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Abstract

SPEECH PERCEPTION IN DY S L E X I C  CHILDREN

by

Shtrry Lynn Pallay

Advisor: Professor J effrey J. Roaen

There is strong evidence that at least soae fores of 

reading disability stem froa a deficit in language and in 

particular phonological processing. Poor readers have been 

shown to have short tera aeaory def i c i t s  for phonological 

inforaation, to lack a linguistic a w areness of the phonetic 

s t ructure of words, to have dif f i c u l t y  per c e i v i n g  speech in 

noise, and to have tro uble per c e i v i n g  a coustic cues for a 

place distinction. This study was und e r t a k e n  to further 

i nvestigate these Issues. In particular, the aia was to 

i nvestigate wh ether soae poor r eaders have a def i c i t  of 

phonetic and/or teaporal perception. Two related but 

d i f fering hyp o t h e s e s  were studied. One is that dyslexic 

children have a perceptual deficit that is s p e c i f i c  to 

p h onetic inforaation. The other la that these children have 

a disorder of teaporal p e r ception (i.e. a d i f ficulty 

processing brief inforaation) that is not spe c i f i c  to 

phonetic inforaation but is in fact based on a disorder of 

n onphonetic perception. Such a deficit would affect p h onetic 

pr ocessing because rapidly o c c urring inforaation is
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c h a r a c t e r i s t i c  of speech sounds. To this end, d y slexic and 

n o n a l  r eaders were compared on three spee ch and one 

nonspeech task. All required tesporal processing. One 

speech task required ide n t i f i c a t i o n  and d 1s c r i s l n a t 1on of a 

/ba/-/wa/ continuum, v arying in the first foraant transition.

A second speech task c o n s i s t e d  of a /da/-/ta/ con t i n u u e 

varying in voice onset tiee. The nonspeech task c o nsisted of 

the isolated firet foreant tra n s i t i o n  froe the /ba/-/wa/ set.

A third speech task required the perception of words which 

were c o m pressed in tlse by 30 and 60 percent. Although the 

groups did not differ in p e r f o r m a n c e  on the iden t i f i c a t i o n 

tasks, they were found to be s i g n i f i c a n t l y  less e f ficient at 

d l s c r i s 1nating the phonetic information as c o m p a r e d  to the 

normal readers. In addition, they were found to be more 

a d v ersely affected on the 60 per cent time com p r e s s e d  task 

than the normal readers. In contrast, the g r o u p s  did not 

differ in p e r f ormance on the nonspeech d i s c r i m i n a t i o n  task. 

The findings support the noti on that some d y s l e x i c  children 

have a perceptual d eficit that is s p ecific to speech.

Although ev i d e n c e  was p r esented that some d y s l e x i c  children 

are less e f ficient at d i s c r i m i n a t i n g  temporal speech cues 

there was no e v idence to support the view that poor readers 

have a deficict p r o c e s s i n g  ’'brief" temporal information in 

general. The results provide additional e v i d e n c e  that some 

poor re aders have d i f f i c u l t i e s  in the p h o n o logical domain.
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INTRODUCTION

Soma child ren learn to read easily; others have 

c o n s i d e r a b l e  difficulty. Although In sany cases the reason 

for a child's rea ding d i s ability seess rea dily apparent, 

(e.g. the result of environmental inf luences or neurological 

insult) in other cases the ca use is less well understood. 

That la, despite the fact that children say appear otherwise 

Indistinguishable on medical. Intellectual, educational and 

cultural variables they may none the leaa diff er greatly at 

becoming successful readers. The rea sons for this disparity 

are open to question. The a nswers are of Interest to 

res e a r c h e r s  who attempt to un derstand the c o g n i t i v e 

d e v e lopment and function of the brain, to e d u c a t o r s  and 

parents who look for ways to teach these ch i l d r e n  and to 

children who struggle to learn to read like their normally 

reading peers.

It is g e nerally agreed that reading d i s a b i l i t y  in a 

large majority of children arises from a dis o r d e r  of verbal 

p r o cessing (Vellutino, 1979; Stanovich, 1986). This notion 

has been widely accepted for a number of reasons. One, 

theor ies arising from this per s p e c t i v e  make intuitive sense.

Reading seems to be a pred o m i n a n t l y  linguistic skill since
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text is • • ■ • n t i a l l y  languaga in written fore. T h e refore e 

d if f i c u l t y  in learning to read would be eoet likely to eriee 

fro* e d i eorder at soae level of lin guistic proceesing.

Two, aany of the t heories which are in line with thla view 

are s u pported by good empirical evidence.

Although sany language processes are involved in 

reading, one area which has becoae p a r t i cularly deserving of 

investigation, for the study of dyslexia, is speech 

perception. There are several reasons for this. All 

language de p e n d s  upon speech perception since speech is the 

building block upon which words are Bade. A de f i c i t  at the 

level of speech p e r ception wo uld be likely to hinder 

language learning and in turn, reading acquisition. That 

is, in order to be able to decode printed sy s b o l s  the reader 

must be able to (1) establish p honetic or sound 

r e p r e s e n t a t i o n s  of those sysbols, and (2) have a 

s ophisticated a w areness of the ph o n e t i c  s t r ucture of words. 

Previous work has d e s o n s t r a t e d  that c h ildren who are poor 

readers have trouble using a ph o n e t i c  code in processing 

language and lack a soph i s t i c a t e d  a w a r e n e s s  of the phonetic 

s t r ucture of words (Mann, 1984). It wo uld sees that a 

def icit at the level of speech perception sight c o n t ribute 

to these difficu lties. That is, a perceptual d i f ficulty
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night limit the degr ee to which one could become a masterful 

user of phonological information am ia r e quired in reading 

(Liberman and Shankweiler, 1979; Tallal, 1980).

It la the purpoae of thia atudy to inveatigate whether 

aome poor reader* have a apeeeh perception deficit. Two 

related but differing views will be explored ai nce they are 

particularly relev ant to the study of speech p e r ception in 

dyslexic children. One is that these children have a 

perceptual de ficit that ia specific to phonetic information.

The other is that these children have a disorder of 

temporal perception (i.e. a d i f f iculty pro c e s s i n g  brief 

information) that is baaed on a disorder of nonv erbal 

perception. Such a deficit would affect p h o n e t i c  processing 

because rapidly occurring infor mation ia c h a r a c t e r i s t i c  of 

speech sounds.

Thia Int roductory chapter will be o r g a n i z e d  as follows: 

One, ev i d e n c e  will be presented that phonological 

p r o cessing plays a p a r t i cularly Impo rtant role in reading 

a cq u i s i t i o n  and that some reading dis o r d e r e d  ch i l d r e n  have 

phonological deficits. Two, the view that rea ding 

d i s a b i l i t y  may stem from a speech per c e p t i o n  dysf u n c t i o n  

will be discussed. A dis c u s s i o n  about the complex nature of
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speech and the r e l a t ionship bstwesn speech and print will be 

presented. In addition, s tudies of speech p e r c e p t i o n  and 

dyslexia will be reviewed. Three, research will be reported 

to support an a l t e r n a t i v e  view that reading dis a b i l i t y  aay 

ate* from a temporal deficit.

B AC K G R O U N D  OF THE STUDY 

D y s l e xia and Phonological P r o c e s sing

Although it is generally agreed that many linguistic 

p r o cesses are important for reading, there is e v idence that 

phonological processing plays a par t i c u l a r l y  s i g n ificant 

role. This notion gains support from s tudies by Fowler, 

Liberman, and Shankweiler (1977) and Fowler, Sha n k w e l l e r  and 

Liberman (1979). In these s tudies the r e s e a r c h e r s  analyzed 

the oral reading errors of b e ginning readers, r e asoning that 

oral reading patterns might offer some information about the 

way pri nted words are processed. They found that when a 

child made c o nsonant subs t i t u t i o n  errors the substituted 

c onsonant of ten shared one or two pho n e t i c  d i s t i n c t i v e  

features with the intended consonant, e.g. the children 

would tend to s u b stitute /t/ for /d/ (which shares two 

dis t i n c t i v e  features, i.e. place and manner) rath er than for
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/f/ (which does not share these f a aturaa with /d/>. It was 

r e aionad that ai nca the a r r o n  were p h o n e t i c a l l y  r elated to 

the intended con a o n a n t s  the r eaders auat have co d e d  the 

I nforaation phonetically. Further, the au t h o r s  suggested 

that the input eight be in a fora that r e s e a b l e a  a phonetic 

f eature aatrix'. Alternatively, when the chi l d r e n  Bade vowel 

errors they tended to a u b a t i t u t e  phonological seg a a n t s  that 

had soae relation to the o r t h o g r a p h i c  p attern of the 

letters, i.e. they tended to a u b a t i t u t e  sounds that were 

o r t h o g r a p h 1c a 11y possible if placed in a d i f f e r e n t  context 

(e.g. they would be aore likely to p r o nounce the segaent 

(have) as (helv than as /hrv/, p r e a u a a b l y  because the 

phoneae [ei typically c o r r e a p o n d s  to the vowel spelling 

(a-e), while the phoneae /c/ does not). The au t h o r s  noted 

that the d i f f erences in the er ror p a tterns between 

conaonants and vowels ware c o ngruent with the fact that they 

fora different phonetic cla s a e a  in speech.

Additional e v idence to support the v i e w  that reading 

invol ves phonological p r o c e s s i n g  coaes froa studies which

focus upon the c o n t r i b u t i o n  of sho r t - t e r a  aeaory to the
3reading process. For exaaple, Conrad (1984, 1972) sugg ested

that noraally dev e l o p i n g  and aature r e a d e r s  code words 

p h o n o l o g i c a 11y when they read. In one of his s tudies
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(1964), chi l d r e n  aged three to aix ye are were coapared on a

■enory taak in which they were required to recall aeta of

rhyming (R) and n o n rhyaing (NR) verbal iteaa. The R aet 

c o n tained iteaa auch aa c A t , r a t . b a t . The other aet, 

c o n sisted of iteas auch aa f i a h . s p o o n . girl . Conrad found 

that up to the age of five, chi l d r e n  r ecalled R and NR iteaa

equally well. However, chi l d r e n  older than five, like

adulta (e.g. Baddeley, 1966), recalled NR iteaa 

a 1g n 1f i c a n t 1y better than R Iteaa; that la, they aade aore 

errors when r e c alling a trlnga of iteaa that rhyaed than 

those that didn't. Conrad c o n c l u d e d  that the ol der c hildren 

auat have processed the words p h o n o l o g i c a l l y  si nce the 

phon ological c h a r a c t e r i s t i c s  (rhyaing) of the iteaa appeared 

to a d v ersely affect their perforaance. He r e asoned that if 

these children were not using a pho n e t i c  coding strategy, 

they would not have been so s e n s i t i v e  to the p h onetic 

c h a r a c t e r i a t i c a  of the words to be aeaorized. In contrast, 

the younger children were not affected by the p h onetic

of the rhyaing aet, i.e. they were

apparent 1y not using a p h o n e t 1c cod e aa e f f e c t 1v e l y .

If it ia the case that phonological processing ia of 

cardinal iaportance in learning to read, then It would 

necessarily follow that reading dis a b i l i t y  in soae children
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nay ba cauted by a def i c i e n c y  in phonological p r o ceaaing 

ability. There are a number of studies wh i c h  land support 

to thia hypothesis. In general, two ar aaa of raaaarch have 

focused upon thia iaaue: one gr o u p  of a t u d l s a  haa ahown that

beginning poor readers are d e f icient in lin guiatic awareness 

of the phonetic s t r u c t u r e  of wo r d s  (i.e. they sees to be 

leas aware of the internal phonological structure of words, 

and thus find It d i fficult to analyze a word into its 

coip onent parts); the other group of s tudies has ahown that 

poor readers tend to be inefficient at using a phonetic code 

in short-ters sesory. A discussion of aome r e p r e s e n t a t i v e  

studies will be presented below.

It has generally been found that poor readers lack an 

a w a reness of the ph o n e t i c  s t r ucture of words. For example, 

when given words to rhyae (e.g. ball, souse) poor rea ders 

have been found to be s i g n i f i c a n t l y  leas a b l e  to pro duce 

rhymes than good rea ders (Bradley and Bryant, 1978). 

Similarly they have been shown to be less aware of the 

sounds in words, e.g. that /kaet/ and /kau/ start with the 

same phoneme or that /kaet/ ends with /aet/ (Fox & Routh, 

1975; Gollnkoff, 1978; Rosner C. Simon, 1971; Savin, 1972). 

Likewise Savin (1972) d e m o n s t r a t e d  that poor r eaders have 

gr eater difficulty learning phonological word games, e.g.
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Pig Latin. In addition, it has baan ahown that taaka 

r e q uiring tha M a n i p u l a t i o n  of a y l l a b l e a  or ph o n a a a s  in a 

word can predict future reading abi lity (Nann and Libaraan, 

1902). (Thia laet atudy will be d i a c u a a a d  in greater detail

b e 1o w .)

In addition to inferior a e t a l i n g u i a t i c  skills, atudlea 

of reading ability and aho r t - t a r a  aaaory have indicated that 

poor readers are leaa e f f icient at using a phonetic code in 

pro c e a e i n g  language. For exaaple, Sha n k w e l l a r  and Libaraan 

<1976) and Shankwellar, Libaraan, Hark, Fowler and Fischer 

(1979) ex t e n d e d  Conrad's (1964) s tudies (noted above) to 

groups of good and poor readers. These au t h o r s  proposed 

that children with reading d i s a b i l i t i e s  aay have a pro blea 

using a phonetic aeaory strategy (i.e. co d i n g  incoaing 

inforaation phonetically). In their study second grade good 

and poor readers were given a task in which they were 

required to recall strings of c o n s o n a n t s  wh o s e  naaes rhyaed 

(eg. B V T C P ) and strings of c o n s o n a n t s  wh o s e  naaes did not 

rhyae ''e.g. XWQRH). They found thst the good r e a d e r s  were 

neg a t i v e l y  affected by rh yae (phonetic c o n f u a a b l l i t y ) . That 

is, while they performed better than tha poor r eaders on the 

n o n rhyaing lists their p a r f o r a a n c a  on the r h y a i n g  sets 

declined to about that of the poor readers. It was
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s u ggested that the poor readers made less e f f e c t i v e  use of 

phonetic r e p r e s e n t a t i o n  si n c e  they did not profit fros a 

r e d u c t i o n  in p h onetic c o n f u s a b l 1 i t y . This p attern was seen 

whether the stimuli were p r e sented visually or auditorilly 

(Shankwellar, Liberman, Hark, Fowlar and Fischer, 1979). 

Sub s e q u e n t  work by other inve s t i g a t o r s  s u pported the view 

that poor readers perform poorly on tasks which required 

recall of other linguistic information. For example, Hann, 

Liberman and Shankweller (1980) found that poor readers had 

short-term memory def i c i t s  for word strings and for 

sentences. In their study the s u b j e c t s  were again second  

graders with good and poor reading skills. Thia time they 

were asked to recall p h o n etically c o n f u s a b l e  and 

n o n c o n f u s a b l e  word strings (e.g. sing, ring, sting, king, 

wing v.s. slip, time, thought, pill, top) and also 

phonetically c o n f u s a b l e  and n o n c o n f u s a b l e  s e n t e n c e s  (e.g. 

"Kate ate a steak and a plate of d a t e  cake that Jak e baked."  

vs. "Sam drank a coke and a gl a s s  of fr uit punch that Joan 

made."). The same pattern of re s u l t s  was d e m o n s t r a t e d  with 

both types of stimuli. The poor re a d e r s  app e a r e d  to be 

r el a t i v e l y  insensitive to rhyme, and thus to the p honetic 

c h a r a c t e r i s t l c s  of the stimuli.

Hann and Liberman (1982) investigated both linguistic
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aw a rsntta and p honetic coding in eeaory In poor readers.

They found that reading au c c e a a  in fi rst g r a d *  co uld ba 

p r a dlctad by a child's p e r f o r a a n c e  in k i n d e r g a r t e n  on a taak 

requiring phonological a w a r a n e a a  (i.e. a ayllabla 

aa g a a ntation task in which tha child was required to count 

sy l lables in a word by tapping) and on a verbal ehort-tera 

aeao ry task (where tha child had to racall phonetically 

c on f u s a b l e  and n o n c o n f u s a b l e  word strings). Tha children 

who becane good r eaders in first gr a d e  (as saa s u r a d  by 

teacher ratings and s ubtasta of tha Woo d c o c k  Mastery Test) 

tend ed to be sore "pho n e t i c a l l y  aware" (capable of 

s e g m e n t a t i o n ), to perform batter on the n o n r h y m i n g  word 

s t r i n g s  (than on the rhyming strings), and to be more 

penalized by p h o n e tically c o n f u s a b l e  wo r d s  in both 

ki n d e rgarten and first grade. In contrast, p e r f o r m a n c e  on a 

no n p honetic s h o r t-term memory taak (i.e. on Coral blocks 

sequences; Coral, 1972) did not c o r r e l a t e  with first grade 

reading skill. Tha aut h o r s  s u g g e s t e d  that si nce phonetic 

coding was not required on the Coral taak, the poor rea ders 

were not deficient. That is, their n o n 1l n g u 1s t ic memory 

c a p a b i l i t i e s  eq u a l e d  that of the good readers. These 

findings were con a i s t e n t  with those of Liberman, Hann, 

S h a n kwellar and W e r f e l m a n  (1962) who found that good and 

poor r eaders did not differ on tasks r e q u i r i n g  short-term
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Keaory for facts or nonssncs dt s i g n s  (aee also Katz,

Sha n k w w i l « r  and Libermmn, 1981).

