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Abstract

SPEECH PERCEPTION IN DYS3LEXIC CHILDREN
by

Sherry Lynn Pallay

Advisacr:. Profesasor Jeffrey J. Roaan

There ia atrong evidence that at leaat some forms of
reading disability satem from a deficit in language and 1in
particular phonological proceasing. Poor readers have been
mhown to have short term mesory deficita for phonological
information, to lack a linquistic awareness ©of the phonetic
atructure of words, to have difficulty perceiving speech 1in
noiae, and to have trouble perceiving accustic cuea for a
place diatinction. Thia atudy was undertaken to further
inveatigate theae lssuesa. In particular, the aim was to
inveat igate whether aome poor readers have a deficit of
phonetic and/or temporal perception. Two related but
differing hypotheses were astudied. One 1is that dyslexic
children have a perceptual deficit that is specific to
phonetic information. The othar is that these children have
a dimorder ©of temporal perception (i.e. a difficulty
proceaning brief information) that is not apecific to
phonetic information but is in fact based on a disorder of
nonphonetic perception. Such a deficit would affect phonetac

procesasing because rapidly occurring information ia



chareacteriatic of apeech sounds. To thia end, dyslexic and
normal readera were compared on three spesch and one
nonapeech task. Al]l required temporal processing. One
spesech taak required identification and diacrimination of a
/ba/-/wa/ continuum, varying in the firast formant transition.
A second speech taask consilsted of e /da/-/tas continuunm
varying in voice onaset time. The nonspeech taak conaiated of
the isclated firamt formant transition from the /ba/-/wa/ set.
A third apeech task required the perception of worda which
were compreased in time by 30 and 60 percent. Although the
groupe did not differ in performance on the identification
tamka, they were found to be aignificantly less efficient at
diacriminating the phonetic informaticn as compared to the
normal readers. In addition, they were fcound to be amcre
adveraely affected on the 60 percent time compressed task
than the normal readers. In contrast, the groups did not
differ in performance on the nonspeech disrcrimination task.
The findinga support the notion that some dyslexic chlildren
have a perceptual deficit that ia specific to apeech.
Although evidence was presented that gsome dyslexic childran
are leas efficient at diacriminating temporal apeech cues
there was no svidence to aupport the view that poor readers
have a deficict processing "brief” temporal information 1in
general. The reaults provide additionel evidence that some

poor readera have difficulties in the phonological domain.
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INTRODUCTION

Some children learn to read sasily; others have
conalderable difficulty. Although in many cases the reason
for a child‘s reading disability aeems readily apparent,
(e.g. the result of environmental influencesa or nsurclogical
inault) in other cases the cause ia less well]l underatood.
That ta, deapite the fact that children may appear otherwise
indistinguiahable on medical, intellectual, educational and
culturasl variables they may none the leasa differ greatly at
becoming successful readers, The reasona for thia disparity
are open to question. The anawera are of interest to
reaearchera who attempt to undersatand the cognitive
development and function of the brain, to sducatoras and
parents who look for ways to teach theae children and to
children who atruggle to learn to read like their normally

reading peers.

It ia generally agreaed that reading disability in a
large majoraity of children arises from a disorder of verbal
procesaing (Vellutino, 1979; Stanovich, 1986). This notion
has been widely acceptad for a number of reaacns. One,
thecries arising from this perapective make intuitive sense.

Reading seems to be a predominantly linguistic sakill since



teaxt is essentially language in written form. Thearefore a
difficulty in learning to read would be most likely to arise
from a disorder at some lavel of linguistic processing.

Two, many of the theoriesa which are in line with thia view

are supported by good smpirical svidencs.

