

The relationship between word retrieval and phonological processing is deserving of 

further investigation. Aithough phonological awareness (as measured by the Rosner AAT) was 

the most potent predictor of word reading skill, naming speed contributed additional unique 

variance. This suggests that word retrieval has some independence from phonological 

awareness. However, a great deal of variance was shared between naming speed and phoneme 

segmentation, suggesting a cornmon construct is involved in word retrieval and phonological 

awareness. Therefore, the role of word retrieval in reading skill, relative to phonological 

awareness requires further investigation. Research of particular importance would be the 

determination of the locus of divergence between phonological awareness and word retrieval, 

which may address the roles of prelexical and postlexical processing in phonological awareness 

and naming tasks. 

A second issue worthy of investigation is the determination of the underlying cause of 

slow word retrieval rates. This goal might be achieved through a microanalysis of RAN 

performance. Such an investigation would explore the relationship between articulation rate, 



accuracy in word retrieval and naming speed. Particular attention would be devoted towards the 

analysis of corrected errors in naming speed. Such an investigation would reveal whether slow 

naming speeds reflect slower processing in lexical access, or less accurate processing. Because 

the results of the current thesis suggest that disabled readers do po show impaired temporal 

processing, it is likety that naming speed deficits reveaied by the continuous version of RAN 

result from impairments in the selection of the correct lexical candidate. 

in conclusion, the findings of the current thesis undermine al1 versions of the timing 

hypothesis as a causal expianation for reading failure. However, in addition to measures of 

phonological awareness, naming speed deficits proved to be a robust predictor of word reading 

skill. Because naming speed proved to be independent of other timing tasks, it is more iikely a 

reflection of word retrieval irnpairrnents. However, hinher investigation is requûed to determine 

the underiying cause of word retrievd deficits and its role in reading failure. 



References 

Ackenran, P. T.. Dykman, R A., & Gardner, M. Y. (1990). CounMg rate, naning rate, 

phonobgical semitivity. and memory span: Major factois in dyslsria Journal of Leamhg 

Disabûities, 23,325-327,3 19. 

Adams, M. J. ( 1990). B e h n i n ~  - to read: Thinkin and leni ing about p ~ t .  Cambridge, 

MA: MIT Press. 

Anet& M., & Di Loilo, V. ( 1979). Visual information processing in relation to age and 

reading ability. Journal of Ex erimental Child Ps~chdo-y, 143-152. 

Badcock, D ., & Lovegrove, W. ( 198 1 ). The effects of contrast samulus duntion, and 

spatial frequency on visible persisence in namial and specificdly disabled readers. Journal of 

Ex~erimental Psvcholorrv: Human Perœption and Performance, 7,495-505. 

Badian, N. A. (1993). Phonemic awaeness, naming, visual symbol processing, and 

readmg. Readine: and Writine: An hterdiscioluiarv Journal, 2 87- 100. 

Badian, N. A.. McAnulty, G. B., D u Q ,  F. H.. & Als. K. ( 1990). Predichon of dyslexia in 

kindergarten boys. Annals of Dvslexia, JO, 152-169. 

Badian, N. A., &Wolff, P. H. (1977). Manualasymrneaies of motor sequencmg in boys 

w ith reading disability. Cortex, 1 3, 343-349. 

Barker, K., Torgesen, J. K. & Wagner, R. K. ( 1992). The role of orthograptilc processing 

skills on five different reading tasks. Reading Research Ouarterly, a, 334-345. 

Beauvois, M. F., & Deroueme, J. ( 1979). Phonological alexia: Three dissociations. 

Journal of Neurdow, Neumsurgerv - - & Psvchiaüv, 42, 1 1 15- 1 123. 

Behmiain, M., & Bub, D. (1992). Surface dyskxia and dysgraphia: Dual roues, single 

lexicon. Cornitive Neurora~chology, 9, 209-25 1. 

Bentin, S. ( 1992). Phonological awaeness, readllig and reading acquisition. in R. Fms t & 

L. Kaa (Eds.), Orthoerauhv. ohonolow. morpholow. and meaning. Amsterdam: North-Hollmd. 

Pp. 193-2 10. 



Benton, A. L. (1955). Development of fmger-localizaDon capaciiy in school cbildren Child 

Develmment, 26,225-230. 

Bemdt R.. Reggia, I., & Mitchum, C ( 1987). Ernpincdy derival probabilities for 

grapheme-to-phomme correspondences in English BehaviDr Research Methods. Instruments. & 

Com~uers,  19, 1-9. 

Boder, E. ( 1973). Developmntai dyskxiê A diagnostic approach b e d  on three typicd 

readuig-spelling patterns. Develwmental Medicine and Child Neurolopy, 15,663687. 

Bowers P. G. (1 995). Tracing symbol naming speed's unique conaibutions to reading 

disabilities over the .  Readine and Writine: An hterdisci~~inarv Journal, 7, 189-2 16. 