Tha raaaon why poor raadara hava d i f f i c u l t y  with tha 

phonological c o s p o n c n t a  of wo r d a  la opan to quaation. 

Sha n k w a l l e r  at. a l . (1979) a uggaat that tha d a f i c l t a  of poor

r aadara might atam, at laaat In part, from a dlaordar in 

pho n e t i c  perception. They rea a o n a d  that if a apaach aignal 

was not ade q u a t e l y  perceived, one would be Inefficient at 

r e p r aaanting and r e t aining tha phonetic information. They 

noted that a speech per c e p t i o n  deficit would n a c a a a a r l l y  be 

aubtle, and only appe ar with d e m anding tachniquaa, aince 

reading p r oblema are often p raaant in ch i l d r e n  who hava no 

o b v l o u a  apeech per c e p t i o n  d 1f f i c u 1t l e a . In p a r t i c u l a r  it 

waa auggested that a y n thatic speech soun da auch aa thoae 

uaed with adul ts be uaed to inve a t i g a t a  thla iaaue. Tha 

a d vantage of uaing taaka of thia aort la that one haa 

preciae control of atimull aince a mingle aco u a t l c  cue can 

be varied. Further, l i n guiatic r e d undancy and contextual 

cuaa can be v i r tually e l i m i n a t e d  ao that tha taak la 

d e manding and at 1 m u 1u s - s p e c i f i c . To further dlacuaa thaaa 

laauaa, it will be n e ceaaary to dig r a a a  a bit to conalder 

tha natura of apeech and lta r e l a t i o n s h i p  to reading.
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Speech Percsptie/i

Ra« * a r c h « r t  investigating tha p r o p e r t i e s  of spee ch have 

been e x t remely successful at Isolating sany of the acoustic 

cues which provide the basis for segsental (consonant and 

vowel) perception. Experimental work, b e ginning in the 

1950'e, commonly used s y n t h e t 1c a 1 ly san l p u l a b l e  

s p e c t r o g r a p h l c  d i splays to analyze the sounds of speech. 

P ro c e d u r e s  were d e v eloped whereby one would synthesize an 

appr o x l a s t i o n  of a speech sound, asks specific c hanges in 

portions of the acouatic signal and then o b s e r v e  the effect 

of the change on the identification of the sound. In this 

way aany acoustic cues wer e i d e ntified which appeared to 

c o n t r i b u t e  critical inforaation for the i d e n t i fication end 

d i a c r 1 a 1nation of speech sounds. Three instances of cues 

that were d i s covered by using these tec h n i q u e s  are shown in 

Figures 1, 2, 3. In all of the patterns, tiae is shown

along the ordinate and frequency along the abscissa. In the 

first case the perception of the so und varies froa /da/ to 

/ts/ with a change in the timing of the onset of the first 

formant rel a t i v e  to the second formant. Whe n the FI occurs 

before or slightly after the on set of F2 /da/ is heard; 

alter natively, when FI on s e t  occurs after the onset of F2 

/ta/ is perceived. The aco u s t i c  cue, therefore, is temporal
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in nature (Llbarian, Delattre and C o o p e r , 1958). In tha

second case (Figure 2) the perception of the sound varies 

fros /ba/ to /wa/ as the d u ration of the initial foraant 

tra n s i t i o n s  increase. L i steners c l a s sically c a t e g o r i z e  the 

signal as /ba/ if the d u ration of the f r equency c h a n g e  in 

the FI t r a n s i t i o n  la less than 40 si 111s e c o n d s . When the 

d ur a t i o n  of the frequency change la extended to 

app r o x i s a t e l y  40 to 50 M i l l i s e c o n d s  the syl l a b l e  is 

p e r ceived aa /wa/. Again the cue is tesporal in nature 

(Libersan, Delattre, Ger a t s a n  and Cooper, 1958; Hiller and 

U b e r a a n ,  1979). In the last case (Figure 3), the 

perception varies from /ba/ to /da/ to /ga/ d e p e n d i n g  upon 

the d i rection of the F2 transition. If the F2 transition 

rises /ba/ is perceived; if the t r a nsition resains 

rel a t i v e l y  flat /da/ is perceived; if the t r a n s i t i o n  falls 

/ga/ is perceived. In this case the cue is nontesporal in

nature, i.e. d i rection of F2 transition.

Speech is Cosplex & The Alphabet is an A b s t r a c t i o n  Fros It

If it is the case that reading depends Merely upon

adequate speech perception, then why shou ld it be 

potentially d i fficult to acquire? This will be e l a borated 

upon below but in gen eral the reasoning is that (1), there
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art a number of dif f e r e n t  c h a r a c t e r l e t i c e  of apeech that

make It c omplex and p o t e ntially d i f ficult t o  p roceaa and

(2), reading a c q u ialtion not only dependa on thla knowledge

but r a q u l r e a  an ad ditional t r a n a f o r m a t 1on that la not

straightforward. Two reaaona are flrat p r eaented aa to why 

apeech la recognized aa complex.

1) Speech la not a aimpla cipher, aa ia a p honetic 

alphabet wh ere one ao und ia rep r e a e n t e d  by a aingle letter, 

but la inatead a code (Llberman, Cooper, Sha n k w e l l e r  and 

S t u d d e r t - K e n n e d y , 1967). Each aeg ment of the ac o u a t i c

aignal cannot aimply be converted to a c o r r e a p o n d i n g  apeech 

aound in a one-to-one faahion. Rather, llatenera muat 

a omehow r e s t ructure the Information which the aco u s t i c  

aignal com p r i a e a  in order to r e p resent it phonetically. One

reason for this ia that phonetic seg m e n t s  are often tied 

together a c o u stically in the syllable, i.e. they are not 

d i screte like alp h a b e t i c  characters. Essentially, listeners 

must e xploit the di v e r s e  a c o u a t i c  p r o p e r t i e s  which are 

s c a ttered across the a coustic aignal in order to form it 

into a p h onetic percept. The f o l lowing e x a m p l e  d i s c u s s e d  by 

Llberman, Mattingly and Turvey (1972) (see Figure 4) should 

make this point clear. The labial a r t i c u l a t i o n  /b/, which 

is the first phonetic seg ment in the spoken u t terance
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/baeg/, la r a p r atantad In the a c o u s t i c  signal by tha Initial 

two-thlrda of the second formant. It sp a n s  tha first and 

middle sections of the s p e c t r o g r a p h i c  d isplay of the 

acoustic aignal. That this is so can be shown by the fact 

that If the u t terance is c hanged from /baeg/ to /gaeg/ there 

is a c o r r e s p o n d i n g  change In the display et the first two 

thirds of the second formant. Tha same holds true for the 

final c o nsonant /g/, at the second two th i r d s  of the second 

formant. Similarly, tha vowel /aa/ la rapresantad  

throughout the second formant which extends across the 

entire utterance. Agal n, if the vowel is c hanged from /ae/ 

to /l/ the enti re formant la altered. Thus p honetic 

information about each segment is smeared across the entire 

syllable and much of the Information about the adjac ent 

ae g m e n t e  c o ntained in the aignal la presented to the 

listener a i m u 1t a n e o u a 1y .

2) Speech segments do not occur In s p e c i f i c  unvarying  

forms. Tha acoustic a t ructure of a apeech sound can vary 

depending on the person who is p r oducing it or the con text 

it is produced in. Rate of a r t i c u l a t i o n  can also influence  

the acoustic shape. The perceptual reality of some of this 

was d e m o n s t r a t e d  in a simp le e x p e r i m e n t  <«e d e s c r i b e d  in 

Denes and Pinson, 1963). A group of adults waa presented
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with a word which wai placed in dlffarant lingulatlc 

contexts. The listeners identified the word as "bit",

"bet", or “bat" d e p ending upon the context. So although the 

acoustic structure of the p r esented word did not change, the 

listener's per c e p t i o n s  did. Thus, one can see that the 

signal ia highly and c o splexly encoded; there is no strict 

one - t o - o n e  c o r r e s p o n d e n c e  bet ween the aco u s t i c  and phonetic 

r epresentation of the linguistic sessage and the shape of 

the phonetic segment is highly influenced by its context.

It seems that linguistic information is r e p r esented at two 

levels of pr ocessing in different forms and the task of the 

listener or speaker ia to p roduce the complex match. In 

order to perceive the acoustic signal in a linguistically 

relevant way, some type of recoding must tak e place. 

(Liberman, 1970; Liberman, M a t tingly and Turvey, 1972).

Although an alp h a b e t i c  ort h o g r a p h y  r e p r e s e n t s  speech, 

it is actually an abs t r a c t i o n  from speech and the 

r e l a t i o n s h i p  can be d i fficult for the ch ild to interpret 

(Liberman, 1982). Some of this co m e s  from the fact, as 

noted in this chapter, that pho n e m e s  are not represented as 

discrete segments in the aco u a t i c  stream, as they are in the 

alphabet. For example, a l though the word "cat" is 

represented in one seg ment in the a c oustic aignal, the
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beginning reader must learn to divide it into three phonetic 

segments (i.e. cuh , a , tuh ( 1 k r,</ 1 + | _ c .  e I *  J  t̂ ' i ' j  ) > .  However the 

procese b ecomes even more c o m p l i c a t e d  in that the segments 

have to then be recombined. If the child merely reads

letter by letter e/he might attempt to con nect cuh, a, tuh
f ' i —  r  l  l .  '  fk ^  ♦ j3e * t ) and read cuhatuh ( ^k c- aat 9 w ) . The child

must come to realize that the three segments m u e t , in a

different way, be recombined. Thua, in practice, the

b e ginning reader must be able to both isolate and chunk the

relev ant information. This ia a skill that la above and

beyond that required by the listener. Tor example, the

co mpetent listener can hear the d i f f e r e n c e  bet ween the words

"cat" and "hat" yet be completely unaware that they are each

com p o s e d  of three phonemic segments. Further, the listener

does not have to become con s c i o u s l y  aw are that the initial

phonemes differ. However, the beginning reader muat be

explicitly aware of these facta, especially during the

decoding stages of reading. This skill r equires linguistic

awareness, and aa noted previously, poor readers appear to

lack such aw a r e n e s s  (Mann, 1984).

In order to become a soph i s t i c a t e d  user of phonological 

Information and make the link between apeech and written 

language it would seem necessary to be keenly aw are of
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speech sounds. In particular. It la auggaatftd that a child 

should have p e rceived speech well and have atored the sounds 

a/he perceived in reliable form. Using this store, the 

beginning reader could then link what s/he sees with what 

s/he knows. If the child has dif f i c u l t y  In the perception 

of these sounds then it would sees to follow that problems 

would arise in reading.

Phonetic versus Auditory Processing

The notion that re ading dis a b i l i t y  is a language 

related disorder. I.e. specific to speech, coses fros 

s tudies c o mparing rea ders on verbal versus nonverbal tasks 

aa noted above. The dist i n c t i o n  made between language and 

other auditory information coses fros a cos p a r i a o n  of 

p s y c h o p h y s i c a 1 and pho n e t i c  studies of speech perception. 

Sane of this literature will be rev i e w e d  here.

It has often been s u ggested that speech per ception 

requires a special node of pro c e s s i n g  wh ich is distinctly  

di fferent from that which is required for a u ditory  

processing. Res e a r c h e r s  in support of this view generally 

partition soun ds into those wh ich are linguistic and those 

which are not. The psychological reality of this
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di s t inction can be seen to some extent in the following  

example. Although the enc o d e d  so u n d s  of s p e e c h  ere 

transmitted in an acoustic form they are not perceived as 

auditory stimuli. That is, one does not hear, for example, 

the frequency changes in the fo reant t r a nsition of the stop 

consonant. Instead a linguistic ev ent ia heard. If 

however, the foreant transition is isolated, it ia heard aa 

a chirp or g l i a a a n d o  and the li nguistic event mysteriously 

disappears. Thus two percepts are derived from the same 

a c ouatic aignal (Liberman, Mattingly and Turvey, 1972). 

Additional evidence for the reality of the p h o n e t i c - a u d i t o r y 

d i s t i n c t i o n  is given by studies d e m o n s t r a t i n g  the phe n o m e n o n  

of categorical p e r ception (S t u d d e r t - K e n n e d y , Liberman,

Harris and Cooper, 1970). It has been c o n s i s t e n t l y  shown 

that listeners tend to perceive e ncoded speech sounds aa 

"categorical linguistic events". They tend to disc r i m i n a t e  

consonant sounds that are perceived as belonging to 

different li nguistic cat e g o r i e s  and they do not cl early 

d i s c r i m i n a t e  sounds belonging to the same linguistic 

category, even though the physical d i f f e r e n c e s  between the 

m embers of the two seta of c o n s o n a n t s  are the same. This 

type of r e s p onding ia q u a l i t a t i v e l y  d i f f e r e n t  from they way 

n onapeech sounds are perceived. In nonspeech, many more 

stimuli can be d i s c r i m i n a t e d  than can be labeled and the
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ability to d i s c r i m i n a t e  ia not usu ally d e pendent on
5categorical identification.

Speech Perception and D y s le x ia

As noted above there is c o n s i d e r a b l e  e v i d e n c e  that some 

poor readers have dif f i c u l t y  with the phonetic aspects of 

language. Why this is so remains to be determined. It ia 

conc e i v a b l e  that the problem lies in the perception of 

speech (i.e. the aco u a t i c  cues) as noted above. Clearly the 

problem must be subtle since reading disordered c h ildren 

often do not evi d e n c e  obvious oral language difficulties.

In support of the theory that poor readers have some 

de ficit at the level of apeech perception, Brady,

Shankweller and Mann <19fl3) found that while good and poor 

readers performed similarly on a spee ch per c e p t i o n  teat in 

quiet, they performed differently when noise was added.

That ia, poor rea ders p e rformed s i g n i f i c a n t l y  worse than 

their better reading peers when speech was placed in noise. 

Thus, when their perceptual c a p a b i l i t i e s  were streaaed (the 

speech signal waa degraded) they had problems. Apparently 

their speech per c e p t i o n  skills were less e f f i c i e n t  then 

those of good readers. Further, the dif f i c u l t y  could not be
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attributed to gr o u p  d i f f erences in vocabulary level: words 

of both high and low f r e quency of o c c u r e n c e  were uaed, and 

the effect of thia variable waa c o m p a r a b l e  for both reading 

groups. In addition, the a uthors s u ggested that the 

perceptual deficit was specific to speech aince the groups 

did not differ on an "environmental sou n d s "  p e r ception teat.

In a more recent study, Brady, Poggie, and Merlo (1985) 

found that poor readers als o have dif f i c u l t y  perceiving 

speech presented without noise if the stimuli are 

p h o n e tically demanding. Good and poor readers were c o mpared  

on repetition tasks which varied in difficulty: 

monosyl labic, multisyllabic, and p s e u doword stimuli were 

employed. While the groups were found to perform c o m parably  

on the m o n o s yllable words, the poor readers pex'formed 

a 1g n 1ficant 1y worse than tha normal readers on the 

mult i s y l l a b l e  and pseudoword stimuli.

One way to study perceptual processing in good and poor 

readers is to look at cat e g o r i c a l  perception. Th ere have 

only been a few s tudies which have a t t empted to do this. 

These s tudies have uaed Iden t i f i c a t i o n  and d i s c r i m i n a t i o n  

apeech tasks to investigate the r e l a t i o n s h i p  between 

dy slexia and speech p e r c e p t i o n  and their r e s u l t s  are 

conflicting (Brandt and Rosen, 1980; Godfrey, S y r d a l - L a s k y ,
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Millay and Knox, 19811. Bran dt and Rosen (1980) compared 

the p e r f o r m a n c e  of 12 d y s l e x i c  and 4  normal reading 

controla, agea 8-12, on CV a y l l a b l e  I d e n t i f i c a t i o n  and 

dl a c r l i l n a t i o n  tasks, One aeriea vari ed from /da/ to /ga/ 

in eight etepa by equal i n creaaea of the a t arting frequency 

of the third formant. The other ae r i e a  varied from /ba/ to 

/da/ by c hanges In the atarting f r e q u e n c i e a  of the second 

and third formanta. The inveatigatora did not find 

sig n i f i c a n t  d i f f e r e n c e s  between the dys l e x i c  and normal 

reading groups on either of the apee ch p e r ception taaka. 