Although many language proceases are involved in
raading, one area which has become particularly desarving of
invaatigation, for the atudy of dyslexia, is apesech
perception. There are several! reasonsa for this. All
language depends upon speech perception since apeech ias the
building block upon which worde are made. A deficit at the
leval of spesech perception would be likely to hinder
language learning and in turn, reading ecquisition. That
ia, in order to bhe able to decode printed saymbols the reader
muat be able to (1) eatabliash phonetic or sound
represaentationa of those aymbola, and (2) have a
sophisticated awarenesa of the phonetic structure of words.
Previous work has demonstrated thet children who are poor
raadera have trouble using a phonetic code in procesaing
language and lack s sophisticated aswareness of the phonetic
structure of words (Mann, 1984). It would saem that a
deficit at the level of apeech perception might contribute

to theae difficultiea. That ia, a perceptusl difficulty



might limit the degree to which one could become a maaterful
vaer of phonclogical information as is required in reading

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

It 1a the purpose of thia atudy to inveatigate whether
acome poor readers have a spesch perception deficit. Two
related but differing views will be axplored aince they are
particularly relevant to the study of apeech perception in
dyalexic children. One isa that these children have a
perceptual deficit that ia specific to phonetic information.

The other is that these children have a diaorder of
temporal perception ({i.e&. a difficulty procesaing brief
information) that isa baaed on a disorder of nonverbal
perception. Such & deficit would affect phonstic processing
becauese rapidly occurring information is characteristic of

apeeach sounda.

Thie introductory chapter will bhe organized as followa:
One, evidence will be presented that phonological
processing playas a particularly important role in reading
acquiajition and that some reading disordered children have
phonclogical deficits. Two, the view that reading
disability may stem from a apeech perception dysfunction

will be diascussed. A discussion about the complex nature of



apeech and the ralationship between spesech and print will be
presented. In addition, satudiea of speech perception and
dyslexia will be reviewad. Three, reasarch will be reported
to support an alternative view that reading disability may

asten from a temporal deficit.

BACKGROUND OF THE STUDY

Dyalexie and Phonological Processing

Although it is generally agreed that many linguistic
proceasases are important for reading, there is evidence that
phonological procesaing plays a particularly asignificant
role,. Thies notion gaina support from atudies by Fowler,
Liberman, and Shankweiler (1977) and Fowler, Shankweiler and
Liberman (1979). In theae atudies the reassearchersa analyzed
the oral reading errora cof beginning readera, reascning that
cral reading patterns might offer aome information about the
way printed worda are proceased. They found that when a
child made conaonant subatitution errora the aubatituted
consaonant often ahared cone or two phonetic distinctive
features with the intended consonant, e.g. the children
would tend to aubstitute /t/ for /d/ (which aharea two

distinctive features, {.e. place and menner) rather than for



/f/ (which doea not share thase features with /d/5. It waa
reasoned that since the errors were phonetically related to
the intended conacnants the resaders must havae coded thas
information phonetically. Further, the authors suggeated
that the input might be in a form that resembles a phonetic
faeature latrix[ Alternatively, when the children made vowe]l
errore they tended to substitute phonological asgmants that
had some relation to the orthographic pattern of the
letterasa, i.e. they tended to subatitute aocounda that were
orthographically posaible if placed in a differant contaxt
(e.g. they would be more likely to pronocunce the sagment
(have) as=s (heI{ than aa /hev/, presumably because the
phoneme [é£ typrically correaponda to tha vowel spelling
(a-e), while the phoneme /¢c/ dosa not). The authors noted
that the differences in the arror patterns between

consonants and vowela were congruent with the fact that they

2
form different phonetic clamses in apeech.

Additional evidence to support the view that reading
involvea phonological proceasing comas from studies which
focus upon the contribution of ahort-term memory to the
reading procea;% For example, Conrad (1964, 1972) auggeated
that normally daveloping and mature raaders code words

phonologically when they read. In one of his studies



(1964, children aged three to aix years ware compared on a
mancry task in which they were required to recall sets of
rhyming (R} and nonrhyming (NR) verbal iteamsa. The R set
contained itema such aa cat, rat, bat. Thea other seat,
coneisted of jitems much as fish. apoon. girl- Conrad found
that up to the age of five, children recalled R and NR itema
egqually well. However, children older than five, like
adulte (e.g. Baddeley, 1966}, recalled NR itema
significantly better than R itema; that is, they made more
errore when recalling stringa of itema that rhysed than
thoae that didn't. Conrad concluded that the older children
musat have proceased the words phonologically since the
phonological characteristica (rhyming? of the itama appearaed
to adveraely affect their perforsance. He reascned that if
these children were not using a phonetic coding strategy,
they would not have been soc sensitive to the phonetic
characteriatica of the words to be mamorized. In contrast,
the younger children were not affected by the phonetic
characteristics of the rhyming set, i.e. they were

apparently not using a phonetic code as etfectively.