Bowers. P. G.. Golden, J., Kennedy. A.. & Young, A. (1995). Limias upon oahographic 

knowledge due to processes indexed by narning speed. In V. W. Berninger (Ed.), The varieties of 

orthoera~hic know ledge (Vol. 1 ). Dordrecht The Netherlands : Kluwer Academic. Pp. 173-2 18. 

Bowers, P. G., Steffy, R., & Tate, E (1988). Cornparison of theeflects of IQ conaol 

rnethods on memory and naming speed predictors of reading disability. Readirig Research Ouarterlv, 

23, 304-3 19. - 

Bowers. P. G., & Swanson, L. B. ( 1991). Narning speed defcits in reading disability: 

Multiple measures of a singular proœss. Journal of Ex~erimental Child Ps c h o l o ~ ~ ,  a, 195-2L9. 

Bowers, P. G.. & Woif, M. ( 1993). 'Theoretical Links ammg narning speed. precise nming 

rnechanisms and anhographic s kill in dyslexia Readine and Writing: An ui terdisciviinarv Journal, 

5,69-85. - 

Bowey. J. A., Cain, M. T., & Ryan, S. M. (1992). A reding-level design saidy of 

phonobgicd skiils underiying fourth-grade children' s word readuig ~ icu i t i e s  . Child Development, 

63,999-101 1. - 



Bradlq, L., & Bryant, P. E. (1983). Categorizing sourds and leaning to read - a casal 

connedion. Nature 60 1, 1 19-1 2 1. 

Brown, J. 1-, Nelson, M. J., & Denny, E. C (1973). The Ndson-Dennv readino est. 

Boston, MA: Houghton MiWin Co. 

Bmck, M. (1988). The word recognkion and s p e b g  of dyslexic children. Reading 

Reseaxch Ouarteri~, 23, 5 I -69. 

Bruck, M. (1990). Word-recognition skills of adults with childhood diagnoses of dyskxia 

Developmentd Psvcholo , 26,439454. 

B mck. M. ( 1992). Persinence of dy slexics ' phomlogical aw arenes s &fi&. 

s, 2,874486. 

Bmck, M. & T r e k .  R. (1990). Pbonologial awarems and spelling in nomial cMdren 

and dyslexics: The case of initial consonant clusters. Joumd of Experirnend CMd Psvcholow, 50, 

156-178. 

Bruuinlks, R. H. (1978). Bruininks-Oseretskv Test of Motor Pmficiencv. Ckle  fines, 

LMN : American Guidance Service. 

Bryant P. E., Bradley, L, Machan, M., & Crossland, j. (1989). Nursery rtiyrnes, 

phonobgical skills, and reading. Journal of ChiId h m a ~ e ,  i6,407428. 

Bryant P. & Gosw ami, U. ( 1986). Strengths aid wesknesses of the reading level ksign: 

A cornnient on Badunan, Mamai, and Ferguson. Psvchdo~icai Bulletin, 100, 101-103. 

Bryant P.. & Inpey, L. (1 986). ïk  similarties between normal readers a d  developumtal 

and quired dyslexics. Comition, 2, 121-137. 

Castls. A., & Coltheart, M. ( 1993). Varietks of developmental dyslexia Comition, 47, 

149-180. 



C m ,  H. W. ( 199 1 ) . Eady identification of reading disabilities . To~ics  in Lanrmaee 

Disorders, 12_( 11, 1-16. 

Chiappe, P., Staiovich, K. E., & Siegel, L. S. (1996). Regulaity and mnsistency in word 

recognition: A cornparison between dyslexies and nonnal readen. Paper presented at ihe annual 

meeting of the American Educationai Researc h Association, New York 

Coltheart, M. (1980). Iconic memory and visble persistence. Percepion and 

Psvchophvsics, 2Z, 183-228. 

Coltheart, M., Masterson. il., Byng. S.. Prior, M., & Fiddoch, J. (1983). Surface dyslexia. 

Ouartcrlv Sournd of Expimentai PsychoIoq, 37A, 469495. 

Coltheart, V., &Leahy, J. (1992). Children's and adulîs' reading of nonwords: Effects of 

regulaity and aonsistency. Joumd of Experimentai Psycholom: Leamin Memory. and Cognition, 

18, 7 18-729. - 
Corso, l. F. ( 1963). A theoreticohistorical review of the threshold concept. Psycholoeical 

Builetin, 60, 356-370. 

C u w h a m ,  A. E ( 1990). Explicit versus irrplicit instruction m phonemic awareness. 

Joumai of Exuerimental Child Ps~cholow, 3J,4394!4. 

Dairynple-Alforcl, E. C., & Budayr, B. ( 1966). Examination of som aspects of Stroop 

colour-word test Percemal and Motor S kills, 23, 12 L 1- 12 14. 

Das, J. P., Mishra, R. K.. & Kirby, J. R. ( 1994). Cognitive patems of chikiren with 

dyslexia: A conparison baween groups with hgh and a v q e  nonverbai intelligence. Journal of 

LeamHig: Disabilities, 27,235242,253- 

Denckla, M. B. ( 1972). Colour narning defects in dyslexic boys. Cortex 8, 164-176. 