However, Godfrey, S y r d a 1 - L a s k e y , Millay and Knox (1981) 

su ggested that the statistical ana l y s e s  were incomplete in 

the Brandt and Rosen study and that a perceptual d i f f erence 

In p e r f o r m a n c e  b etween the groups seemed likely from an 

inspection of their published data. They no ted for example, 

that in the Brandt and Rosen study the d i s c r i m i n a t i o n  peaks 

of the dys l e x i c  subjects were lower than those of the normal 

subjects. However, the only statistical c o m p a r i s o n  that 

Brandt and Rosen made on the d i s c r i m i n a t i o n  teat was correct 

"same" d i s c r i m i n a t i o n  response. The only gr o u p  comparison 

that they made on the i d e n t i f i c a t i o n  tasks was that of 

pho neme boundaries. Using the same ty pea of stimuli as that 

uaed in the Brandt and Roaen atudy G o d f r e y  e t . al. compared 

the per f o r m a n c e  of 17 d y s l e x i c  chi l d r e n  and 17 normal reader
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controls, ages 7-15. Reading level was assessed with the 

Boder Teat of R e a d l n g - S p a 1 1 ing P a t t e r n s  (1973) end the 

dyslexic children were c l a s s i f i e d  into d y a p h o n e t i c  and 

dys e i d e t i c  groups by B o d e r 'a s e t h o d a . ( B o d e r 'a teat is 

designed to d i f f e r e n t i a t e  ssong children whose errors on 

reading end spelling tests can be ascribed to aud i t o r y  and 

phonetic con f u s i o n s  (dyaphonetic), visual and spatial 

con f u s i o n s  (dyseidetic) or both (slxed

d y s p h o n e t i c -d y s e i d e t 1c ). G odfrey at. al. found that the 

dyslexic group differed fros the norwel rea ding group on 

every speech p e r ception task: 1) they were not as c o n sistent

in their c l a s a i f 1cat ion of the stiaull; 2> they did not 

d i s c r i s i n a t e  as well between stisuli fros d i f f e r e n t  phonetic 

categories. However, no d i f f e r e n c e s  were found between the 

dy a p honetic (N=ll) and d y s e i d e t i c  (N*6> groups. (Apparently 

none of their subjects fit the c r iteria for the sixed 

group). The authors also found that the d y s l e x i c  c hildren  

were better able to perfors with the /ba-da/ aa opposed to 

the /da-ga/ stisuli. The a u t h o r s  suggested that the extra  

cue (two forsant changes rather than one) in the /be/-/da/ 

aeries sade the perceptual d i f f e r e n c e s  easier to detect. 

Finally, the groups did not diff er on an e n v i r o nsental 

sounds task which s u p ported the con c l u s i o n  that the deficit 

in the d y slexic group was s p e c i f i c a l l y  p h o n e t i c  in nature.



24

Godfrey e t . a l . noted that the shapes of their functions and 

the d i f f e r e n c e s  between the groups app e a r e d  aiallar to those 

reported by Brandt and R o s e n .

G odfrey e t . al.'i findings, in light of the research 

rep o r t e d  in Chapter I (i.e. that some poor r eaders hava 

phonological pro c e s s i n g  diffic ulties) is par t i c u l a r l y 

interesting. Further, their arguaent against the Brandt and 

Rosen study se ess reasonable. However, additional 

i nvestigation is required to reaolve the issue of whether 

dyslexic chi l d r e n  do in fact have trouble with categorical 

per c e p t i o n  of apeech.
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X*JLP9r<ai p r o c a a a i n g  and Dyalaxl a

Fro* tha abova work, it aa aaa raa a o n a b l a  to pro poaa 

that a reading d l a o r d e r  aay ba ra l a t a d  to aoaa dyafunction  

in apaach perception, i.e. in tha ability to parcelva  

relevant aco u a t i c  cuaa wh ich ara aab a d d a d  In a apaach 

aignal. Tallal and her c o l l e a g u e a  <1973, 1974, 1975, 197&,

lSftOa, 1980b, 1981, 1983) propoaa an altarnata, although

related, view. They have publlahed a aeri ea of reaearch 

atudiea e x a a i n i n g  daf i c l t a  firat in language diaordered, and 

then reading d i a o r d e r e d  subjects. Aa in tha l i t erature  

r eported abova, they auggeat that rea ding dla a b i l i t y  can be 

aean to covary with daf i c l t a  of apaach perception. However, 

they theorize that the dya f u n c t l o n  ia ape c i f i c a l l y  taaporal 

in nature. In pa rticular they auggeat that there axiata a 

subgroup of d y e l a x i c a  who ara unable to procaaa "brief or 

rapidly cha n g i n g  teiporal e v e n t s . " Th e s e  c h ildren appear to 

have dif f i c u l t y  analyzing aud i t o r y  inforaation at a noraal 

rate and ara thus c o n s t r a i n e d  by tha speed of their auditory 

procaaaing. Fur ther they suggest that tha def i c i t  ia 

perceptual in nature rath er than purely linguistic.

However, tha d eficit ia evident in l i n g uistic p r o caaaing 

because rapidly ch a n g i n g  events are c h a r a c t e r i s t i c  of aany 

of the a egaenta in apeech sounds, e.g. the foraant
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t r a n s i t i o n *  ass o c i a t s d  with stop consonants. In addition* 

they auggeat that this perceptual d y s f u n c t i o n  in 

d i s c r i m i n a t i o n  c o n t r i b u t e *  to the de f i c i t a  aeen at higher 

levels of processing, s.g., s e q u encing and ssiory. Central 

to this thesis are studies of nonverbal perception. A 

d i g r e s s i o n  des c r i b i n g  this work should hel p to elucidate 

this point of view.

Nui t r o u s  i n v e a t igators he 

temporal processing in aph asic 

children. Aa early as 1937 Or 

and language problems of child 

dif f i c u l t y  in auditory tempora 

sounds in their proper order. 

Efron <19631, Lowe and Campbel 

children (diagnosed on the baa 

language evaluations) were imp 

dev e l o p i n g  children on a tempo 

the nor m a l l y  dev e l o p i n g  group 

m i l l i s e c o n d s  between two tones 

the d y s p h a s i c  children needed 

Similar findings had been obee 

aphasics (noted aa havi ng left 

required more time than normal

ve stressed the im portance of 

end reading dis o r d e r e d  

ton suggested that the speech 

ren ste mmed in part from a 

1 sequencing, i.e. recalling 

Using a paradigm dev e l o p e d  by 

1 (1963) found that dys p h a s i c

is of p s y c h o m e t r i c  and 

aired aa compared to normal 

ral processing task. Whereas 

needed an interval of IS to 80 

to indicate wh i c h  came first, 

55 to 700 milliseconds, 

rved with adults, e.g. 

he m iphere lesions) generally 

con t r o l s  to make judgement®
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about tha ordar of sound* (Efron, 1963). Zu rlf and Carson 

(1970) ax t a n d a d  thl a typa of work to poor and noraal 

raadara. Tha poor raadara wara appr o x i m a t e l y  ona grada 

bahind and tha noraal raadara wara at grada laval on tha 

Gataa Raa dlng Taat. They found that tha poor raadara had 

d i f f i c u l t y  with temporal information, i.e. thaaa children 

wara infarior to noraal r aadara at judging whether two 

quickly tapped rhythmic p a t t e r n s  (of lncraaalng length) and 

alao two aeriea of light flaahea (with an incraaaing number  

of baata) ware tha mama or different. Similarly, Co r k i n  

(1974) found that poor readera (aelacted on the ba aia of 

teacher ratinga) had aerial ordering daficlta. When 

co mpared to average raadara, thaaa ch i l d r e n  p e r formed lama 

well at correctly r e calling the aerial p o a i t i o n  of viaual 

(ordar of cubea tapped) or auditory (atringa of digita) 

stisuli after a abort delay.

Tallal end her c o l l e a g u e a  (1973, 1974, 1975, 1976,

1980a, 1960b, 1981, 1983) uaed a nonverbal o p e r a n t

c o n d i t i o n i n g  paradigm to inveatigate dyaphaaic, and later 

reading diaordered, chi l d r e n ' a  a b i l i t l e a  to identify 

(detect), d 1s c r 1m i n a t e / a a a o c i a t e , aequence, and recall 

aounda. In the initial atudiea the aounda uaed aa atiauli 

were complex tonea compoaad of freq u e n c i e a  within the apeech



28

rang* (1973, 1960) , They war * g a n a r a t a d  at thraa f o n a n t

f r e q u e n c i e s  and di f f e r e d  only In thalr fundanantal 

f r a q u a n c y . In what Tallal raf a r r a d  to aa tha d a t actlon taat 

the child waa trained to praaa ona penal In raa p o n a a  to one 

tone and anothar panal in raa p o n a a  to a d l f farant tona.

Then in what waa r a farrad to aa the aaa o c i a t i o n  taat, the 

tonea were p r esented in randoa ordar and tha child waa 

instructed to pr ess the a p p r o p r i a t e  c o r r e s p o n d i n g  button.

In the seq u e n c i n g  task tha child waa praaantad with tha 

tones in poire and waa required to r e p r o d u c e  tha order of 

the tonea by pressing two c o r r e s p o n d i n g  buttons. In a set 

of taaka wh ich did not r equire a s e q uential aotor response, 

and wh ich waa referred to aa the 5ame D i fferent Method, the 

child waa again p r e sented with the tones in pairs. This 

tiae the child indicated Cby again p ressing buttons) whether 

the two tonea were the aaaa or dif ferent. (The recall tasks 

will not be d i s c u s s e d  hare.) On aoaa of tha trials on the 

paired tasks the i n t e r a t i a u 1ua interval (ISI) between the 

tones was held con s t a n t  at 428 a i 1 1 i s e c o n d s . In other 

trials the ISI waa varied and placed at either 8, 15, 30,

60, 150, or 305 a i 11 i s e c o n d s . By varying the ISI'a and also

the du r a t i o n  of each tone (using either 75, 125, 175, or 250

a l l l iaecond iteaa), the aut h o r s  thus varied tha rate at 

which the children were required to p r o c e s s  the lnforaatlon.
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In their Initial study Tallal and Piercy (1973) cospared 

the p e r f o r m a n c e  of noraal d e v e l o p i n g  and d y e p h a a l c  ch i l d r e n  

on theae tasks. The d y e p h a a l c  group waa dia g n o s e d  on the 

basis of a variety of e x p r e s s i v e  and r e c eptive language 

tests. (Of note is that it is not clear whether these 

s ubjects were cli n i c a l l y  d i f f e r e n t  fros Lowe and C a m pbell's 

(1965) group.) Both groups had normal nonverbal 

Intelligence as measured by the Ravens Pro g r e s s i v e  Matrices 

Test. In each study the d y s p h a s i c  c h ildren were 

sig n i f i c a n t l y  Impaired, in com p a r i s o n  to the normal group, 

on the tasks Involving rapid perceptual processing.

Further, it was found that poor p e r f o r m a n c e  by the d y s phasic 

group on the paired tests, was dir e c t l y  rel ated to the rate 

of p r e s e n t a t i o n  of the two items. That is, the c h ildren in 

the experimental group were incapable of pro c e s s i n g  two 

brief to nes (75 m i l l i s e c o n d s  in dur a t i o n  or less) or tones 

seperated by short ISI's (150 m i l l i s e c o n d s  or less). When 

the rate was reduced, either by increasing the d uration of 

the tones or the ISI bet ween the tones their p e r f o r m a n c e  

improved. For example, if the tones were 175 m i l l i s e c o n d s  

in duration then the children needed an ISI greater than 15 

m i l l i s e c o n d s  to process the information. This waa the case 

w hether s e q u e n c i n g  was required or not. Thus it appeared 

that the dya p h a a i c a  were unable to per c e i v e  the auditory
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information at a normal rata, and it waa a u g gaatad that tiaa 

waa tha critical factor. Furthar, Tallal r a a a o n a d  that if 

tha e x p e rimental ch i l d r e n  could not ade q u a t e l y  p erceive tha 

items, then they c e r t a i n l y  could not perform higher level 

op e r a t i o n a  on them, e.g. a e quenca them. T h e r e f o r e  they 

au ggeated that a d e f i c i t  In a e q u enclng waa seco nd a r y to a 

deficit in per c e p t i o n  of the information.

Tallal and Piercy (1974, 1975) than ext e n d e d  their

research to include verbal atimuli (atop c o n s o n a n t  syllables 

and vowela). They h y p o t h e s i z e d  that if th e s e  c h i l d r e n  did 

in fact hava a temporal deficit then it might show up on 

tasks wh ich required the procaaaing of verbal information  

since some s e gments in spee ch occur rapidly in time, e.g. 

the brief (approximately 50 m 1 1 1 i s e c o n d s > formant transition 

which ia the critical cue for the p e r c e p t i o n  of the atop 

consonant. They uaed the asms p r o c e d u r e s  and app a r e n t l y  the 

same subjects aa in their prior (1973) study. Consistent 

wit h their notions th eae stu d i e s  rev e a l e d  that the dys p h a s i c  

c h i l d r e n  had d i f f i c u l t y  pro c e s s i n g  (i.e. d i s c r i m i n a t i n g  and 

aequenclng) c o n a o n a nt-vowel s y l l a b l e s  <C-V> with formant 

t r a n s i t i o n s  of 43 m i l l i s e c o n d s  but had no pr o b l e m  when tha 

tr a n sitiona were e x t e n d e d  to 95 m i l l i s e c o n d s  or longer. Tha 

same held true for brief steady state vowels and stimuli
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which comprised an initial vowal ~>i 43 K l l l l t a c o n d a  (ataady 

atate) c o nnected to a d i f ferent vowel (steady state) of 207 

m i 1 1 i e e c o n d a . Thua, these fin d i n g s  were consistent with 

their early studies using to nea (described above) and with 

their s u g g estion that the d eficit was in a u ditory temporal 

percepti o n .

Using the same basic p r o cedures with tones desc ribed 

above, Tallal fl980a, 19flOb) Investigated these temporal

processing issues with reading disordered groups. Tallal 

hypothesized that a deficit in auditory per c e p t i o n  would 

affect a c h i l d ' s  ability to acquire phonic skills in 

reading. In this study, the poor readers were re ading at 

least one year below gr ade placement and the normal rea ders 

were reading at or above grade as measured by the 

Me t r o politan Reading test. All the children were of average 

to above a verage intelligence as measured by the Wecheler 

Inte lligence Scale for C h 11d r e n -R e v i s e d . In addition to the 

tone tests, the reading disabled c h ildren were given the 

Nonsense Word Pro d u c t i o n  s ubtest of the Kennedy Institute 

Phonics Test in order to assess their ability to use phonics 

rules in reading. C o n s i s t e n t  with her hypot hesis, Tallal 

found that some of the d y slexic children had de f i c i t s  on the 

auditory perceptual tasks. She foound that, when the ISI
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bet ween the tones wee reduced, 45 percent of the reading 

disordered gr oup p e rformed poorly. Thla was the caae for 

both the d i s c r i m i n a t i o n  (when temporal order waa not 

required) and sequencing (when temporal order waa required) 

tasks. She c o ncluded that some poor readers have a 

dif f i c u l t y  wit h temporal perception. In addition, Tallal 

found that the reading disordered group's per f o r m a n c e  on the 

tone teats c o r r e l a t e d  with their ability to decode nonsense 

words. Tallal concluded that some reading diaordered 

chi l d r e n  have temporal processing def i c i t s  which affect 

their ability to learn phonics and to read.

There have only been a few studies in which the au thors 

have attempted to replicate the results of T a l l a l ' a  e t . 

al.'s work on language impaired p o p u l a t i o n s  (Blumatein,

S.L., Tarttre, V.C., Nlgro, G. and Statlender, S., 1984;

Riedel, K., S t u d d e r t - K e n n e d y , M . , 1985). The authors of 

these stu dies have used a d i f ferent paradigm, but, in my 

opinion, test ed the theory. For example, Riedel and 

S t u d d e r t -Ke nnedy investigated m l a a i l e w o u n d e d  left brain 

damaged fluent and n o n fluent aphasias' ability to identify 

and d i s c r i m i n a t e  CV s y llables (/ba/ and /da/). They 

que s t i o n e d  whe ther p e r f o r m a n c e  would i mprove by 1) extending 

formant t r a n sitions and 2) increasing the ISI between
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syllables, as had been shown by Tallal (Tallal and N e w c c m b e , 

1378). They did not r e plicate her fi n d i n g s  end found no 

evi d e n c e  to s upport her thesis. The aphaaica' performance 

on the i d e n t i fication tasks did not iap rove as a result of 

foraant transition extensions. Further, th ere was no 

d if f e r e n c e  in p e r f o r m a n c e  bet ween the SO and 300 Billisecond 

ISI conditions, by the group or individuals, on the 

d 1scria 1n a 1 1on task. In fact, some ap h a a i c a  performed 

better in the shorter ISI condition.