If it is the case that phonological procesaing is of
cardinal importance in learning to read, then it would

hecessarily follow that reading disability in some children



may be caused by a deficieancy in phonological processing
ability. There are a number of studies which lend support
to thia hypotheais. In general, two aresas of reasarch have
focuased upon this issue: ona group of satudies has ahown that
baeginning poor resadera are deficient in linguistic awareneas
of the phonetic atructure of words (i.e. they sesem to be
leas aware of the internal phoncological atructure of wordas,
and thua find (it difficult tc analyze a word into its
component parta); the other group of studies has ahown that
poor readers tend to be inefficient at using a phonetic code
in short-term memory. A discussion of aome repreasntative

atudies will be preaented below.

It has generally bean found that poor readers lasck an
awareness of the phonetic structure of words. For example,
when given wordas to rhyme (@.g. ball, mouaa) poor readara
have been found to be asignificantly leas eble to produce
rhymes than good readers {(Bradley and Bryant, 1978).
Similarly they have been shown to be less aware of the
sounds 1n wordae, .. that skaet/ and /kau/ start with the
same phoneme or that /kaet/ endsa with /aet/ (Fox & Routh,
1975; Golinkoff, 1978;:; Rosner & Simon, 1971; Savin, 1972).
lLikewisa Savin (1972) demonstrated that poor readers have

greater difficulty learning phonological word games, &.9g.



Pig Latin. In addition, it has bean shown that tasks
requiring the manipulation of syllables or phonemes 1n a
word can predict future reading ability (Mann and Liberaan,
1982). (This laet study will be discussed in greater detail

below.?

In addition to inferior metalinguistic akills, studies
of reading ability and short-tara memory hava indicated that
poor readers are less efficient at using a phonetic code in
processing language,. For example, Shankweiler and Liberman
(197¢) and Shankweller, Liberman, Mark, Fowler and Fischer
(1979) axtended Conrad’s (1964) studies (noted above) to
groups of good and poor readers. These authors proposed
that children with reading disabjilities may hava a problenm
uaing a phonetic memory strategy (i.e. coding incoming
information phonetically)}. In their satudy aecond grade good
and poor readers were given a taak in which they were
required to recall strings of consconants whose nawmesa rhymsd
(eg. BVTCP) and strings of consonants whose names did not
rhyme ‘e.g. XWQRH)», They found that the good readera werse
negativaely affected by rhyme (phonetic confusability?}. That
isa, while they performed batter than the poor readers con the
nonrhyming liats their performance on the rhyming sets

declinaed to about that of the poor readers. It was



auggested that the poor readers made lesa affactive use of
phonetic representation aince they did not profit from a
reduction in phonetic confusability. This pattern was sean
whether the stimuli were presented visually or auditorilly
(Shankweller, Liberman, Mark, Fowler and Fiacher, 1979).
Subsequent work by other investigators supported the view
that poor readers perform poorly on taaka which resquired
recall of other linguistic informstion. For exampla, Mann,
Liberman and Shankweller (1380) found that poor resdera had
ahort-term memory deficita for word stringa and for
sentencesa. In their atudy the aubj)ecta wera again asacond
gradera with good and poor reading akilla. This time thaey
ware asked to recall phonetically confusable and
nonconfusable word strings (a.g. sing, ring, sting, king,
wing v.a. alip, time, thought, pill, top? and alao
phonetically confusable and nonconfusable sentences (e.g.
"Kate ate a ateak and a plate of date cake that Jake baked."
va. "Sam drank a coke and a glasa of fruit punch that Joan
nade."). The same pattern of results was demonstrated with
both typea of atimull. The poor readers appeared to he
relatively insensitive to rhyme, and thus to the phonetic

characteriatica of the stimuli.