Denckk, M. B ., & Rudel, R G. ( 1976). Rapid "automtized" n d g  (R.A.N.): Dyskxia 

diffeientiated kom other leamhg disabilitis. Neuropvcholoeia. î4,4?4479. 

CarroIi, J. B., Davies, P, & Richmai, B. (197 1). Word fkequencv book. Boston: 

Houghcn Mifflin 



Di Loilo, B., Hmson, D., & McIntyre J. S. (1983). Initiai stages of visuai inforniaion 

proceshg in dyslexia Journal of ExDerimental Psvcholo w: Human Penieation and Perforrnmce, 

9,923-935. - 

Ehri, L. ( 1985). Effects of printed language acquisitim on speedi. In D. Olson, N. 

Torrme, & A. Hildyard (Ms.), Literacv. lanmize. and leaming. New York: Canbridge 

University Press. Pp. 333-367. 

Ehri, L., & Wikœ. L. ( 1983). Deveioprnent of word identification speed in skilled and less 

skiiied beginning readers. Journal of Educationai Psvrholo~, 3- 18. 

Ehri, L., & Wdœ, L. ( 1985). Movement into reading: 1s the f i t  stage of printed word 

learning visuai or phonetic? Readim Research OuarterIy, 3, 163-1 79. 

Farmer, M. E.. & Klein, R. M. (1993). Auditmy and visuai tempoml processing in dyslexic 

and nrnmal readas. Annals of the New York Academv of Sciences, 682,339-34 1. 

Farmer, M. E., & Klein, R. M. ( 1995). The evidence for a temporal processmg deficit Linked 

to dydexia: A review. Psvchmomic Bulletin & Review, 2 460393. 

Fawcett, A. J., & Nicoison R. 1. (1992). Automatisation deficiis in balarice for dyslexic 

children. Percepal Motor Skills, 75, 507-529. 

Fawce~  A. J.. & Nicolson, R. 1. (1994). Naning speed in chiidren with dyslexia Journd 

of Learnino Disabilities, 2 , 6 4  1 4 6 .  

Felton, R. H. & Brown, 1. S. ( 1990). Phonological gocesses a predictcrs of speafic 

readmg SUS m children at risk for reading failure. Reading and Writine: An Interdisci~harv 

Journal, 2, 39-59. 

Felton, R. H., &Wood, F. B. ( 1992). A reading level match study of nonword reading 

skills in poor readers widi varying IQ. Journal of Leamine Disabiiities,25,318-326. 

Fletckr, J .  M., Francis, D. J., Rourke, B. P, S hayw itz B. A., & S hayw itz, S. E. ( 1992). 

The validity ofdiscrepancy-based defibitions of reading disabilities. Journal of Leaniin~ DisaMies, 

25,555-561. - 



Fletckr, J. M., S haywitz, S. E.. S hankweiler. D. P., KG L., Lhennan, 1. Y ., S teubing. K. 

K., Francis, D. J., Fowler. A. E., & S hayw ia B. A. ( 1992). Cognitive profiles of xeading 

disabiiity: Conparisons of discrepaicy and Iow achievelrent d e f ~ o n s .  Journal of Educaional 

Psyhdoey, &6-23. 

Fodor, J. A. (1983). Modulaitv of mind. Cambridge. MA: MIT Press. 

Fow ler, A. E. (1 99 1 ). How early phoaoiogical deveiopmait might set the stage for 

phonerre awareness. In S. A. Brady & D. P. S haikweiler (Eds.), Phonoloeical processes in Iiteraq. 

Hilisdale, NI: Erlbaurn Pp. 97- 1 17. 

Gatheicole, S. E, & Badddey, A. D. ( 1987). The procss underlying segmental analysk. 

European Bulletin of Co kive P s v c ~ l o w ,  7,462464. 

Glushko, R. ( 1979). The organizhn and activation of orrhographic knowldge in re&g 

aloud. Journal of Exwrimental Psvcholow: Human Perception and Perforrnmce, 5, 67449 1. 

Goswanii, U.. & Bryant, P. E. (1990). Phonoboical skills and leamin.. to read. Hinsdale, 

NJ: Erlbaum 

Halstead, W. C. ( 1947). Brain and Intelligence. Chicago: University of Chicago Press. 

Hirsh, 1. J., & S herrick, C. E. Jr. ( 196 1). Perceived order in different sense modaiïties. 

Journal of Exoeximentd Pwcholoq, 62,423432. 

H@ien,T.. Lundbag, I., Slanovich. K E., & Bgalid, 1. K. ( 1995). Componmts of 

p honological awaeness . Readirig: and Writing : An Interdisci ary Journal, 7, 17 1-188. 

Hulme, C. ( 1988). The irnplausib~hty of Iow 4evel visuai deficits as a cause of chilchen's 

reading difficulties . Comitive Neuropsvchologv, 369-374. 

Hynd, G. S ., Manhall, R.. & Gonzalez, J .  ( 199 1). Leaming disabilities and presumed 

centrai nervous system dydunction. LeaniHin Disability O u a r t d ~ ,  bJ, 283-296. 