It should be possible to test the h y p o t h e s i s  that poor 

readers have d eficits in temporal per c e p t i o n  using a 

paradigm slightly different from that used by Tallal. Poor 

readers should perform less well than normal rea d e r s  on 

i dentification and d i s c r i m i n a t i o n  tasks in wh ich the 

acouatic cue is pure ly temporal in natu re (this will be

elaborated below). In addition, one wo uld imagine that a

t e m poral-related deficit of this sort would also be evident 

on a task in which speech la c o m p r e s s e d  in time. That is, 

an increase in the p r e s e ntation rate of speech eimuli should 

impair speech perception in chi l d r e n  who have temporally 

dis o r d e r e d  systems. A study of this sort, using a time

compressed speech task was performed by Freeman and Beasley

(1978). They presented m o n o s y l l a b i c  wo rds that were of
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normal duration and alio m o n o s y l l a b i c  words that wara tiaa 

c o m p r e s s e d  to 60 pe rcent of normal d uration to a reading 

d i s ordered group and to a control group. Tha raading 

impaired children were at least two years behind their grade 

e q u ivalent on the Lindamood Auditory C o n c e p t u a l i z a t i o n  test 

and on a reading p e r f o r m a n c e  index d e v e l o p e d  by the school. 

(Although not noted, it is assumed that the control group 

waa reading at least at grade level, since they were 

referred to as normal r e a d e r s . ) The a uthors found that, in 

general, the rea ding impaired gr oup p e rformed s i g n i f i c a n t l y  

worse than the normal readers (i.e. on the normal d u ration 

and 60 percent c o n dition combined). In addition, they 

reported that, in general, the c hildren performed 

s i g n i f i c a n t l y  worae at 60 percent time compression.

Although it was noted that the mean d i f f e r e n c e  between the 

normal duration and 60 percent c o n d i t i o n  was greater and 

more variable in the reading dia o r d e r e d  group, no mention 

was made aa to whether the dif f e r e n c e  b etween the groups on 

this difference measure waa s t a t i s t i c a l l y  significant.

Thus, in terms of temporally related issues, their results 

merit further investigation.

Propose 1
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As we have seen, there is c o n s i d e r a b l e  evi d e n c e  that 

soie poor readers have dif f i c u l t y  with the phonetic aspects 

of language. Why this is so reeaine to be deterained. It 

is c o n c e i v a b l e  that the d i f f i c u l t y  lies in the perception of 

speech. If so, the problem must be subt le end only be 

revealed by d e m a n d i n g  tasks since many reading diaordered 

c h ildren do not have o bvious language disorders. In 

addition, it is c o n c e i v a b l e  that the d i f f iculty would be 

evident on tasks which require temporal processing since 

temporal factors have been e m p h a s i z e d  for their role in 

s peech perception and dyslexia.

The aim of this study was to investigate whether some 

poor readers have a deficit of ph o n e t i c  and/or temporal 

perception. Two related but d i ffering hyp o t h e s e s  were 

investigated. The first is that d y s l e x i c  c hildren have a 

perceptual deficit that is sp e c i f i c  to p h onetic information.

The second ia that dys l e x i c  c hildren have a disorder of 

brief temporal processing that is not spe c i f i c  to phonetic 

p r o cessing but is in fact based on s d eficit of nonphonetic 

or auditory perception. The d y s f u n c t i o n  is related to 

language because rap idly o c c u r r i n g  information is 

c h a r a c t e r l a t i c  of apeech sounds. To this end, dy s l e x i c  and 

normal readers were co m p a r e d  on four sets of tasks: three
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war® speech and on* waa nonepeech. All r e quired tenporal 

processing. They are d e s c r i b e d  below.

In order to i n v e stigate a possible p h onetic and 

temporal per c e p t i o n  deficit in reading d i s o r d e r e d  children a 

/ba-wa/ c o n t r a s t  was used. The /ba-wa/ c o ntinuus was a 

natural choice since the critical acoustic cue 

d i s t i n g u i s h i n g  between these two con s o n a n t s  is tesporal in 

nature, i.e. the dur a t i o n  of the foraant transitions. In 

order to keep the d i f f e r e n c e  between the contrasts, in this 

experiment, at a alnlaua, only the first forssnt t r a nsition  

waa manipulated. The t r a nsition rang ed from 30 to lOO 

m i l l i s e c o n d s  in 10 m i l l isecond steps. Ten m i l l i s e c o n d s  was 

chosen as an a p p r o p r i a t e  d i f f e r e n c e  between stimuli in order 

to enab le listeners to p erceive a d i f f e r e n c e  between the 

short est and longest soun ds of the control stimuli 

(elaborated below) while k eeping the range within the limits 

found in natural speech. Thirty m i l l i s e c o n d s  was chosen for 

the short end of the c o n t i n u u m  in or der to keep the 

t r a n s i t i o n  brief and thus test for a s p e c i f i c a l l y  temporal 

deficit, as in T a l l a l ' a  work.

If the reading d i s o r d e r e d  chi l d r e n  have a phonetic 

deficit then they should perform poorly on this continuum.



37

If the deficit ia temporal in nature, aa Tallal auggeata, 

then they should not only perform poor ly on thia continuua 

but in addition, they ahould respond to the /ba-wa/ 

continuum in a particular way. For example, they ahould 

identify more stimuli aa /ba/ than ea /we/, ea co m p a r e d  to 

the controls, since they presumably need more time to 

pro cess information. The duration of the formant transition 

will have to be rel a t i v e l y  long (e.g. greater than 95 

milliseconds) for them to label the stimuli as /wa/. The 

phoneme boundary ahould be d i s placed (to the right) in the 

dyslexic group's identification functions. In add i t i o n  the 

slopes of the functions in the dy s l e x i c  gr o u p  ahould be 

shallower than in the normal group.

The subjects in this study were also tested on a Voice 

Onset Time (VOT) continuua. The complex of a c o u s t i c  cues 

a c c o m panying VOT was ch o s e n  for study for a va r i e t y  of 

reasons. First, this speech c o n t i n u u m  serv ed as another 

test for a p h onetic per c e p t i o n  d eficit hypothesis. If the 

d i f ficulty is phonetic in nature, then the rea ding 

d i s o rdered c h ildren ought perform poorly on this task aa on 

the /ba-wa/ continuum. However, this c o ntinuum may not be 

as d i f ficult for the r eading dis o r d e r e d  chi l d r e n  to p e rceive 

as the /ba-wa/ c o ntinuum because more cues alert the
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6listener to the identity of the conaonent. Further, the 

s y n thetic etlnull aore closely res e a b l e  the a c o u s t i c s  of 

natural speech, and are t h erefore p r e s u e a b l y  leas stressful 

to the perceptual s y s t e s . Second, this c o n t i n u u a  served aa 

another teat of temporal pro c e s s i n g  since the predominant 

acoustic cue is temporal in nature. As in the /b«/-/wa/ 

c o ntinuua there should be a d i s p l a c e m e n t  of the phoneme 

bound ary and a d i f ference in slope as c o m p a r e d  to the normal 

r e a d e r s .

Third, VOT is an interesting a c o u s t i c  cue si nce it 

appeara to be of universal perceptual s i g n i f i c a n c e  (i.e. 

perceived by many if not most cultures). Llsker and 

Abramson (1964) found that, in the eleven languages they 

Investigated, speakers acc u r a t e l y  d i s t i n g u i s h e d  bet ween 

their various stop consonant c a t e g o r i e s  on the ba sis of VOT.

(Transition duration also appears to be e uni v e r s a l l y  

significant cue although it has not been nearly as much 

i n v e s tigated as VOT), Further, it has bee n s u ggested that 

s en s i t i v i t y  to the voicing c l a s s e s  might be med i a t e d  by 

innate m e c h a n i s m s  (Einas, 1971, 1974; Aslin, Pisoni,

Hennessy and Perey, 1979). VOT seems to be used as a 

perceptual cue by Infants as well sa by adults. That is, 

infanta have been found to be able to d i s c r i m i n a t e  synthetic
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speech soun ds that diff er in v/OT in the sees way that adults 

do. In addition, the d i e c r i i i n a t i o n  saaia univ ersal in that 

infants were found to have aiailar cat e g o r y  b o u ndaries 

reg a r d l e s s  of their parents' language. As development 

proceeds, the category b o u n d a r i e s  beco me consistent with the 

native language. Eimaa (1971) has a u g geated that the 

auditory eyatem of the infant is innately hardwired to 

perceive this a c o u a t i c - 1 inguiatic p a rameter end that the 

process la e v e ntually altered by experience.

The isolated first formant t r a n s i t i o n  of the /ba-wa/ 

c o ntinuum waa included as a nonspeech, t e m p o r a l l y  dependent 

control. In initial e x p l o r a t o r y  work it waa found that the 

stimuli were not perceived aa speech, but Instead as bleeps.

Subjects refer red to them aa short or long sounds. This 

continuum was Included to test tha h y p o t h e s i s  that a de ficit 

(phonetic type) on the speech co n t i n u e  is spe c i f i c  to speech 

and further, that the disorder is not purely temporal in 

nature, as Tallal suggests. If the de f i c i t  is specific to 

phonetic information than the reading dis o r d e r e d  children 

ahould perform s i m i l a r l y  to the c hildren in the control 

group on the FI continuum. If the deficit is temporal in 

nature then they should p erform leas well than tha control 

group. That is, they should not be able to d i s c r i m i n a t e  as
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well between the foraanta of d i f f e r i n g  duration.

A two Interval AX p r o c e d u r e  waa uaad for the 

d l a c r 1 a 1natlon taska. Thia poradiga waa chosen aa oppoaed 

to othera (e.g. A B X ) b ecauae it haa been rep o r t e d  to be 

eaaler for c hildren (Wolf, 1973) and eppeara to pl ace fewer 

dem ands on memory (Pollack and Piaoni, 1971).

A teat of t 1ae- c o a p r e a a e d  apeech waa Included to 

further examine w hether theae chi l d r e n  have d i f f i c u l t y 

p r o ceaalng rapidly occurring information. If the dya l e x l c  

children do have tr ouble pro c e a a l n g  i n f o raatlon that occura 

rap idly in time aa Tallal auggaata, then they ahould perfora 

poorly, aa compared to normal readers, on atiaull wh ich are 

timie compressed. To investigate this, pho n e t i c a l l y  balanced 

liats of time com p r e s s e d  m o n o s y l l a b i c  wo r d s  were used aa 

stimuli. Two a mounts of time c o m p r e s s i o n  were used, 30 and 

60 p e r c e n t .

Reading skill and strategy waa a a aeaaed with taaka that 

required the re ading of isolated words, rather than wo rds in 

c o n nected text. Sing le word taaka were chosen in order to 

min i m i z e  the meaningful c o n t extual cues, inherent to 

co nnected text which would reveal tha Identity of a word.
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In this way dec o d i n g  skill was emphasized. In this regard. 

It Is ralavant to note that Sha n k w a l l e r  and Llbaraan (1972) 

found that chi l d r e n ' s  skill at r eading Isolated wo rds was 

highly cor r e l a t e d  to success at reading c o nnected text.

The c h i l d r e n ' s  reading s t r a t e g i e s  were analyzed using 

the Boder Test of R e a d 1n g -S p e 111ng P a tterns <1962) to 

cospare the p e r f o r m a n c e  of c l i n i c a l l y  identified dyslexic 

subgroups, i.e. a dyaphonetlc, dya e i d e t l c  and alxed 

d y s p h o n e t l c -dys e i d e t i c  group. It was proposed that those 

children whose errors r e f lected phonetic con f u s i o n s  would 

have trouble on the speech taaka wh i l e  th ose children whose  

errors reflected visual con f u s i o n s  would perfors sim i l a r l y  

to the normal readers. As noted above, the Boder test la 

designed to d e t e r m i n e  whether dys l e x i c  chi l d r e n  attempt to 

read and spell using a phonetic approach, thereby revealing  

skill in this domain (dyaeidetlc) or whether they lack 

phonetic skill and rely on a more visual approach 

(dyaphonetlc) or whether they lack both p h o n e t i c  and visual
nskill (mixed d y s p h o n e t i c - d y s e i d e t l c ). Boder def i n e d  the

dya p h o n e t l c  reader as a ch ild who t y p i c a l l y  has a limited 

sight vocabulary of words and who reads words g lobally 

rather than analytically. In contrast, the d y a e i d e t l c  

reader reads by sounding out words and typically fails to
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read words that don't have g r a p h e m e - p h o n e m e  correspondence. 

In co n t r a s t  to the d y a p h o n e t l c  reader who reada quickly, 

thia type of reader re ada alowly aa If seeing each word for 

the flrat time. The *ix*d d y a p h o n e t l c - d y a e i d e t 1c reader haa 

trouble reading globally and a n a l y tically and t h erefore la 

the moat di s a b l e d  of the three types of readers.
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Footnote*

1 A d i s t i n c t l y *  f««tur* ayatas is a achaa# for 
cl a s s i f y i n g  spaach sounds. Classically, tha apaach sounds 
are def i n e d  a c cording to the way they are produced (i.e. 
articulated). For example, a c o nsonant can be di stinguished 
in port by whether, in production, the tongue is pressed 
against the alveolar ridge or the back of the palate. 
T h e o r e t i c a l l y , the a r t i c u l a t o r y  processes co r r e l a t e  with the 
acoustic c h a r a c t e r i s t i c s  of the sound.

2 In speech perception, con s o n a n t s  are perceived 
cat e g o r i c a l l y  w h e r e a s  vowels are less clearly categorized. 
Further, vowels are less stable than consonants, i.e. they 
are sore subject to phonetic v a riation across Individuals 
and dialects.

3 Short term sesory, although not the fo cus of the 
present study, is clearly of primary importance for and 
intimately rel ated to the phonological processing of both 
wri tten and spoken language. The listener or reader sust be 
able to hold on to bits of phonological information in order 
to com p r e h e n d  messages.

4 R e s o n a n c e s  of the vocal tract are referred to as 
formants, and their f r e q uencies are referred to as the 
fomant frequencies. They are d e pendent on the shape of the 
v o c a 1 t r a c t .

5 Categorical perception occurs with the perception of 
items which vary a c c ording to place of articulation, manner 
of a r t i c u l a t i o n  and voicing class. However, isolated steady 
state vowels (Pisonl, 1971), F2 tra n s i t i o n s  (Mattingly, 
Liberman, Syrdal, and Halwes, 1971) and n o n s p e e c h  sounds 
tend to be perceived less categorically, or are instead 
perceived more continuously, similar to what is usually the 
case in p sychophysical studies of nonspeech. Although some 
studies have ahown that c o n t i n u o u s  and cat e g o r i c a l  types of 
responding can occur on tha same s timulus patterns, what 
seems clear is that for some sounds, categorical perception 
is most likely to occur when the listener is interpreting 
the stimuli as s p e e c h , i.e. when he is r e s p o n d i n g  in a 
"speech mode". For further d i s c u s s i o n  of these issues, the 
reader is referred to Liberman, Cooper, S h a n kweller and 
S t u d d e r t - K e n n e d y , 1967; Pisonl, 1973).

6 Alt h o u g h  VOT is a temporal cue (classically
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d e a c r i b e d  a* tha time fro* plo a i v a  r t l a a a a  to glottal 
vibration), othar cuaa aa r v a  to alart tha liatanar aa to tha 
ldantity of tha conaonant. Th a a a  cuaa c o a a o n l y  work in 
c oncart but hava alao baan ah own to ba a u f f l c i a n t  to 
d l a t i n g u i a h  tha voicing contraat. Thay lncluda: tha 
pr a a a n c a  of ab a a n c a  of a a p i r a t i o n  during tha VOT intarval 
(Sumaerfield and Haggard, 1974), tha onaat f r aquancy of the 
FI t r a n a l t i o n  (Stevena and Klatt, 1974) and tha riaa of the 
FI tranaltion (Cooper, Dalattra, Liberaan, Borat, and 
Garataan, 1932).

7 Tha c h ildran ara a e p arated into g r o u p a  on tha baaia 
of thair reading and apelling pattarna. Thraa itaaa ara 
r e l e v a n t  for d eciding on gr o u p  aeaberahlp: 1) tha p e r c e n t a g e
of worda which ara read c o r r e c t l y  that ara apalled 
correctly; 2) tha p e r c e n t a g e  of wo r d a  wh i c h  a r e  not read 
c o r r e c t l y  wh i c h  ara apelled aa good pho n e t i c  equivalente; 3) 
tha Reading Q u o t i e n t  CRQ). Tha RQ  ia c a l c u l a t e d  aa followa: 
(Boder rea d i n g  gr a d e  level I 5 / c h r o n o l o g i c a l  age) x 1O0. If 
tha f o l l o w i n g  ia true than tha child la c l a a a i f i a d  aa 
dyaphonetlc: 1) tha child ia unable to apell at laaat 30
p ercent of tha wo r d a  which ha la able to read; 2) tha child 
ia unable to apell wo rda which he cannot read ualng a good 
p h o n e t i c  e q u i valent; 3) the RQ la g r e a t e r  than or equal to 
67. Zf (1) and (2) are true but the ch i l d  haa an RQ lower 
than 67 then th e  child la c l a a a i f i a d  aa mixed
d y a p h o n e t i c - d y a e i d e t i c . If the f o llowing ia t r u e  than tha 
child la c l a a a i f i a d  aa dyaeidetlc: 1) tha child la unable to 
apell at laaat 50 percent of the wo r d a  which he ia able to 
read; 2) tha child ia ab l e  to apell at laaat 30  pe r c e n t  of 
tha worda which ha cannot read uaing a good p h o n e t i c 
equivalent; 3) tha RQ ia leaa than or equal to 80.
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METHOD

Subject*

The subjects were children froa public and private 

achoola in the New York City M e t r o politan area. Four 

reading spe c i a l i s t *  wer e asked to select good and poor 

readers, bet ween the ages of seven and nine, fro* their 

respective school or private practice. (An attenpt was wade 

to keep the age ra nge of the sub j e c t s  to a ilnlsui since 

there is e vidence that spee ch pe rception skills change 

through early childhood (Goldman, Fristoa and Woodcock,

1970)). In some cases the normal readers were c hildren of 

friends of the author. Nineteen c h ildren (eleven normal 

r eaders and eight poor readers), serv ed as s u b j e c t s  in the 

study. The poor readers were at minimum five months delayed 

in reading as measured by the average of th eir scor es on the 

Woodcock Reading Mastery - Word Attack and Word Recog nition 

subtests (mean reading grad* lev*l*2.5), Th e  normal group 

was at or above grade level in reading (mean grade 

l e v e l > 6 . 4 ) . The mean age for both groups waa 8.7 years.