Nann and Liberman (1982) investigated both linguistic
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awareneaa and phonetic coding in memory in poor rasders.
They found that reading auccess in firat grade could ba
predicted by a child’a performance in kindergarten on a taak
requiring phonological awareneaa (i.e. a syllahble
sagmantation task in which the child was required to count
syllablesa in a word by tapping) and on & verbal short-terms
memory task (where the child had to recall phconetically
confusable and nonconfusable word stringad. The children
who became good readeras in first grade (as measurad by
teacher ratings and subtesta of the Wococdcock Mastery Test)
tended to be more "phonetically aware' (capable of
segmentation), to perfors better on the nonrhyming word
stringa (than on the rhyming strings), and to be more
penalized by phonetically confusable worda in both
kindergarten and firat grade. In contraat, performance on a
nonphonetic ahort-term mesory taask (i.e. on Corsi blocka
sequencen; Corai, 1972) did not corralata with firast grade
reading akill. The authors suggested that since phonetic
coding was not required on the Corsi taak, the poor readers
were not deficient. That ia, their nonlinguistic memory
capabilities equaled that of the good readers. These
findings were ccocnsiataent with those of Liberman, Mann,
Shankweiler and Werfelman (1982) who found that good and

poor readers did not differ on taska requiring short-ternm
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memncory for facea or nonaence deaignas (seses alac Katz,

Shankweiler and Liberman, 1981).

The reason why poor readaers have difficulty with the
phonclogical componenta of worda is open to quasation.
Shankweliler et. al. (1979) suggesat that the deficita of poor
raaders might satem, at leaat in part, from a disorder in
phonetic perception. They reasoned that if a apeech signal
wag not adequately perceived, one would be inefficient at
representing and retaining the phonetic information. They
noted that a speech perception deficit would necessarily be
subtle, and only appear with demanding techniques, saince
reading problems are oftan present in children who have no
obvious apeech perception difficulties. In particular it
was suggesated that aynthetic speech sounda such as those
used with adults be used to investigate this issue. The
advantage of uaing taaka of thia sort is that one has
precise control of atimulli since a single acoustic cue can
be varied. Further, linguistic redundancy and contextual
Ccues can be virtually eliminated so that the tashk is
demanding and stimulus-specific. To further diascuas these
issues, it will be necessary to digresa a bit to consider

the nature of apeech and its relaticonsahip to reading.
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Speech Perception

Researchers inveatigating the properties of speech have
been extremely successful at isolating many of the acouatic
cues which provide the basis for segmental (consonant and
vowel) perception. Experimental work, beginning 1in the
1950°a, commonly used synthetically manipulable
apectrographic diaplays to analyZze the asounds of apeech.
Procedurea were developed wheraby one would synthesize an
approsimation of & apesch aound, make specific changes in
pertions of the acoustic signal and then obaerve the affect
of the change con the identification of the aocund. In thia
way many acoustic cuea were identified which appeared to
contribute critical information for the ifdentification and
diacrimination of speach sounds. Three inatancea of cues
that were discovered by uaing these techniques are ahown in
Figurea 31, 2, 3. In all of the patterns, time is shown
alcong the ordinate and frequency along the abaciassa. In the
firat case the perception of the acund varies from /da/ to
/ta/ with a change {in the timing of tha onast of the firat
for-anf*ralativ. to the second formant. When the Fl occurs
before or alightly after the onset of F2 /da/ is heard;
alternatively, when Fl onaet occursa after the onset of F2