Jorm, A. G., & Share, D. L ( 1983). Phonological recoding and readuig acquisition. 

Applied Psychoheuistics, 4, 103-147. 

Kan, R. B. ( 1986). P honological deficiencies in children w ith reading disability : Evidence 

from ai object naming task Copniaon, 2.225-257. 



Ka& W. F.. Curtiss, S ., & TaIIal, P. ( 1993). Rapid aitomatized naming mi gesture by 

normal and language-impakd chilcirai. Brain and Lm-ze, $3, 634-64 1. 

Kerlinger, F. N., & Pedhazur, E. J. (1973). Multiple remession in behavioral research. 

New York: Holt. Rinehart and Winston. 

Klicpera, C., Wolff, P. H, & Drake, C. ( 198 1). Bimanual CO-ordmation in adolescent boys 

w ith ieading remdation. n, 23, 6 617625. 

Korhomn, T. T. ( 1995). The persis tence of rapid nming problans in children w ith readuig 

disabïiities: A nine-yearfollow-up. Journal of Leamine Disabilities, a, 232-239. 

Knik, R. ( 199 1). Functionai consquences of a transient visuai rocess in g de fici t in readirq 

disabled chilcim. Unpubkhed doctoral dissertation Ontario Institute for SN&S in Eduaion. 

Toronto. 

Larsen, P. H~ien, T., Lundbag, I., & Odegaard, H. (1990). MRI evduation of the size and 

s ymmeny of the planum temporale in adolsecena w ith dewlopmental dy slexia. Brain and Lana-e, 

39,289-30 1. - 
Levy, B. A., & Hinchiey. J. ( 1990). Individual and developmentai differenœs in the 

acquisition of ~ a d i n g  skills. In T. H. Carr & B. A. Levy (Eds.). Readine and its development: 

component skills ap roachs. New York: A d e m i c  Press. Pp. 81-128. 

Libernian, 1. Y.. Shankweikr. D.. Fisher. F. W.. & Carter. B. ( 1974). Explicit syhble and 

phone= segmentaion in tk young child. Journal of Experimental Child PsvchoIom, & 2 0  1-2 12. 

Lovegmve, W. .J, Heddle, M., & Slaghuis. W. ( 1980). Reading disability: Spatial 

frequaicy specific deficiis in visual information store. Neuropsvchologia, 18, 1 1 1-1 15. 

Lovegrove, W. J , Martin, F., & S laghuis, W. ( 1986). A theoretid and experimental case 

for avisual deficit in spxific reading disatrility. Cognitive Neuro~ychology, 3, 225-267. 

Lovegrove, W. I, Slaghuis, W., Bowling, A., Nelson, P.. & Geeves,E. (1986). Spatial 

frequaicy processing and the prediction of reading ab*: A prehinary mvestigahn. Perceaion 

and Psychophvs ia, 40,440-444. 



Lundbag, L. Fmst, I., & Peterson, O. ( 1988). Effeca of an e m s i v e  pmgram for 

s timuhting p honological aw areness m preschool children Readim Researc h Ouarterlv, 2, 263- 

284. 

MacMinan, N. A, & Creelnian, C. D. ( 199 1). Detection theorv: A user's guide. New 

York: Cambridge University Press. 

Manis. F. R., Cistudio, R, & Szeszulski, P. A Developnent of phonological and 

orthographie s u :  A 2-year longiudinal sndy of dyskxic children. Journal of Exoerimental Child 

Psvchdoszy, 56.64-86. 

Manis, F. R., Sedenberg, M. S., Doi L.. McBnde-Chang, C., & Petersen, A. (in press). 

On the bais  of two subtypes of developrnentd dyslexia Comition. 

Mann, V. ( 1984). Reading skill and language skill. Develmrnental Review , & 1- 15. 

Mazer, S. R., Mclntyre, C. W., Murray, M. €.,TU, R. E, & BlackweiI, S. L (1983). 

Visuai persisterce and information pick-up in learning cikabled chiidren. Journal of Leaming 

Disabilities, s , 3 2  1-225, 240. 

McBri&-Chang, C, & Manis, F. R. (1 996). S nuctural invariance in the associations of 

n&g s peed, phonological aw areness, and verbai reasoning in good and poor readers: A test of the 

double deficit hypothesis. Readine and Wriane: An Interdiscipiinq Journal, 8, 323-339. 

McCroskey, R. L, & Kidder. H. C. (1980). Auiitory fusion arnong learning disabled. 

reading disabled, and n o r d  children. Journal of Leamine Disabilities, 13, 18-25. 

McGivern, R. F., Berka, C, Languis, M. L., & Chapman, S. ( 199 1). Detection of deficits in 

temporai pattern discrimination using the Seashore Rhythm Test in young chikiren with reading 

impahents. Journal of Leamine Disabilities,l3,58-62. 