The groups were equated on intellectual f u n c tioning with the 

Ravens Co l o u r e d  P r o g r e s s i v e  Matrices. The mean Raven's 

score for the dys l e x i c  group was at the 83th per c e n t i l e  and
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for the n o n a l  rea der* at tha 89th percent! la. Thar* was no 

s ig n i f i c a n t  d i f l a r a n c a  bat w a a a n  tha g r o u p s  on tha Ravana 

t a a t . <Sae Tabla 1 and 2 for tha individual c h i l d r a n ' a  age,

grade, IQ and reading level). Only chi l d r e n  with noraal 

peripheral hearing as aaaaurad by a standard aud l o a a t r i c  

battery were included in the study. All ch i l d r e n  case fros 

at least upper middle class hoses. In addition, any child 

with doc u m e n t e d  p s y c h i a t r i c  d i f f i c u l t i e s  was excluded fros 

the study. Twelve children did not seat at least one of the 

criteria and were t h e refore e xcluded fros the study. In 

addition, due to fatigue, one of the dyslexic and one of the 

normal children did not p a r t i c i p a t e  in the set of nonapeech 

taaka, two of the normal readers did not p a r t i c i p a t e  in the 

set of /ba/-/wa/ tasks.

S t i m u l 1

The d l a c r l i l n a t l o n  and i dentification test stimuli were 

recorded onto reel-to-reel tapes. They were g e n e r a t e d  on a 

parallel resonance synthesizer at H a s k i n s  Laboratories.

Th ere were three i d e n t i fication continue each with 

eight s y l l a b l e s  and th r e e  d i s c r i m i n a t i o n  c ontinue each with 

five pairs of syllables. Of these continue, there were two
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Bets of speech and one set of nonspeech tasks. Each 

syllable In the speech series was 360 m i l l i s e c o n d s  In 

d uration and composed of two formants. The utt e r a n c e s  in 

the n o n speech set wer e co m p o s e d  of one formant. The 

syl l a b l e s  in one of the speech seriea ranged from a stop 

consonant /ba/ to a semivowel / w a / . The fi rst formant of 

each syllable c o n s i s t e d  of an initial formant transition 

which varied in dur a t i o n  from that a p p r o p r i a t e  for /b/ to 

that for /w / and a subsequent period of stea d y - s t a t e  

a p p r o p r i a t e  for the vowel /a/. The duration of the 

t r a n sitions varied from 30 to 100 m i l l i s e c o n d s  in 10 

millisecond steps. As the d u ration of the formant 

t r a n sitions increased, the duration of the steady state 

formants decreased in or der to maintain the syllables' 

duration at 3 6  0  milliseconds. For all stimuli the second 

formant consisted of an initial formant t r a nsition 

a p p r opriate for either /ba/ and /wa/ and a subsequent steady 

state appr o p r i a t e  for the vowel /a/. The duration of the 

second formant tranaltion waa SO milliseconds.

The first and second formants started at 100 and 616 

Hz. r e s p e ctively and rose linearly to stea dy state values of 

769 and 1232 Hz. r e s p e c t i v « l y . The fundamental frequency 

rose linearly from 90 Hz. to 110 Hz. in 50 m i l l i s e c o n d s  and
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then gradually d e c reased acroaa the syllable to 90 Hz.

The syllables In the second speech (VOT) series ranged 

from a /da/ to a /ta/. They c o nsisted of formant  

tran s i t i o n s  app r o p r i a t e  for an alveolar stop, and a steady 

state segment app r o p r i a t e  for the vowel /a/. The change In 

VOT waa a c c o m plished by cutting back the first formant 

transition and s 1 mu 1t a n e o u B 1y exciting the seco nd formant 

transition with noise rather than a periodic signal. The 

stimuli varied from a VOT of O to +70 In 10 millisecond 

s t e p s .

The first formant of the first s y llable s tarted at 234 

Hz. However, since FI was cutback for each s t imulus in the 

series there waa a c o r r e s p o n d i n g  increase in FI onset. A 1 1 

of the first formants rose linearly to a steady state value 

of 76.9 Hz. The second formant started at 164S Hz. and fell 

to a steady state value of 1232 H z . . The fundamental 

f requency contour was the same as for the /ba-wa/ 

c o n t 1n u u m .

The nonspeech aeries was composed of the varying first 

formant tra n s i t i o n s  of the /ba/-/wa/ continuum. Subjects 

were asked to identify the stimuli as "short" or "long".
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All of the stimuli were d i g itized at a lO kHz sampling 

rate by the pulse code Modulation CPCM) system at the 

Haskins Laboratory. An Identification and d 1s c r 1m 1n a t 1on 

task was created with the stimuli from each set. Each 

I dentification task consisted of eight tokens of each 

stimulus, totalling 64 items. The items were randomized and 

divided Into eight equal blocks of eight stimuli. There was 

an i n t e r -s t 1mu 1 us - 1n t e r v a 1 of 3 seconds and an inter-block 

interval of 6 seconds. Each discrimi n a t i o n  task consisted 

of twenty pairs of stimuli with eight r e p e t i t i o n s  of each 

pair totalling 160 pairs. The sets included five pairs of 

stimuli differing by 30 m i l l i s e c o n d s  along each continuum 

(i.e. 10-40, 20-50, 30-60, 40-70, 50-60) and each pair had

four a r r a n gements (e.g. 10-40, 40-10, 10-10, 40-40). The

pairs were ra ndomized and divided into ten blocks of sixteen 

pairs. There was a one second interval between the items in 

each pair and a three second interval between each pair.

In or der to familiarize the subjects with the stimuli 

three tokens of each endpoint (i.e. sti m u l u s  1 and stimulus  

8 > were p r e sented prior to the identification task. In 

order to make sure the s ubjects u n d erstood each task a 

criterion test was given. The c r i terion aeries for the
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I d entification taaka c o n aiated of twelve tokena of each 

e n d p o i n t  at l m u l u a  (i.e. at i a u l u a  1 end a t l a u l u a  8) totalling 

24 itaaa. The 24 tokena were randoaizad. The cri t e r i o n 

teat for the d l a c r i a l n a t i o n  ta aka c o n a i a t e d  of four paira of 

endpoint atiauli with four r e p e t i t i o n !  of each pair (i.e. 

a t l m u l u a  1 paired with ati a u l u a  6; a tiaulua 8 paired with 

a t i a u l u a  1; at i a u l u a  1 paired with a tiaulua 1; ati a u l u a  8 

paired with atlmulua 8). The itema were randomized.

The atiauli uaed for the time coapreaaed apeach 

c o n d i t i o n s  Included tape recorded versions of two llata of 

the WI PI obtained from AUDITEC of St. Louis. The lists 

c o naiated of m o n o s y l l a b l e  worda, su i t a b l e  for young 

children. One list waa time com p r e s s e d  to 30 percent and 

the other to 60 percent of original time. (The t e chnique of 

time compression Increases the rate of speech by eliminating 

small sections of the speech signal within worda and 

combining the remaining aco u s t i c  energy. In this method 

rate ia altered but the f r equency c o m p o n e n t s  of the worda 

are preserved (Rintelmann and Lynn, 1984)).

Procedure

The identification, d i s c r i m i n a t i o n  and time compressed
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speech teats wer e presented on a Tandberg TC 20A reel to reel 

tape recorder thr ough TDH39 h e a d p h o n e s  In a quiet rooi.

At the first session the c h i l d r e n  received the Ravens 

Coloured P r o g ressive Matrices, the Wo o d c o c k  Reading 

aubtesta, the peripheral hearing exaa, one set of 

i d entification and d i s c r i m i n a t i o n  tasks and the UIPI Time 

Compression Speech Test. At the second session they 

recei ved the Boder Teat of Re ading and the last two sets of 

i d entification and d i s c r i m i n a t i o n  tasks. The Ravens, 

Woodcock and Boder tests were a d m i n istered in the standard 

format. In the WIPI test the chi l d r e n  were asked to repeat 

the words they heard. In the i d e n t i f i c a t i o n  test the 

chi l d r e n  were asked to label the items as either, for

example, /da/ or /ta/. For the non s p e e c h  set they were

asked to label the items as "short ones" or "long o n e s ” . 

Their r e s ponses were recorded by the experimenter. The 

children were introduced to the perceptual tasks in the 

following way, following an instructional p r o c e d u r e  designed

by Wolf <1973).
"Have you ever heard a robot talk? (Child's response) 
Well, I have some sounds that a robot made. This robot 
can only say two things: he says ba and w a . Can you
say that? (Child's response) I want you to listen 
very hard to what the robot says, and then say the
very same thing. When he says b a , you say b a ; when
he says w a , you say w a . Ok ay? Vou say exactly what 
the robot aays.
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In the d i s c r i m i n a t i o n  taat th® c h ildren war® aakad to *t«te 

whether the so u n d s  they heard were "exactly the same" or "a 

little bit different". The r a t p o m e a  wer e rec o r d e d  by the 

e x p e r i m e n t e r .

In the nonspeech ta sks the chi l d r e n  were told that the 

robot would say long and short sounds, not “ letters". It 

was emp h a s i z e d  that the sounds were not speech.

Twelve con s e c u t i v e  correct r e sponses were req u i r e d  to 

"pass" the c r i terion tasks. None of the s ubjects failed to 

meet this criterion.

On ail the tests, the c h ildren were asked to guess at 

the answer when unsure. Further, they wer e intermittently 

reinforced with stickers. The test ta p e s  we r e  stopped 

o c c a s ionally in order to give the chi l d r e n  rests.
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Reaults

The result.* of the Iden t i f i c a t i o n  task for the 

/da/-/ta/ con t i n u u a  «re dis p l a y e d  in Fi g u r e  5 for the noraal 

reading and dys l e x i c  group. The 8 at i a u l u a  values of the 

c o ntinuua are on the abacisaa and the p e r c e n t a g e  of tokena 

of each atiaulua labeled aa /da/ ia on the ordinate. Aa can 

be seen in the figure, the data indicate that subjects In 

both groups a y s t e a a t i c a 11y c l a ssified atiauli with shorter 

VOT valuea aa /da/ and those with longer VOT values as /ta/. 

Further, the d o p e s  of the f u nctions in the region of the 

c ategory bou n d a r i e s  are c h a r a c t e r i s t i c a l l y  sharp. These 

f i ndings are con s i s t e n t  with previous r e s e a r c h .

The results indic ate that the groups did not differ in 

their a bility to identify the stiauli, i.e. both groupa were 

able to respond c a t e g o r 1c a 11y . This was c o n firmed with a 

repeated mea s u r e s  a nalysis of var i a n c e  with group as the 

between sub j e c t s  factor, a t iaulua aa tha within subjects 

factor and the percent of ti mes a s t i m u l u s  was identified as 

/da/ as the d e pendent variable. The an a l y s i s  indicated that 

there was no sig n i f i c a n t  d i f f e r e n c e  between the groups on 

percent of voiced judgements (F < 1>, there was no 

s i g n ificant interaction <F < 1), and th* number of voiced
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r c aponsee changed abruptly acroea VOT value <F(7, 119) =

631.65, p < .001) (see Table 3 for l e a n a ) .

The reaulta of the I d entification taaka for the 

/ba/-/wa/ c o ntinuua are d i a played in Figure 6 for the normal 

reading and d y a l e x i c  group. The data indicate that aubjects 

a y a t e m a t 1c a 11 y claaaifled atimuli with ahort duration firat 

formant t r a n a i t i o n a  aa /ba/ and thoae with longer duratlona 

aa /wa/. Th e s e  reaulta are c o n aiatent with previous 

r e s e a r c h .

Aa waa aeen in the /da/-/ta/ taaka the groupa did not 

differ in their ability to Identify the /be/-/wa/ atimuli.

In fact, both groupa were able to r eapond c a t e g o r 1c a 11y .

Thia waa c o nfirmed with a repeated aea a u r e a  ana l y a l a  of 

variance with group aa the between aub j e c t a  factor, a t lmulua 

aa the within aubjecta factor, and the percent of timea a 

atlmulua waa labeled aa /ba/ aa the d e p e n d e n t  variable. Aa 

waa aeen in the /da/-/ta/ taaka the a n alyala revealed that 

there waa no a i g n i f i c a n t  d i f f e r e n c e  between the groupa on 

the p e r centage of /ba/ reaponding (F < 1), there waa no 

aig n i f i c a n t  inter action <F < 1), and the number of /ba/

r e aponaea c hanged a 1g n i f 1c a n t 1y aa the d uration of the 

t r a naltion increaaed <F(7, 105) = 131.60, p < .001). (sea
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Table 3 for m e a n s ) .

The results of the I dentification teak for the 

n o n apeech c o n t i n u u m  are d i s played in Figure 7 for the normal 

reading and dy s l e x i c  group. The data rev e a l e d  that the 

su b j e c t s  were able to c a t e g o r i z e  n o n a p e e c h - 1 ike atimuli into 

groups. They a y a t e m a t i c a 1 ly cla a a i f i a d  atimuli with ahort 

duration first formant tra n a i t i o n a  aa ahort and those with 

longer d u rations as long.

Aa waa aeen in the speech taaka the groups did not 

d iffer in their ability to identify the n o napeech atimuli; 

both groups were able to respond categorically. This was 

c o nfirmed with a repeated measures ana l y s i s  of var i a n c e  with 

group aa the between su b j e c t s  factor, ati a u l u a  aa the within 

subjects factor and the percent of times a atiaulua waa 

labeled aa short aa the d e p endent variable. There waa no 

aignificant dif f e r e n c e  between the gro u p a  on the per c e n t a g e 

of short r e a p o n a e a  (F < 1), there waa no a i g n ificant

Interaction (F < 1), and the number of ahort reaponaea 

cha nged abruptly aa the du r a t i o n  of the transition increased 

( F ( 7 , 105) = 77.35, p < .001). <see Ta b l e  3 for means).

The i d e n t 1flcation f u nctions of the /da/'/ta/,
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/ba/-/wa/ and non a p a a c h  continue war* fur thar analyzed by 

de r i v i n g  a alopa, locus of cat a g o r y  boundary (50 parcant 

c r o aaovar point) and unc e r t a i n t y  range (range of atiaulua 

valusa that fell between the 25 and 75 p ercent Barks) uaing 

linear regreaalon techniques. Se p a r a t e  T-t e a t a  were 

perforaed, with each of these aea a u r e a  aa the dependent 

variable (i.e. slope, locus of category boundary and 

unc e r t a i n t y  range), on each c o ntinuua (I.e. speech and 

nonspeech), to teat for gr oup differences. Results, which 

can be aeen in Table 4, Indicate that (1) there were no 

significant d i f f erences between the groupa on these aeasures 

for any of the continue. The aean cat e g o r y  boundary for the 

groupa was at alaost exactly the aaae value for the 

/da/-/ta/ teak! 26.39 coapared to 26.41; for the / b a / ’/wa/ 

task: 60.81 coapared to 56.94; and for the nonapeech task: 

63.26 co a p a r e d  to 62.66 (2) the groupa were roughly 

equivalent at c l a s s i f y i n g  atimuli near their category 

boundaries as aea s u r e d  by the range of a t i a u l u a  values that 

fell between the 25 and 75 per cent marks and by the slopes 

of the i d entification functions. The g r o u p a  evi d e n c e d  

alaillar ranges of u n c e rtainty and sim ilar slopes on all the 

con 1 1nua .

Three, the groups did not differ in their ability to
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identify endpoint atimuli, presumably good exe a p l a r s  of the 

st i m u l u s  categories. This was revealed on each continuum 

using repeated mea s u r e s  ana l y s i s  of variance, with group as 

the between s u bjects factor, en d p o i n t  st i m u l u s  ss the within 

su b j e c t s  factor, and the p e r centage of c o r rectly labeled 

e n d points as the d e pendent measure. Th ere were no 

significant d i f f e r e n c e s  between the groups <F < 1), and 

there were no aig n i f i c a n t  i n t e r actions (F < 1). The only

sig n i f i c a n t  s t imulus effect waa on the nonapeech continuum, 

i.e. it was found that the groups were sore consistent at 

labeling the short duration endpoint stimuli as short than 

they were at labeling the long duration stimuli as long 

(F(2,30> * 9.11, p < .01>. Case Table 5 for means).

Discrimination Tasks

The d i s c r i m i n a t i o n  results for all of the continua were 

analy zed using repeated measures a n alysis of variance with 

group as the between m e a s u r e s  factor, sti m u l u s  pair as the 

within m e a s u r e s  factor and percent correct d i f ference  

response per pair as the d e pendant variable.

The f u n c t i o n s  from the d i s c r i m i n a t i o n  task for the 

/da/-/ta/ c o ntinuum are d i s played In Figure a for the normal
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reading and tha dya l e x i c  group. Tha fiva t h r a a * * t a p  pair* 

of atiaull uaad to taat d l a c r i a i n a t i o n  ara on tha abaciaaa, 

and tha p a r c a n t a g a  of d i f f a r a n t  paira wh ich wara corractly 

called "diffarant" ara on tha ordinate. Aa can ba aaan in 

F igure 8, both tha noraal and dia o r d e r e d  rea d e r *  evidenced 

d l a c r i a i n a t i o n  peaka wh i c h  co i n c i d e d  cl o a e l y  wi t h  their 

e a t a b l i a h e d  ca t e g o r y  boundary of 26 a i l l i a e c o n d a  (tec alao 

Figure 9). Thaaa paaka indicate greater aen a i t i v l t y  in 

d 1a c r 1 a 1nating atiaull froa d i ffarant phonetic c a t agoriaa 

than froa tha aaaa pho n e t i c  category. Thia waa a u p p o r t e d  by 

tha aaln affect for Pair which a u g gaatad that not all paira 

ware d i a c r l a i n a t a d  equally wall (F<4,68) “ 263.76, p <

.001). The aain affect for group indicated that in contraat 

to the fin d i n g s  on tha iden t i f i c a t i o n  taaka, the dyalexic 

c h ildren ware Inferior to the noraal re a d e r s  in their 

ability to perceive d i f f e r e n c a a  aaong tha atiaull <F<1,17> =

3.35, p < .05, one tailed). Due to tha poorer bet ween

category d l a c r i a i n a t i o n  of the dya l a x l c a  on pair 3-6, the 

group d i f f e r e n c e  appeared aa a aig n i f i c a n t  G r o u p  X Pair 

Interaction (F<4,68) “ 2.73, p < .05). (a** Table 6 for

aeana.) The individual aubject data for the /da/-/ta/  

c o ntinuua can be aeen in Figure* 10 and 11 for the d y a l e x i c  

group and F igurea 12 and 13 for the noraal reading group.

An e x a a i n a t i o n  of the dat a ahowed that the reduced
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pa r f orianca of th* daylaxic group on th* co n t i n u u a  wa* 

c o n t ributed by only *o** o f  th* d y a l e x i c  children. The 

s i g n ificant aain group effect waa aainly due to th* lower 

p a r f o r a a n c e  of three or four of the eight dy s l e x i c  children 

(i.e. a ubjacta 7, 8, 1, perhaps 2). This can also be aeen

in Table 7  and 8. Table 7 d i splays the chi l d r e n ' s  

p e r f oraance on pair 3-6. Table 6 shows a rank order of 

their perf o r a a n c e  on this pair. (This ati a u l u a  pair waa 

found to be aoat r e p r e s e n t a t i v e  of the c h i ldren's 

p e r f oraance on all the d l a c r i a i n a t i o n  tasks and waa used aa 

a quick way to c h a r a c t e r i z e  p e r f oraance in general).

The d l a c r i a i n a t i o n  f u nction* froa th* /ba/-/wa/ 

c o n tinuua can be aeen in Figu re 14. Aa can be aeen in the 

figure, both the noraal and dis o r d e r e d  readers evidenced 

d l a c r i a i n a t i o n  peaks which c o i n c i d e d  c losely wit h thsir 

e s t a blished category boundary of 56 - 6 0  B i l l i s e c o n d *  (aee 

also Figure 15), As was the caae for the /da/-/ta/ task, 

these pe aka indicate greater sen s i t i v i t y  in d i s c r i a i n e t i n g  

atiaull froa d i f ferent phonetic cat e g o r i s e  than froa the 

aaa* p h o n e t i c  category. This was s u p ported by the aain 

effect for Pair which suggested that not all pa irs were 

d i s c r i a i n a t e d  equally well (F<4,60) * 13.28, p < .001). Th*

aain effect for group indicated that, as expected, and aa
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waa aaan in tha /da/-/ta/ taaka, tha d y i l a x i c  c hildran ware 

infarior to the noraal readers In thair ab i l i t y  to p a r c a 1v® 

dif f e r e n c e s  aaong tha atiaull <F(1,1S) ■ 3.97, p < .05, one

tailed). There ware no aig n i f i c a n t  i n t e r actions < F < 1 >

<aae Table 9 for aaana.) Tha individual sub ject data can be 

aeen in Figuraa 16 and 17 for tha dys l e x i c  gr o u p  and in 

Fig ures 16 and IS for tha noraal readers. An a x a a i n a t i o n  of 

the data showed that the reduced per f o r a a n c e  of the dys l e x i c  

group on the continuua was c o n t r i b u t e d  to by aost (six out 

of eight) of the dyslexic children <aubjecta 1, 4, 7, 6, 6,

2) . As In the /da/-/ta/ task pair 3-6 appears to best 

represent the children's overall perforaance. Their 

p e r f oraance on pair 3-6 Is d i splayed in Table 7 and rank 

ordered In Table 6.

The r esults of the d i s c r i a l n a t i o n  tas k for the 

nonapeech c o ntinuua are displayed in Figure 20 for the 

normal readers and dyalexic group. As can be seen in the 

figure, both groups were able to d i s c r i m i n a t e  between the 

atinull in the first 4 pairs with a rel a t i v e l y  high degree 

of accuracy. Both grou ps responded less c a t e g o r i c a l l y  than 

they had in the speech tasks, i.e. the gr o u p s  were better 

abl e to d i s c r i m i n a t e  between pairs froa the same category  

than had been seen in the /da/-/ta/ and /be/-/wa/ speech
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tacka. For »K«>ple, although a t l a u l u a  3 wai gan a r a l l y 

labeled aa abort and atl a u l u a  6 wa* g a n a r a l l y  labalad aa 

long in tha i d entification taak, tha a ubjacta ware abla to 

d i a c r i a i n a t e  between thea with a r e l a t i v e l y  high degr ee of 

accuracy in the d i a c r i a i n a t i o n  taak. Theae raaulta are 

conaiatent with previous research using n o n a p e e c h .

In co n t r a s t  to the f i ndings on tha /da/-/ta/ and 

/ba/-/wa/ spee ch tasks, the aain effect for group was not 

significant in the nonspeech task <F <1, 15) ■ .856, p =

.37). In general the groups did not differ in their ability 

to perceive diff e r e n c e s  between tha pairs. The individual 

subject data can be seen in Figures 21 and 22 for the 

d y slexic gr oup and Fig ures 23 and 24 for the noraal group. 

All but one subject (SI) in the dy s l e x i c  group appeared to 

perfora s i milarly to the noraal group. Although there was a 

significant interaction of Group X Pair (F<4,60) ■ 3.44, p <

.05) in the group data, an e x p l o r a t o r y  post hoc analysis 

using Least s i g n i f i c a n c e  d i f f e r e n c e  (LSD) revealed that the 

groups could only be told apart at pair 2-5 ( < .05). This

appears to be due to subject 1 as can be seen in Figure 21. 

(A Scheffe test was perforaed but did not show any 

s i g n ificant d i f f e r e n c e  b etween the aesns. An LSD was used 

aa an exp l o r a t o r y  t e chnique to further i n v e stigate the issue
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with higher power (Kirk, 1968)). (■•• Table 10 for m e a n s .)

Brief temporal m e asures

Although the data r e vealed that in general the d yslexic  

group had trouble d 1acrria 1n a t 1ng p h onetic information, the 

data did not lend aupport to the notion that reading 

disordered chi l d r e n  have particular difficulty with "brief" 

temporal Information aa had been auggaated by Tallal et . 

a l .. This was demonstrated by a number of reaulta. The 

reading d i s ordered group did not need a longer first formant 

transition in order to Identify stimuli aa /wa/ or aa /long/ 

aa indicated by the lack of dif f e r e n c e  b e t w e e n  the g r o u p s  on 

locua of category boundary on the /ba/-/wa/ and nonspeech 

tasks and by the lack of sig n i f i c a n t  d i f f e r e n c e  between the 

grou ps on per c e n t a g e  of /wa/ r e s p o n s e s  on tha /ba/-/wa/ 

identification task and /long/ on the n o napeech task (noted 

a b o v e ) . Further they were as cap a b l e  of per c e i v i n g  stimuli 

with brief for mant tra n s i t i o n s  as they were of p e r c e i v i n g  

stimuli with longer formant tra n s i t i o n s  as revealed by the 

lack of dif f e r e n c e  In correct res p o n d i n g  to the e n d p o i n t s  of 

the /ba/-/wa/ continuum. That is, the dy s l e x i c  group 

performed equally well at p e r c eiving stimuli at the /ba/ end 

of the /ba/-/wa/ c o n tinuum as at the /wa/ end. In fact, the
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poor readers were lore con s i s t e n t  at labeling the short 

d u ration formant t r a n s i t i o n  stimuli as "short** than they 

were at labeling the long dur a t i o n  formant transition 

stimuli as long, aa noted above.

The res ults of the time com p r e s s e d  speech tasks are 

d i splayed in F igures 25-29. The two time compression 

c on d i t i o n s  - 30 and 60 percent - are on the abscissa and 

percent correct la on the ordinate. The group data is 

d i s played in Figure 25; the individual data for the dyslexic 

group is displayed in Figures 26 and 27; the individual data 

for the normal reading group is displayed in Fi g u r e s  28 and 

29. As can be seen in Figure 25 the d y s l e x i c  c h i l d r e n  

p e rformed slightly better than the normal readers when the 

stimuli were compressed 30 percent; how ever they pe r f o r m e d  

worse when the stimuli were com p r e s s e d  60 percent. These 

differences, while not sign ificant, led to a s i g n i f i c a n t  

group X test Interaction, i.e. there wa s  a greater 

d if f e r e n c e  in p e r f ormance bet ween the 30 and 60 per cent 

c o n d i t i o n s  for the dy s l e x i c  ch i l d r e n  than for the normal 

r eaders <F<1,17> - 5.76, p < .05). As expe cted, the 

analysis revealed a main effe ct for test sug g e s t i n g  that 

both groups performed s i g n i f i c a n t l y  wo r s e  whe n speech was 

compressed 60 percent as compared to 30 pe rcent <F(1,17) *
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41.39, p < .001) (see Table 11 for seens).

Boder Analysis

Of the 8 d y s l e x i c  children, 5 fit the cri t e r i a  for the 

d y a p h o n e t l c  and 3 fit the cri t e r i a  for the slxed group.

None of the ch i l d r e n  were found to fit the cr i t e r i a  for the 

dya e l d e t i c  group. All the noraal reading ch i l d r e n  fit the 

criteria for the noraal gr o u p  as defined by Boder. The 

c h i l d r e n ' s  grade level scor es and their group a e e b e r s h l p  are 

d i s p l a y e d  in Ta ble 12. The sub j e c t s  who were found to be 

aeabers of the aixed group (i.e. subject 2 (D2), 5 (05) and

7 (07) are underlined in Ta b l e  6. As can be seen in Ta b l e  8

aoae of the c h ildren in this gr oup p e r formed poorly on the 

tasks in each c o n tinuum and others p e r formed s i milarly to 

the noraal rea ding children: Zn the /ba/-/wa/ task subject

D5 performed better than all the d y s l e x i c  c h i l d r e n  and 

s i milarly to the normal reading children, while subject D7 

p e rformed wo rse than most of the d y s l e x i c  children. Sub j e c t 

D2 fell s o m e w h e r e  in between. Zn the /da/-/ta/ task subject 

D5 p e r f o r m e d  a l m i l i a r l y  to the normal reading chi l d r e n  while 

sub ject D2 and subject D7 p e r formed worse than most of the 

d y a l e x i c  and normal reading chil dren. This was als o evi d e n t  

on the time com p r e s s e d  spee ch tasks. This p attern was also
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true for the children in the d y s p h o n e t l c  group. Thus, it 

appeared that the Boder test did not d i f f e r e n t i a t e  the 

c h i l d r e n ' s  performance.

In order to d e t e r m i n e  the degree of relation between 

the chi l d r e n ' s  reading scores on the Woodcock and Boder 

Reading tests, a Spearman R a n k - D i f f e r e n c e  Correlation use 

prformed. The c o r r elation c o e f f i c i e n t  was found to be 

highly signi ficant (,(17) * i .93, p < .001).
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Dia c u t t l o n

A d i a c u i t i o n  of the f i n d i n g s  will bs p r e s e n t e d  in ths 

f o l lowing lanner. First, ths fi n d i n g s  of sach task will bs 

d i s c u s s e d  individually, i.e. ths findings of ths 

iden t i f i c a t i o n  task for sach continuua, ths findings of ths

d i a c r i a i n a t l o n  task for sach continuus, ths findings of the

tine compressed speech tasks. Second, ths fin d i n g s  on all 

the tasks will be sum m a r i z e d  with respect to the h y p otheses 

advanced in the introduction. Third, s u g g e s t i o n s  will bs 

made lor future research.

Iden t i f i c a t i o n  Tasks

The results of the iden t i f i c a t i o n  tasks for ths

/da/-/ta/ and /ba/-/wa/ c o ntinuus are c o n s i s t e n t  with

previous findings from adults and inf anta with respect to 

the general slopes of the f u n c t i o n s  and loci of c a tegory 

boundary (Liaker, 1975; Miller and Eiaas, 1983; Libersan, 

Delattre, Ge r s t m a n  and Cooper, 1956). In the /de/-/ta/ 

i dentification tasks the c h ildren e v i d e n c e d  sh a r p  perceptual  

c a t e g o r i e s  while in the /ba/-/wa/ tasks they show ed a sore 

gradual, but still significant, pe rceptual change. In the 

no n speech task the children ap p e a r e d  to c a t e g o r i z e  the
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sounds into two categories, s i m ilarly to the way they had 

done so in the speech continue.

In the i d entification ta sks the reading disordered 

children were able to label the stisuli a p p r o priately 

thereby r e v ealing skill at perceiving phonetic information 

and u t ilizing that Information for categorization. In this 

regard they did not appear to have d i f ficulty with the 

temporal cues of voicing and duration of first formant 

transition. These findings were not consistent with those 

of Godfrey, e t . al. (1981) who performed similiar analyses 

on identification functions of /ba/-/da/ and /da/-/ga/ 

continue obtained from d yslexic and normal readers. They 

found that although there were no gr o u p  d i f f e r e n c e s  in the 

phoneme boundaries, there were group d i f f e r e n c e s  in the 

slopes of the functions. Further, they o b teined a 

significant Stimulus X Group interaction suggesting that the 

dyslexic children were less certain in their identification 

of the speech sounds.

Disc r i m i n a t i o n  Tasks

In contrast to the equ a l i t y  of p e r f o r m a n c e  on the 

Id entification tasks, the p e r f ormance of the reading
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disordered chi l d r e n  was inferior to that of the noraal 

reading group on both the 7ds/-/ta/ and 7be/-/va/ 

d i a c r i m 1nation taaka. On both of these tasks the reading 

dis o r d e r e d  group was leas acc u r a t e  in their ability to 

discriminate stimuli from dif f e r e n t  phonetic categories. 

These results were c o n sistent with those of Godfrey e t . a l . 

who found that dy s l e x i c  children performed less well than 

normal readers on /ba/-/da/ and /da/-/ga/ d i s c r i m i n a t i o n  

tasks. The dyslexic children in their study were also less 

sensitive in their ability to d i s c r i m i n a t e  between stimuli 

from different phonetic categories.