Mody, M., Saidda-Kennedy, M.. & Bmdy. S. (in press). Speech perception deficits m 

poor leaders: Auditory pmcessing or phonological coding? Journal of Exuerimentai CMd 

Psvchdony. 

Morais, J., Benelson. P.. Cary, L., & Alegria, J. (1979). Does awareness of speech as a 

sequence of phoms arise spontaneously? Comition, l, 323-33 1. 



Morrison. F., Giordani. B, & Nagy, J. (1977). Reading disability: An information 

processing analysis . Scienœ, m, 77-79. 

Murphy, L. A., Poilatsek, A., &Weil, A. D. (1988). Developmental dyslexiaand word 

retrieval defich. Brain and Language, 35, 1-23. 

Neill, W. T. ( 1977). Inhibition and facilitzdion processes in sdective attention. Journal of 

Ex~erimentai Psvchoio~v: Hurnan Perœ~tion and Performarice, 3,444450. 

Nicolson. R. L, & Fawcett, A. 1. ( 1990). Autodci ty : A new frarneword for dyslexia 

research? Cognition, 3, 159-182. 

O'Neill G.. & S~nley,  G. (1976). Visual processing ofsfraightlines in dyslexic and 

no@ children. British Journal of Educationd Psvcholooy, 46, 323-327. 

Olson, R. K., Kliegl. R., Davidson, B., & Fola. G. (1985). Individual and developrnentd 

diffehnces in teadhg disability. Ln G. E. M a c h o n  &T. G. Wder (Eds.), Readine research: 

Advanœs in t h e q  and practice (Vol. 4). San Diego, CA: Academic Press. Pp. 1-64, 

Oison. R., Wise. B.. Comas, F.. Rsk, I., & Fuiker, D. ( 1989). S pecifc deficits m 

compoipnt readmg and langage skills: Genetk and environmental influences. Journal of Leamhg 

Disabilities, 22, 339-338. 

Pattemn, K. E.. Br Morton, J.  ( 1985). Fromorthogmphy to phonology: An attempt at an 

old interpretaibn. In K. Patierson I.  marsh hall. & M. Coltheart (Eds.). Surfaœ dvslexia London: 

Lawrence Erlbaum Associates. Pp. 335-359. 

Pennington, B. F., Giiger,J., Olson, R. K., & DeFBes, J. C. (1992). The extemal validity 

of age- versus IQ-diescrepancy def~tions of reading disability: Lessons kom a twin study. Journal 

of Learning Disabilities, 3, 562-573. 

Perfem. C. A. ( 1984). Reading acquisition and bey ond: Decodmg includes cognition 

American Journal of Education, z,40-60. 

Perfetti. C. A. ( 1985). Readiw - abm. New York: Oxford University Press. 



Perfetti, C. A., Finger. E, & Hogaboar& T. (1978). Sairces of vocalization latency 

ciifferences between skilled and less skilled young readers. Journal of Educaional Psvcholow, a, 
730-739. 

Rack, J. P., Snowling, M. J. & Olson R. K. (1992). T k  nonwordreading defcit in 

developmental dys lexia: A review . Readine Research Ouarterlv, a, 28-53. 

Rayner, K., & Pdatsek, k ( 1989). The ~sycholow of reading. Englewood Cliffs. NJ: 

Prentke-Hall. 

Rayner, K., PoIiatsek. A., & Bilsky, A. B. ( 1995). Can a temporal processmg deficit 

account for dys kxia? Psvchonomic Buktin & Review, 2,5O 1 -507. 

Reed, M. A. ( 1989). Speech perception and tbe d i s c ~ a t i o n  of brief auditory cues in 

reading disabled children. Journal of Expecimental Cbild Ps y c h o l o ~ ,  48, 270-292. 

Rosner, J. & S b n ,  D. P. ( 197 1). The auditory analyss test: An initial report. Ioumd of 

Learnine Disabilities, 4, 1- 15. 

Scarbcaough, H. S. ( 1990). Very ealy languge deficiû in dyslexic children. Child 

Develament, 51, 1728- 1743. 

Seidenberg, M. S., Waters, G. S.. Banes, M. A. & Tannaihaus. M. K. (1984). When dœs 

irregular spelling or pronunciation influence word recognition? Journal of Verbal Leamine and 

Verbal Behavior, 23,383-404. 

Shaike, T., &Warrington, E. K. (1980). Smgle and mltiple component cmaal dyslexic 

syndromes. In M. Coltheart, K. E. Pattenon. & J. C. Mashall (Eds.), Deeo Dvslexia Lordon: 

Routledge & Kegan Paul. Pp. 119-145. 

Share, D. L., Jorm, A. F., Maclean, R., & Mathews, R. (1984). Sources of individual 

diffemces in ~ad ing  acquisition. Journd of Educztional Psycholoq, o, 1309 1324. 

Sidhu, R. ( 1995). An exnination of the contstuct vaiiriitv of reding 

disabihty sub~pes. Unpublished maters thesis. Ontatio hstitute for Studies in Echication, 

Toronto. 