The results of this study and th ose of Godfrey tt. al. 

are not necessarily in conflict with the results of 

ex p e r i m e n t s  by Brandt and Rosen (1980) who c o n cluded that 

poor readers do not differ from normal readers on 

di s c r i m i n a t i o n  tasks. Brandt and Rosen did not perform 

statistical group c o m p a r i s o n s  of the dif f e r e n c e  scor es (i.e. 

per cent of time a pair was labeled d i fferent when the 

stimuli in the pair were a c tually different). However in 

their study the /ba/-/da/ d i s c r i m i n a t i o n  peak was at 

appr o x i m a t e l y  85 pe rcent for the normal group and 70 percent 

for the d yslexic group. Likewise the /da/-/ga/ 

di s c r i m i n a t i o n  peak was at app r o x i m a t e l y  75 percent for the



69

normal group and 65 par ctnt for tha dy a l a x i c  group. As 

observed by Godfray at. al. thaaa fin d i n g s  sight hava baan 

si g n ificant ware they analyzed. In addition, it is perhaps 

not e w o r t h y  that Brandt and Rosen reported that they found 

three dys l e x i c  chi l d r e n  who Init ially d e m o n s t r a t e d  deviant 

i dentification and d i s c r i s i n a t i o n  task parforsanca. They 

noted that their i d entification functions did not show a 

sharp boundary between the /da/ and /ga/ stimuli and that 

the /ba/-/da/ and /da/-/ga/ discria 1nation f u nctions did not 

have dis t i n c t  peaks. However rather than dis p l a y i n g  tha 

fu n c t i o n s  and discussing the per f o r m a n c e  of these c hildren 

aa possibly noteworthy, they d i s missed the fin ding and 

retested the ch i l d r e n  three months later. On retesting, 

their p e r f o r m a n c e  was found to ba leas deviant than it had 

been at the first session; p e r f o r m a n c e  on this retest was 

Included in the analyses.

In general, the /ba/-/wa/ task was more d i f ficult for 

the children than the /da/-/ta/ task. The pe a k s  of the 

d i s c r i m i n a t i o n  f u nctions were c o n s i d e r a b l y  lower on the 

/ba/ /wa/ as com p a r e d  to the /da/-/ta/ tasks (see Figures ft 

and 14). This was esp e c i a l l y  true for the dys l e x i c  group. 

Fur ther most of the dy s l e x i c  c hildren had tr o u b l e  with this 

continuum; fewer had d i f f i c u l t y  with the /da/-/ta/
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continuum. That la, wharaaa six out: of eight d y a l a x i c  

children p e r formed laaa wall than tha noraal raa dlng 

c hi l d r e n  on tha /ba/-/wa/ d i s c r i m i n a t i o n  task, only thraa or 

four d y alaxic ch i l d r e n  p a rforaad laaa wall than tha normal 

raadlng ch i l d r a n  on tha /da/-/ta/ d 1a c r l a 1nation task.

Thua, it appeared that thia c o ntinuum waa more difficult, 

r e quiring a more e f f icient perceptual ayatam. Thla might 

have been b ecause the /da/-/ta/ atimuli war e cloaar to the 

acouatlc c h a r a c t a r i a t i c a  of natural apeach aa noted above, 

Thia type of finding waa alao reported by Godfrey, at. a l . 

who found that dyalexic children were better able to perform 

with a /ba/-/da/ aa oppoaed to a /de/-/ga/ continuum. The 

a u t h o r a  e u ggested that the extra cue Ctwo rather than one 

for mant change) in the /ba/- /da/ aariaa may hava made the 

perceptual dif f e r e n c a a  eaaiar to detect.

Deapite the fact that the d y a l e x i c  children were laaa 

e f fective at d 1a c i m 1 n a t 1ng between tha atimuli on tha 

/da/-/ta/ task, their p e r f o r m a n c e  waa not g roaaly abnormal 

aa compared to tha normal readers. Aa can ba aaan in figure 

9 they e v i denced d i s c r i m i n a t i o n  peaks wh i c h  coincided 

closely with their e s t a blished ca t e g o r y  boundary. Similar 

to the normal r eaders they ware g a n a r a l l y  more s e nsitive in 

d i s c r i m i n a t i n g  atimuli from d i f f e r e n t  pho n e t i c  c a t e g o r i e s
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than stimuli fro* th« sans pho n e t i c  category. Thie was also 

the case, though leas so, for the /b*/-/ut/ teak (see Figure 

15). Godfrey e t . al. alao noted this and found that 

although d y alexlcs differed in their ability to Identify and 

d l s c r i a l n a t e  phonetic inforaation, their p e r f o r a a n c e  waa not 

of an e x treaely poor nature. Since d y a l e x i c  chi l d r e n  do  not 

display obvious perceptual deficits, it is not surprising 

that their weak per f o r a a n c e  on these tasks was not as 

e xtreae aa those reported in s u bjects who have significant 

auditory deficits. For exaaple, grossly abnoraal 

p er f o r a a n c e  on synthetic speech tasks waa seen in studies 

with h e a r i n g - 1apalred adults (see Godfrey and Millay, 1976, 

I960).

Although overall p e r f o r a a n c e  on the n o n apeech continuus 

was slightly higher for the noraal readers than for the 

dyalexic group, this dif f e r e n c e  did not reach a 1g n 1f l c a n c e . 

Thia finding suggested a nuaber of things. One, it revealed 

that the dys l e x i c  c h i l d r e n  could pe r f o r m  a d i s c r i m i n a t i o n  

task. Thus, their dif f i c u l t y  with the /ba/-/wa/ and 

/da/-/ta/ tasks was not simply task-specific. Two, it gave 

further support to tha notion that the deficit in d y slexic 

readers is specific to pho n e t i c  rather than auditory 

inforaation. Three, it gave soae support, a l though
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inconclusive, to the hyp o t h e s i s  that the def i c i t  in poor 

r eaders was not s p ecific to teeporal inforaation. Thi s was 

not c o n c l u s i v e  due to the nature of the n o nspeech stimuli. 

Recall that the n o napeech stimuli were each composed of the 

isolated first formant tra n s i t i o n  of the atimuli in the 

/ba/-/wa/ continuum. This a c o u s t i c  c o n f i g u r a t i o n  was used 

in order to obtain a stimulus that was n o n s p a e c h -1 ika in 

quality, temporally d e p e n d e n t  on and s n s l a g o u s  to the speech 

stimuli. Si nce the t r a n s i t i o n s  varied in duration, the 

effect of e l i m i n a t i n g  the steady state was to create 

s y l l a b l e s  wh ich d i ffered in du r a t i o n  and t h e refore in 

intensity. Although na ive adult listeners, whe n asked, 

stated that the dif f e r e n c e  between the stimuli was of a 

durational nature, the intensity difference, when noted, 

could be perceived. One cannot rule out the p o s s i b i l i t y  

that the list eners might have p e r ceived the inte nsity 

difference, rather than, or in add i t i o n  to, the temporal 

difference. On the ot her hand, one might ar gue that the 

listeners s u b c o n s c i o u s l y  used an intensity d i f f e r e n c e  in 

order to d i s c r i m i n a t e  b etween the /ba/-/wa/ stimuli, since  

the significant cue in the /ba/-/wa/ c o n t i n u u m  was 

durat i o n a 1 .

Time C o m p r e s s e d  Speech Tasks
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In contrast to what would ba expected by Tallal, tha 

d y alexic raa dara wara abla to parcalva apaach that waa 

coapreaaed 30 parcant aa well aa tha norasla. In fact tha 

dyalaxic children wara found to parfora batter than the 

noraal readers, although not s i g n i f i c a n t l y  so. Slallerly, 

there waa no aig n i f l e a n t  dif f e r e n c e  b etween tha groups on 

the 60 percent condition. However, there was a greater 

d if f e r e n c e  between the dy a l e x i c  c h i l d r e n ' s  p e r f o r a a n c e  on 

the 30 percent and 60 percent tasks than was the case for 

the noraal readers as revealed by the significant 

Interaction (see Figure 25). Thus it appeared that the 

d y alexic children were sore affected by the 60 p ercent tiae 

c o a p r e B s e d  condition. This finding eight have been due to 

the dyslexic c h i l d r e n ' s  greater d i f f i c u l t y  with degraded 

atiauli. Given that the dy s l e x i c  c h ildren perforaed 

slightly better than the noraal readers on the 30 percent 

condition, one wonders whether the d i f f e r e n c e  in perforaance 

in the 60 percent c o ndition would have reached sig n i f i c a n c e  

were the grou ps e quated in p e r f o r a a n c e  on the 30 percent 

condition. That is, if the dys l e x i c  c h ildren had perforaed 

slightly worse on the 30 percent c o ndition (which can be 

seen as a baseline) they sight als o have p e r f o r a e d  slightly 

wo rse on the 60 per cent c o n dition and thereby s hifted the
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lack of s i g n i f i c a n c e  Into a sig n i f i c a n t  laval. In addition, 

it la intaraating to not* that tha two c h i l d r a n  who 

perforaed the worat on the 30 parcant c o n d i t i o n  alao 

perforaed the worat on the 60 parcant condition, le. subject 

4 and subject 8 aa can be seen in Figures 26 and 27.

Brief Taaporal Proceaaing

Despite the fact the dy s l e x i c  children had trouble 

processing temporal speech cues there was no e v i d e n c e  to 

support the view that poor rea ders have * deficit proceaaing 

"brief" temporal inforaation in general as s u ggested by 

Tallal. Although the dyalexic ch i l d r e n  were less efficient

the normal readers, thia result alone was not conclusive.

The dyslexic children were able to per c e i v e  brief temporal 

information, i.e. atimuli with short transitional dur a t i o n s 

(the /ba/-/wa/ identification task) and stimuli in which 

there was a brief voice on aet time (the /da/-/ta/ 

i d entification task). Th ere were no d i f f e r e n c e s  between the 

groups in the slopes of the iden t i f i c a t i o n  task functions.

In addition no stimulus had to have a longer tra n s i t i o n  to 

be labeled as /ba/ or to have a longer vo ice onset time to 

be labeled as /ta/ by the d y slexics as co m p a r e d  to the

at the phonetic information, aa com p a r e d  to
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n o r M o l s . In addition, in co n t r a s t  to what would bs expected 

by ths arg u m e n t  offsrsd by Tallal, ths groups did not diffar 

on a task in which apaa ch was cos p r s s s s d  in tias by 30 

percent. If anything, ths poor rsadsrs wars sosswhat sore 

a ccurate on this task.

Phonetic P e r ception

The d y s l e x i c  childran appeared to have sose d i f f iculty 

pr o ceaaing phonetic inforaation. Thia was d s s o n a t r a t s d  by 

the findings on the /ba/-/wa/ and /da/-/ta/ d i s c r i a i n a 1 1 on 

taaka and waa suggested by the results of ths 60 percent 

tine com p r e s s e d  speech task condition. In addition, support 

was given to the notion that ths deficit was s p e c i f i c  to 

phonetic inforaation. This was shown by ths fact that the 

dy a l e x i c  childran perforaed equ i v a l e n t l y  to ths normal 

rea ders on the nonapeach d i e c r i * i n a t i o n  task.

In reflecting upon the reas on for the d i sparity between 

the p e r f o r m a n c e  of tha dy s l e x i c  c h ildren on the 

iden t i f i c a t i o n  and on the d i s c r i m i n a t i o n  tasks two 

p o s a i b i 1 itiea come to mind. 1) The d i s c r i m i n a t i o n  task is 

mor e p e r c e p t u a l l y  d e manding than the i d entification task.

On the d i s c r i m i n a t i o n  task the perception of the information
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must be more "exact." since a subtle c o m p a r a t i v e  judgement Is 

n e c e a s a r y . 2) In the d i s c r i m i n a t i o n  task, there Is a

gre ater load on memory. Rather than immediately responding 

to one item, the listener has to hold two items In memory 

long enough to c ompare the information. Both of these 

p o s s i b i l i t i e s  are c o n g r u e n t  with notions presented In the 

introduction. These children do not display clinically 

obv ious linguistic deficits. Therefore, any perceptual task 

d e s i g n e d  to reveal d eficits must stress their pro c e s s i n g 

skills. It might be that the identification task, the less 

d e m anding of the two types of tasks, was not s u f f i c i e n t l y  

s t r e s a f u 1.

It is d i fficult to s e p a r a t e  the pe rceptual and memory 

d e m a n d s  of the d i s c r i m i n a t i o n  task. As a result one might 

argue that it is im possible to know whe t h e r  the d y s l e x i c 

c h i l d r e n ' s  d i f f i c u l t y  with the d i s c r i m i n a t i o n  ta s k s  was of a 

perceptual nature or the result of a deficit in short term 

memory for pho n e t i c  information. The arg u m e n t  that the 

deficit waa specific to memory p r o c e s s e s  wo uld seem to be 

c o m p e l l i n g  in light of the fact that the chi l d r a n  did not 

have trouble with the i d e n t i fication task. However it seems 

r e a sonable to p ropose that the l i m itation was in part 

perceptual, i.e. that the ch i l d r e n  were less e f f e c t i v e  at
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registering the ^i.onatic Information and tnla in turn had an 

effect on memory processes. The r e asoning is as follows.

It is clearly the case that dy a l a x i c  c hildren can hold 

a sequence of two s y l l a b l e s  in memo ry long enough to decide 

whether the s y l l a b l e s  are the same or different, e.g. " c a t ” 

and “h a t ” . In this res pect the memory demand made by the 

d i s c r i m i n a t i o n  task was of a minor nature. On the other 

hand, there were only subtle dif f e r e n c e s  be tween the stimuli 

in each pair on the disc r i m i n a t i o n  task, and the liatener 

waa required to make thia p e r c e ptually subtle d iscrimination 

judgement. Given, the task demands of the A X paradigm it 

would seem that on the surface, the memory demand waa 

relatively minor as compered to the perceptual demand and 

therefore that the perceptual demand c reated the difficulty.

It is possible however, that a perceptual impairment might 

have affected memory proceaaing. The f o llowing study ought 

make this last poi;.t clear.

Rabbitt (1966) d e m o n s t r a t e d  that the eff i c i e n c y  with 

which an input is p e rceived can have c o n s e q u e n c e s  for 

memory. He found that normal ad u l t s  had greater difficulty 

r ecalling s e q uences of digits pre s e n t e d  in wh i t e  noise than 

s e q uences of digits presented with no-nolae, de s p i t e  the
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iact thet they were able to acc u r a t e l y  repeat the dlgita in 

no ise when they were presented individually. Thus, ie»ory 

p r ocesses were found to suffer because of the increase in 

the perceptual demand of the etisuli. Rabbitt argued that 

the r e s ource® required to perceive the sore d e m anding 

information load (i.e. the noisy sequence) reduced the 

re s ources which were required for memo ry processing. Thus 

al though memory p r ocesses were affected the source of the 

dif f i c u l t y  was perceptual in nature.

One additional possibility is that the poorer 

pe r f ormance of the dyalexic ch i l d r e n  on the d i s c r i m i n a t i o n  

task (as compared to the identification task) was due to 

attentlonal factors since the d i s c r i m i n a t i o n  task waa the 

longer of the two tasks. However, wh ile attentlonal factors 

may have played a role in their poor performance, it is 

unlikely that this factor alone created the effect si nce the 

dyslexic children performed e q u i v a l e n t l y  to the normal 

readers on the n o nspeech d i s c r i m i n a t i o n  task.

The dys l e x i c  c h ildren in this study ap p e a r e d  to have 

the most difficulty with the more d i fficult tasks. For 

example, they did not have t rouble with tha identification 

but they did have trouble with the d i s c r i m i n a t i o n  tasks.



79

Further, they had more d i f ficulty dis c r i m i n a t i n g  the 

/ba/-/wa/ atimuli than the /d«/-/ta/ atiauli. They had a 

tendency to perform worse on the feO percent than the 30 

percent condition. It might not be that that dyslexic 

children have trouble with particular acoustic cues but 

rather that their difficulty arises when their perceptual 

system is stressed. The findings of Brady e t . al. (1985) 

are consistent with thia notion. Aa noted earlier, in their 

study, poor r eaders were found to have difficulty perceiving 

p h o n e tically d e m anding stimuli. Good and poor third grade 

readers were compared on repetition tasks which varied in 

d if f i c u l t y  (monosyllable, multisyllable, and ps eudoword 

stimuli). While the groups were found to perform comparably 

on the easier m o n o s y l l a b l e  word list, the poor readers 

performed significantly worse than the normal readers on the 

mul t i s y l l a b l e  and pseudoword lists.

This noti on is also consistent with earlier studies of 

speech perception and reading. Aa m e ntioned in the 

introduction, Brady e t . al. (1983) found that although good 

and poor r eaders p e r formed similarly on a speech perception 

task in quiet, the poor readers performed worse when noise 

was added. Thus, when their perceptual c a p a b i l i t i e s  were 

stressed (the speech signal waa degraded) they performed
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less e f f e c t i v e l y . The author* c o ncluded that their speech 

perception skills were less e f f e c t i v e  than the good 

r e a d e r s *.

Since the dy s l e x i c  children did not have t r o u b l e  with 

the identication tasks and their phonese bou n d a r i e s  were 

com p a r a b l e  to those of the normal readers it would seem that 

their difficulty on the d i a c r i • i n a t 1on tasks did not stem 

from a deficit In categorical perception. That la, 

consonant with the per f o r a a n c e  of the normal readers, the 

dyslexic children were able to label the stimuli 

appr o p r i a t e l y  and c a t e g o r i z e  them into l i n guistic groups.

The d i f f i c u l t y  appeared to be specific to d i s c r i m i n a t i o n  and 

the phenomenon is perhaps similar to that found in other 

studies of speech perception and reading, e.g. that reported 

by Brady e t . al. noted above.

Individual d i f f erences

There waa a good deal of variability In the p e r f o r m a n c e  

of ths Individual dys l e x i c  c h i l d r e n  both within and across 

the spee ch tasks. This is best seen in Ta ble 8 where the 

per f o r m a n c e  of the c hildren on the d i s c r i m i n a t i o n  task (pair 

3-6) is rank ordered. On each task, a few of the dyslexic
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children performed within the noreel limita of the normal 

reeding group. For txanpla, In the /ba/-/wa/ teak subject 5 

(D5) end subject 3 <D3) perforaed a l mllarly to the noraela.

The sene pattern can be aeen for aoae of the other dyalexic 

children end on the other taaka. However, poor performance 

on one teak waa not a perfect predictor of poor performance 

on another. For example, although aubject 4 CD4) performed 

poorly on the /ba/-/ua/ teak and the 60 per cent time 

compreaaed apeecli teak, he p e rforaed like the normal reading 

children on the /da/-/ts/ taak. Again, thia can be aeen for 

eome of the other children. The dlveralty of the 

p e r f ormance of the dy a l e x i c  group la not unlike that found 

in other s tudies in the literature (aee Veilutino, 1979). 

That la, it la not uncommon to find that aoae dyalexic 

children perform like normal re ading children on a taak 

which other dyalexic children aelected from the same group 

fail. Nor la it uncommon to find that aoa e d y alexic 

children will fail one taak and aucceed on another that 

a ppeara to aaaeaa the aaae or aia ilar functiona. For 

e x a n p 1e , in a atudy by B radley and Brya nt (1978) 91 percent 

of the backward r eaders made errora on one taak aaaeaalng 

phonetic sop h i s t i c a t i o n  (i.e. where they had to pick which 

waa the odd word out of a gr o u p  of 4 wo r d s  (e.g. nod, rad, 

fed, bed)) and 38 percent of the backward readers failed a
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d i f f e r e n t  task also assessing phonstic s o p h i s t i c a t i o n  (i.e. 

wh e r e  they had to p roduce rhymes for w o r d s ) . Further, what 

IS often seen in clinical pra c t i c e  is that these children 

vary in p e r f o r m a n c e  from day to day.

The d i f f i c u l t i e s  in res e a r c h i n g  the dy s l e x i c  population 

are pe r h a p s  best shown in the subtype literature where 

repeated a t tempts have been made to s u b c a t e g o r i z e  

h o m o g e n e o u s  groupa of children. Cat e g o r i e s  have been 

def i n e d  by various researchers. However it is not uncommon  

to find that large n umbers of c h ildran do not fit any 

category because of their mixed or ove r l a p p i n g  deficits.

For e x a m p l e  Denckla (1973) ualng a s ubtype scheme similar to 

that of Hattie, French and Repin's (1975) found that 70 

percent of the children had either mixed de f i c i t s  or did not 

fit any a priori category (Taylor, Fletcher and Satz (1982).

Read 1ng Ski 11

To recall, on the basis of the Boder teat two groupa of 

dy s l e x i c  readers wer e formed: a d y s p h o n e t i c  and a mixed

d y a p h o n e t i c - d y s e i d e t i c  reading group. H o w e v e r  no 

d i f f e r e n c e s  in perforaance on the d i s c r i m i n a t i o n  or time
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coi p r « B s e d  ipaach tasks wars found bstwsan these two groups.

This was not a sur p r i s i n g  finding si n e *  on* of th* d s finlng  

features of th* group id*ntlfl*d aa "ilx*d" was that thair 

raadlng and spelling errors suggest, lika th o s *  of the 

d y s p h o n e t i c  group, that th*y hava dif f i c u l t y  in tha 

phonological domain. On the other hand, given B o d e r 's 

des c r i p t i o n  of the children In the mixed group (I.e. that 

they are the most di s a b l e d  of the reading disordered 

children), one might expect that they would not do as well 

on the speech tasks as the chi l d r e n  in the dya p h o n e t i c  

group. In light of this, one cannot help but e n t e r t a i n  the 

pos s i b i l i t y  that the Boder test is not valid for p u r p o s e s  of 

subtyping. Relevant to thia is th* finding of God f r e y  e t . 

al. (1981) who did not find p e r f o r a a n c e  d i f f e r e n c e s  bet ween 

dya p h o n e t i c  and dys e i d e t i c  readers.

Future studieB

It appears that dys l e x i c  chi l d r e n  are less e f f i c i e n t  at 

p r o cessing temporal cues in spe e c h  signals. H owever it may 

be the case that their d i f f i c u l t y  is not s p e c i f i c  to 

temporal information but exists for other speech cues as 

well. To test this ona could employ the same paradigm aa 
that used in thi a study with atimuli in which the speech cue
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is spectral in nature, e.g. / s s / “/fa/. In this regard it is 

interesting to note a recent study by Tallel and Stark 

(1961). They found that language disordered children 

pe r formed s i g n i f i c a n t l y  worse on a /•«/ versus /f a / 

c o n t r a s t . (The e x p e r imental paradigm was ex a c t l y  the same 

as that used in their ea r l i e r  studies, no ted earlier.) The 

s y l l a b l e s  used in the study differed s p e ctrally throughout 

130 m i l l i s e c o n d s  of frlcation. Tallal exp e c t e d  that the 

children would not have dif f i c u l t y  since her temporal theory 

su ggests that 130 m i l l i s e c o n d s  la of s u f f i c i e n t  d u ration for 

discrimination. Tallal c o n cluded from these findings that 

the pe rceptual deficit in language impaired children may not 

be limited to d l s c r i m l n a t i n g  spe c i f i c  types of temporal 

cues, but may also Include spectral cues.

In order to lend further support to the noti on that 

dyslexic ch i l d r e n  have a perceptual deficit that Is specific 

to phonetic (as o pposed to auditory) information one ought 

use speech and n o nspeech stimuli that are perfectly  

comparable. Possible can d i d a t e s  are /da/-/ga/ stimuli 

similar to those used in a study by Mann and Liberman

(1983). The speech stimuli in their study were each 

composed of three formant s y l lables in which the third 

formant varied from a transition a p p r o p r i a t e  for /da/ to one
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a pp r o p r i a t e  for / g o / . The n o n speech stimuli were the 

Isolated third f o n a n t  t r a n a l t l o n a  of the /da/-/ga/ aet and 

they sounded like chirps. By using these stisuli rather 

than those used in the present study one e l i m i n a t e s  any 

possible con f o u n d i n g  of intensity.

Since there was a greater spread between the 

pe r f o r m a n c e  of the dy s l e x i c  children on the 30 and 60 

percent time c o m p r e s s e d  task, than was the case for the 

normal readers, it would be interesting to see whether the 

s pread would widen if the demands of the task ware 

Increased. To the aim, it would be useful to include a task 

that is time c o m p r e s s e d  70 percent. That a d eficit for the 

poor readers would be apparent is s u g gested by the falling 

slope of the function for the dys l e x i c  group in Figure 25.

In addition, it would be Interesting to see w hether dysle xic 

c h i l d r e n  have a perceptual d eficit for s p ecific acoustic 

cues, or one that is more general and would ar ise with any 

p h o n e tically d e m anding task. To this aim It would be useful 

to include, in the same study, a variety of pho n e t i c a l l y  

d e m anding tasks, e.g. a filtered speech task, a time 

c o m p r e s s e d  task and a task in which speech is plac ed in 

no i s e .
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Final Riksrki

Although wa do not com p l e t e l y  u n d a r a t a n d  ax a c t l y  why it 

ia that aoaa c hildran hava trouble learning to reed, there 

ia atrong evi d e n c e  that tha ayn d r o a e  ateaa from aoaa daficit 

in langu age ability, and in p a r ticular phonological 

proceaaing. The preaent raaearch landa further aupport to 

thia notion. In particular, it haa baan ahown that aoae 

dyslexic children have trouble d l a c r l a l n a t i n g  p honetic  

information and in perceiving apaa ch cuaa that are temporal 

in nature, i.e. voice onaat time and tranaition duration. 

Although aoaa of the dyalexlc chi l d r a n  ware found to have 

tr o u b l e  p r o c eaaing temporal apaach cuaa there waa no 

ev i d e n c e  to aupport the view that poor readera have a 

deficit p r o c eaaing "brief" temporal information in general 

am auggeated by Tallal. The r a a u l t a  of thia at udy provide 

additional evi d e n c e  that poor readera hava d i f f i c u l t i a a  in 

the phon ological domain.
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Boa , G r a d a ,  Rrecling L a ^ a ]  . IO of S u t i » r t «  In 
D y a l t m c  D a i d l n g  C r o u p

5ub 3a r t Aga C r a d a  R a a d t n g  L a v a l °  10 i » ] i t ) k

1 9 . 5 4 . 7 4 . 20 50
7 « . 7 3 . 7 2.05. 75
3 9 . 4 3 . fl 2 .40 95
4 e. t 3 . B 3 . 30 99
* <3.7 3.B 1 .95) 0 2,5
f. S . 7 3 . 9 3 . 30 92 . 5
7 e . n 3 . 9 1 . 35. 92 . 5
e 7 . 3 2 . 0 1 . 50 99

e F r o *  t hf e v e r e g e  of t h e  r t a d l n g  q r t d «  a c o r * «  c b t * l n * d  or 
t h e  W o r d  A t t a c h  a n d  W o r d  R e c o g n i t i o n  a u b t a a t a  of t h e  tfoodcocV 
F e e d i n g  M a a t t r y  T e m t * .  F o r e  A 
t> P a v e n a  C o l o u r e d  P r o q r a a a l v a  H e t r i c e e
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A g a . G r a d • , F « i d l n 0 L a v a l ,  1 0  of 5 u b i a c t a in 

N o r v i l  F t k d l n ^  C r o u p

S u M * r !  A g a  G r a d *  F a a d i n g  L * v «  la JO C * J J a > ^

1 A . 9 3 . 2 3 ,40 99
7 A. 10 3 . 2 4 .65 99
3 9 . 7 3 . 2 6 .45 99
4 A . 6 3 . 3 4 . 35 99
5 e * 9 3 ■ 7 4 .05 50
6 e . 7 3,0 0.60 90
7 9 , 0 3 . & 6 . 20 97 . 5
e A . 7 3.7 0.40 95
9 0.11 3 . 7 1 0 , 0 0 67 . 5
1 0 0.11 3. e 4 .60 75
1 1 9 . 5 3 . 9 9. 05 99

a F r o *  t h a  a v a r a a e  of t h a  r t k d l n g  q r * d f  i c o r t i  obt • l n « d  on 
t h a  W o r d  A t t a c k  an d W o r d  R t c o g n l t i o n  a u b t a a t a  of t h a  W o o d c o c k  
P a a d i n g  h a a t a r y  T a v t a ,  F o r *  A 
b R a v i n a  C o l o u r t d  P r o g r t t n v «  H a t r i c a a
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Hear, I d e n t i f i c a t i o n  S c o r t i  o n  E a c h  C o n t l n u u *  for 

N o r > * l  <N > a n d  D y * l « H l c  <D) C h i l d r e n

Da - Ta Ba - Wo Shor t Lon q

H E> Ha a n K D Ha*n H D Hean

5 1 1 a u 1u •
1 9Q 99 99 99 97 9* 97 96 9?
7 96 9f 96 ft? 75 61 67 67 67
3 e l 77 79 79 75 77 77 75 76
4 ? 5 4 54 42 46 61 52 57
5 2 5 4 17 17 15 2 3 2Ci 2 1
6 li 0 O & 9 7 26 23 2 -
7 Ei 2 1 3 2 7 9 1 1 Id
6 1 0 0 1 7 1 16 14 15

C r o u p  H a on 3b 36 43 39 49 4 7
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C h a r a r - t a r i i a t l o n  of t h a  I d e n t i f i c a t i o n  f u n c t i o n  a for / d a r - / t a / .

/b * ' - / w a / , 
a nd R a n q #  of

■ her X - l o n g : 
U n c a r  t a l n t y

M e a n  S i o p a ,  C a t e o o r y  B o u n d a r y  
for N c r a a l  and b y a l a x l c  G r o u p *

0* - 7a Ba - Wa S h o r t -L o n g

N o n a  1 D y * l * h l c Nor a a 1 p y i l t v l c N o r a a l  D y a  1a n l r

S l o p e - 1 ,69 1 . 68 - 1 .63 - 1 ,50 - 1 .36 - 1 . 36

Cat pg^r y 26 . 39 2 6  - 4 J 6 0  . 61 5 6  . 94 6 3 . 2 6  6 2.66
B o u n d s  r y

llnrerli int y 29 .59 2 9 . 6 1 30 . 92 34 ,15 3 9 . 0 6  3 9 . 5 2
R a n g e
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m a n  P t r c a n t  of E n d p o i n t *  C o t r f c t l y  I d » n t I f  1td 

for N o n a ]  F a t d l n g  a n d  C y a l o l c  G r o u p *

Bn W a  Da Ta S h o r t  L o n g

Nor an] IOC' 96 . fc ] O O  9 8 . 9  9 7 . 3  8 3 . 8
L'yalaK 1c St, . 9 9 6 . 4  1 0 0  1 O O  9 G . 4 8 5 . 7
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H t m  D l a c r  l > l n a t i o n  $ r n r * a  on Di ~ Ta C o n t  i n u u a  for 

P o r * « l  « n d  D y i l t v l c  G r o u p s

K o r > l  J Pyslsirlc H s s n

Pmtr
1 -4 9fl 9 0 94
7 - 99 9  2 9&
3 k 91 7S 63
4 7 1 1 1 1 3
?> - a 7 1 3 io

G r D u p  H l a a 6 1
C N * 1 1 > t w « e  >



Table 7 1 0 2
P e r f o r a a n r e  of N a n a i  a n d  D y a l t i l r  C h i l d r a n  

o n  Pair 3- t of Dlaarlalriat Ion T a a N : 
a C o r r e c t  D l a c r l a l n a t l o n

S u b j a c t a  t a - w a  Da - Ta S h o r t - L o n g

Nor as 1
1 75  9 3 . 7 5  6 8 . 7 5
2 75  100 1O0
3 6 7 . S O  9 3 . 7 5  75
4 50  75  6 7 . 5 0
5 6 7 . 5 0  10O 75
6 6 1 . 2 5  9 3 . 7 5  6 1 . 2 5
7 75 6 7 . 5 0
6 8 1 . 2 5  lO O 1O0
9 5 6 . 2 5  75 6 7 . 5 0

10 75 i OO 6 1 . 2 5
11 9 3 . 7 5

11 y a 1 a h 1 c
1 25 6 1 . 2 5  6 6 . 7 5
2 5 6 . 2 5  5 6 . 2 5  1 OO
3 6 7 . 5 0  6 1 . 2 5  6 1 . 2 5
4 3 1 . 2 5  I O O  6 1 . 2 5
5 IOO 9 3 . 7 5  75
t 5 0  75 6 1 . 2 5
7 50 4 3 . 7 5
8 5 6 . 2 5  6 6 . 7 5  9 3 . 7 5
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R ft n U O r d f r t d  P » r f n T b i n r «  of N o r a a J <N) a n d  D y a l a x i c  <D>

C h i o n  Pa ir 3 fc of Dlici U l n t U o n  Taafca and O n
30 * n d  b 0* T l a a  C c r p r m i d 5 p * a e h  T a a M a

ia - Wo Da -Ta Shor 1 - Long 30 K to *

hi M 'i P5 H 9
b3 NT> He Db c?
h v HP \a Ni D3
p j H 1 0 D6 Mil hi
Ht- P4 M1 D 3 H 3
N P H 1 H7 C7 HI l
H 1 h 3 NS M3 Db
N 0 He Mfc Mb Rfc
N 1 O H 1 1 M l D NIC

p* D3 N 10 P7
P.? D3 n« Dl
EjP ['1 t>fc p? HI
H<» K4 M3 DP H 7
Df- N7 M*> N I Dl
t ? N9 C? N 4 N4
[»4 Dfe Ml H3 N©
D1 P? D l P4 P3

DS H© D©
P? H7 D4
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[>l i r r  ) *  i n a t  1 on  S c c r # *  on t l a - W#  C o n t l f i u u *  f o r  1 0 4

h o r a t l  t n d  P y a l a x l c  G r o u p *

N o n i J  D y a l a u l e  Ha a n

P a i r
1 - 4 47 41 41
7 - 3 77 5 3 6 3
3 (. 74 37 6 6
4 7 57 39 46
5  - B 7 7 19 21

G r o u p  h f i n 3  3 47
< X • 9 > ( N < « )
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Dl ftrr 1 ion S c o r n  on Sh o r t  - L o n o  C o n t i n u u m  t or

P o r a a l  a n d  D y i l t x i c  C r o u p *

Kor••J DyaJayic Maan
Pal r

1 -4 S3 79 66
7 *> SG 77 67
3 -fc 64 • 3 63
a 7 73 74 73

e 19 31 2^
G r o u p  H a a r 7 2 69

( N * J O > < H ■ 7 )
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30* 60*

Norm* I 
L'yftltxlC
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93. 1 2

© 7. O O  
63. 50 
65, 25

•9, 5 0  
©a. 75
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N o r e a l  a n d  Dyaletclc C h i l d r e n
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e
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