Siegei, L. S. (1988). Evidence th$ IQ scores are irrelevant to the defuiition and anaiysis of 

reading disabW. Canadian Journal of Psycholo~~,  42,20 1-2 15. 

S iegei, L. S. (1989). IQ is irrelevant to ttE defmitbn of leaming disabilities. Joumal of 

LRarnmo Disabdities, 22,469479. 

Siegel L. S. (1992). An evaluatbn of the discrepancy definition of dyslexia Journal of 

Leammg Disabilities, 25,6 18-629. 

Siegel L. S. (1993). Tk developmnt of reding. In H. W. Reese (Ed.), Advanœs in chM 

develwment and behavior (Vol. 24). San Diego: Academic Press. Pp. 63-97. 

S iegei, L. S ., & Heaven, R. K. ( 19û6). Caregorization of learnmg disabilities. Ln S. J. Ceci 

(Ed.), Handbook of comiitive. social. and muro~svchdogicd amects of karning disabilities (Vol 

1 ). Dordrecht, The Nethedands: Khwer Academic. Pp. 7 1-84. 

S iegei, L. S ., & Ryan, E. B. ( 1988). Development of grammrincal sensitivity, phonologicai, 

and short-tem mmory skik in n o d y  achieving and leatning disabled children. Developmenÿtl 

Psvcholow, 2 , 2 8 - 3 7 .  

Siegel, L. S.,Share, D., & Geva, E. (1995). Evidence for superior orthographie skills in 

dyslexics. Psvcholoszical Science, 4, 250-754. 

Snowling. M. J., Stackhouse, J.. & Rack, J. P. ( 1986). Phonologid dyslexia and 

dysgrphia - A &veloprnentd mdysis. Comitive N e u r o c s v c h ~ l o ~ ~  2,309-339. 

Snowhg, M. J., van Wagtmdonk, B., & S taffonl, C .  ( 1988). Object-naming deficiü in 

developmental dyslexia Journal of Reseach in Readinq, 67-85. 

Sianley, G. ( 1975). Twopart stimulus integmtion and specifc reading disability. Percepual 

Motor S kiils, 4, 873-874. 

Stanley, G., & Hall, R. (1973). Short-term visual information pmcessing in dyslexics. 

Chiid Developmeng g , 8 4  L -844. 

S tanovich. K. E. ( 198 1 ). Relationships between word dcoding s peed, generd narne- 

retrieval ability , and r&g provss in fmt-grade children. Journal of Educaional Psvcholoq, a, 
809-8 15. 



Stanovich, K. E. ( 1986a). Cognitive processes and the reading problems of leaming 

disabled children: Evaluaing the assumption of s p e c i f i .  In I. K. Torgsen & B. Wong (Eds.). 

Psvchdoeicai and educational ~ers~ectives on leamin8 disabilities. San Diego, CA: Academk 

Press. Pp. 87- 13 1. 

Stanovich, K. E. ( 1986b). Matthew effects in reading: Some consequences of individuai 

differences in the acquisition of iiteracy. R e a d k v  a, 360406. 

S tanovich, K. E. ( 1988). Explainhg the differences between the dyslexic n d  the ganlen- 

variefj poor reaier: The phonologicd-core vaiable-ditference model. Journal of Learning 

Disabilities, 21y5904û4, 6 1 S. 

Stanovich, K. E. (1991). Discreparry defintions of reading disability: Has intelhgence led 

us astay? Reading Research Quarterlv, 26, 7-29. 

S tanovich, K. E, & Cunningham, A. E ( 1992). S tudying the consequences of literxy 

within a literate society: The cognitive conelaies of print expasure. Memory & Cornition, 3, 5 1- 

68. 

Stanovich, K. E, Cunningham, A. E., & Cramer, B. B. (1984). Asçessing phonological 

aw areriess in kiodergarten children: Issues of task comparability . Joutnal of Ex-xirnentai Chiid 

Ps~cholooy, 175-190. 

S tanoiich. K. E, Cunningham, A. E., & Feeman, D. J. ( 1984). Intelligence. cognitive skills. 

and early readuig progress. Readim Research Ouarterly, Dy 278-303. 

Stanovidi, K. E.. Feernan, D. J.. & Curmingham, A. E. ( 1983). The development of the 

realtbn between letter-nanuig speed and reading abllity. Bulletin of the Ps~chononiT Society, 2 l ,  

199-201. 

S tanovich, K. E, Nathan, R. G., & Vala-Rossi, M. ( 1986). Developmental changes in the 

cognitive correhres of reading ability and tk developrnental lag hypothesis. Readine Research 

Quarterl~, 2,267-283. 

Stanovich, K. E, Nathan, R. G., & ZoLman, J. E. (1988). The dewlopmental Iag hypothesis 

in reading: Longitudinal and matched reading-level comparisons. Child Develo~ment, 3 , 7  1-86. 



S tanovich, K. E. & Siegel, L. S. ( 1994). Phenotypic pafomiance profie of children w ith 

reading disabilhies: A iegression-based test of the phonologicai-core variable-diffaence modef. 

Journal of Educztional P s ~ c h o l o ~ ~ ,  a, 24-53. 

Stanovich. K. E, Siegel. L. S., Gottardo, A., Chiappe, P.. & Sidhu, R. (in press). Subtypes 

of developrnental dy s lexia: D iffererres in p honological and orthograp hic coding . In B. B lac hrnan 

(Ed.), -itive and Lmmiistic Foundaîions of Reading Acquisition. Hillsdale, NJ: Erlbaum 

Stanovich, K. E, & West, R. F .  ( 1989). Exposure to pnint and orthographie processing. 

Readim Researc h Quarterlv, 24,40243 3. 

S t e k t z ,  H., & Galabuda A. M. (1 99 1 ). Planum temporale asyrrm~try: In-vivo 

morphomeûy affmds a new perspective for neumbehavioral research Readine and Writing: An 

Interdisci~harv Journal, 3, 33 1-343. 

Studdert-Kennedy, M., Liberman. A. M. Brady, S. A.. Fowler. A. E, Mody. M. & 

S hankweiler, D. P. ( 1994-1 995). hgthened forniant transitions ire irreleivant to tk irnprovemnt 

of speech and language irnpairments. Has kim Laborataries S tatus Report on S aeech Research, SR- 

1 19/120, 35-38. 

Studdert-Kennedy, M., & Mody. M. ( 1995). Auditory temporai perception defrits in tlr: 

reading-impaired: A critical review of the evidence. Psvchonomic Bulletin & Review, 2,508-5 14. 

Tabachnick, B. & Fidell, L. ( 1983). Usine multivariate statistics. New York: Harper & 

Row. 

Tailal P. ( 1980). Auditory temporal perception, phonics and reading disabilities in children. 

Brain and Lan-use, 9, 182498. 

TdaJ, P. ( 1984). Temporal or phonetic proœssing deficit in dyslexia? That is the question. 

Aopliel Psvcholinguistics, 3, 167-169. 

Tallai, P. (1988). Devebprnental knguage disorers: Part 1 - Ddition. Human 

Communication u, 7-22 

TallaJ, P., & Pkrcy , M. ( 1973). Developmentai aphasia- Rate of nonverbal process mg as a 

hc t ion  of sensory modahty. Neuropsvcholo~a, iJ, 389-398. 



Tailai, P., & Piercy, M. ( 1975). Developmenial aphasia: The perception of brief vowels and 

extended stop consonants. Neuroosycholotja, u, 69-74. 

TaUai, P., Sainburg, R. L, & Jemigan. T. (199 1). T k  neuropadiology of developmenal 

dys p h s  ia: Behavioral, rnorphological, and phys iological evidence for a penmsive temporal 

processing disorder. Readine and Writing: An Interdisciplinary Jomal, 3,363-377. 

Tailal, P., & Smk. R. E. ( 1982). PercepaiaVmotor pmfdes of reading impaireci ciddren w ith 

or without concomitant ord language deficits. Annals of Dvslexia, z, 163-176. 

Tanner, W. P., & S wets, J. A. ( 1954). A decision-inaiung theory of visual detecrion. 

Psvchdo~ical Review ,a, 40 1 409. 

Tarabai, R., & McLelland, J. L. (1987). Conspiracy effects in word pronunciation. Journal 

of Memrv and L a p a s  26,60863 1. 

Taylor, H. G.. Lean. D.. & Schwartz, S. ( 1989). Pseudciword repetition ability in leaming- 

disabkd childrai. A ~ ~ i i e d  Psvchoiinguis tics, 10, 203-2 1 9. 

Temp1e.C. M.., & Marshail, J. C. (1983). A case studyof developnental phmological 

dyslxia. British Joumai of Psvchobgy, 7 4 , s  17-533. 

Thompson. G. H. ( 1920). A new point of view in the interpretatim of threhold 

measwements in psychophysics. Psvcholoeical Review, 27,300-307. 

Thorpe, L. A., Tehub, S. E. MorrongiefIo, B. A.. & BuU D. ( 1988). Perceptud grouping in 

infana and preschool chiklren. Developrnental Psycholow, 24,48449 1. 

Trainor, L. I., & Trehub, S. E. ( 1993). Musical contes effects in infànts and adults: Key 

distaxe. Journal of Expehental Pychoiopv: Human Perceution and Performaice, '9 ,6 15626. 

T r e k ,  R., Mdennix. I, Bijeljac-Babic, R, & Richmond-Welty, E. D. ( 1995). The 

s pecial roie of rimes in the descripion, use, and acquisition of Englis h orthography . Journal of 

Experimental Ps~choloev: General, 124, 107-136. 



Tunmer, W. E., & Hoover, W. A. ( 1992). C o m v e  and linguis tic factors in leaming to 

read. Ln P. B. Gough. L. C. Ehn & R. Treiman (Eds.), R e a d e  acquisition (pp. 175-2 14). Hillsd* 

NJ: Erlbaum. 

Tunmer, E., & Nesdale, A. R. ( 1985). Phonemic segmaitation skill and beginning 

reading. Journal of Educdonal Psvcholoq, 27 ,4  17427. 

Tzeng, O. J. L., & Wang, W. S. Y. (1 984). Search for a common nauocognitive 

mechanism for laiguage and movements. Amerkm Journal of Phvsiolojgy, a, R9WR9 1 1 .- 

Vandervelden, M. C.. & Siegel, L. S. (1995). Phonological recodhg and phoneme 

aw areriess in eady iiteracy : A deveiopmental approac h. Readine Research Quarterly, 14, 854-875. 

Veilutino, F., & Scanion, D. ( 1987). Phonobgical coding, phondogical awareness. n d  

reading ability: Evidence from a longitudinal and experimental shtdy. Merrill-Palmer Ouarterfv, 2, 

32 1 -3a. 

Venezky. R. L. ( 1970). The smcture of English orthographv. The Hague: Mouton. 

Venezky , R. L.. & Massaro, D. W. ( 1987). Orthographie structure and spelling-sound 

regulaity in reading English words. In A. Anport, D. MacKay , W. Prinz. & E. Scheerer (Eds.). 

Lanpu~e ~erce~tion and ~roduction. London: Academic Press. Pp. 154 179. 

Wagner, R. K.. & Torgesen. J.  K. ( 1987). The nature of phonologkal processing and its 

causal role in die acquisition of reading skilis. Psvchdoeical Bulletin, B, 73-81. 

Wagner, R. K., Torgesen. 5. K., & Rashotte, C. A. (1994). Developrnment of reading- 

related phonologicai processing abilities: New evidence of bi-diiectional ausality from a latmt 

variable longitudinal snidy. Develmmental Psvchologyy 83- 103. 

Waters, G. S., & Seidenbexg, M. S. ( 1985). SpelIing-scund effecû in readhg: Tirnecourse 

and decision criteria Memorv & Cornition, 557-572. 

Wechskr, D. ( 1974). Wechskr intebence SC& for chikiren: Revised. New York: 

Psychological Caporaion. 

Wechskr, D. (1981). WAIS-R manual. New York: Psychological Corporation. 



Wechs k, D. ( 1992). Wechs kr individual achievement test New York: Psychologicd 

Corporation. 

Wiilows, D. M. (1991). Visual proasses in Learning dkabilities. In B. Y. L. Wong (Ed.), 

Learnme about kming dsabilities. San Diego, CA: Academic Press. Pp. 163- 193. 

Wdiows, D. M., Knik, R., & Corcos, E. ( 1993). Are there differences between disabled and 

normal readers in their pmcessing of visuai information? In D. M. Willow S. R. S .  Knik. & E. 

Corcos (Eds.), Visual orocesses in readine and readino disabilities. Hiüsdaie, N J: LEA. Pp. 265- 

285. 

Woif, M. ( 199 la). Naming speed and reading: The conûibution of the cognnive 

neurosciences. Readiw Research Ouarterlv, 24, 123-14 1. 

Woif, M. ( 199 1 b). The w ord-retrievai deficit hypothes k and developmentd dys lexia 

Leammg and Individual Daferences, 3,205-223. 

Wolf. M.. Bally, H.. & Mo&, R. (1986). Automûricity. retrieval processes and reading: A 

longiaidinai study in average and irnpaked readers. Child Developmea 5J, 988-1005. 

Wolf, M. & Obregon, M. ( 1992). Eady naming deficits, developmed dyslexia. and a 

specinc deficit hypothesis. Brain and Lanrniacre, 42 ,2  19-247. 

Woiff, P. H., Michel, G. F., & Ovrut, M. ( 1990a). Rate variables and aurornatized nmhg 

in dexlopmental dyslexiê Brain and Lanmage, 39,556-575. 

Wolff, P. H., MChel, G. F., & Ovni& M. (1990b). The timing of syiiable repetition in 

develqmentai dyslexia Journal of S~eech and Heming Research, 33,28 1-289. 

Wolff, P. H.. Michel, G. F., Ovnit, M., & Drake, C. (1990). Ras: and tirn.ing precisbn of 

motor coordinatbn in developmental dyslexia Developmental Pwcholoq, 26, 123-14 1. 

Woodcock, RI W. ( 1987). Woodcock Readin~ Masterv Tests - Revised. Ciricle Pines, MN: 

American G uidanœ Service. 

Yap, R L.. & van der Leij, A. ( 1994). Testing the autornatization deficit hypothesis of 

dyslexia via a dual-task padigm. Journal of Leaniine Disabilities, 27, 660465. 



Zurif, E. G.. & Carson. G. ( 1970). Dyslexia in refaOon to cerebral dominance and temporal 

analy sis. Neuropsvcholo& 8, 35 1-3 6 1. 



IMAGE NALUATION 
TEST TARGET (QA-3) 

APPLIEO 1 IMAGE. lnc 
1653 East Main Street - -. , - Rochester. NY 14609 USA 

I .-= Phone: 71 61482-0300 -- -- Fax: 71#288-5989 