/ta/ {ia perceived. The acoustic cue, therefore, is temporal
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in nature (Liberman, Delattre and Coocper, 1958). In the
ascond case (Figure 2) the perception of the socund variesa
from /ba/ to /wa/ am the duration of the initial formant
tranajtions increase. Liasteners classically cetegorize the
signal aa /ba’/ if the duration of the frequency change in
the Fi1 transition is less than 40 milliseconds. When the
duration of the frequency change is extended to
approximately 40 to 30 milliseconda the ayllable is
perceived as /wa/. Again the cue is temporal in nature
(Liberman, Delattre, Geratman and Cooper, 19%56; Hiller and
Liberman, 1979). In the laat case (Figure 3), the
perception varies from /ba/ to /da/ to /ga’/ depending upon
the direction of the F2 transition. If the F2 transition
rismea /ba/ isa perceived; if the transition remaina
relatively flat /da’/ le perceived:; if the tranaition falls
/ga/ lia perceived. In thia case the cue is nontemporal in

nature, i.e. direction of F2 transition.

Spaech ias Complex & The Alphabet is an Abatraction From It

If it 1is the case that reading depends merely upon
adequate apeech perception, then why should it be
potentially difficult to scquire? This will be elaborated

upon below but in general the reasoning is that (1), theras
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are a number of different characteristics of apsach that
nake it complex and potentially difficult to process and
(2), reading acquliaition not conly depands on this knowledgae
but requires an additiconal transformation that is not
atraighiforward. Two reascna are firat pressented as to why

speech is recognized as complex.

1) Speech ils not a simpla cipher, as i1a a phonetic
alphabet where cne scund is represented by a aingle letter,
but ias instead a code (Liberman, Cooper, Shankweiler and
Studdert-Kennedy, 1967). Each aegment of the acoustic
aignal canncot simply be converted to a corresponding speech
sacund in a one-to-one fashion. Rather, listeners must
aomehow restructure the information which the ascouatic
aignal comprises in order to represent it phonetically. One
reaacn for this ias that phonetic segments are often tied
tocgether acoustically in the ayllable, i.e. they are not
discrete like alphabetic characters. Easentially, listeners
muat exploit the diverse acoustic properties which are
acattered acroas the acoustic signal in order to form it
into a phonetic percept. The following example diacussed by
Liberman, Mattingly and Turvey (1972) (sse Figure 4) should
make this point clear. The labial articuletion /b/, which

is the firat phonetic sagment in the apoken utterance
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/baeg/, i8 represaented in the acoustic signal by the initial
two-thirda of the second formant. It apans the firat and
middle sections of the spectrographic diaplay of the
acouatic aignal. That this ia so can be ahown by the fact
that 1f the utterance ia changed from /baeg/ to /geaeag/ there
is a correaponding change in the diaplay et the firat two
thirds of the second formant. The same holds true for the
final consonant /g/, at the sacond two thirdae of the second
formant. Similarly, the vowel /aa/ is repreasanted
throughout the aecond formant which extends across the
entire utterance. Again, if the vowel ia changed from sae/
to /17 the entire formant is altered. Thus phonetic
information about each segrmeant ia smeared across the antire
ayllable and much of the information about the adjacent
aegments contalined in the aignal is presanted to the

liatener aimultaneously.

2) Speech aegmenta do not occur in specific unvarying
forma. Tha acoustic atructure of a apasech sound can vary
depanding on the person who is producing it or the context
it is produced 1in. Rate of articulation can also influence
the acoustic ahape. The perceptual reality of msome of thia
waas demonstrated in a aimple experimant (as described in

Denesa and Pinson, 1963). A group of adulte was presentad
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with & word which wasa placed in different lingulstic
contexts. The lisatenersa identified the word as "bit*,
“"bet™, or "bat"” depending upon the context. Sc although the
acoustic structure of the presented word did not change, the
liatener’a perceptions did. Thus, one can see that the
aignal! ia highly and complexly encoded; there is no strict
one-to-one correspondence betwesen the acoustic and phonaetic
represantation of the linguiatic message and the ahape of
the phonetic segment (s highly influenced by ite context.

It aeemas that linguiastic information is represented at two
lavels of processaing in different forma and the task of the
listener or apeaker ia to produce the complex match. In
order to perceive the acoustic signal in a linguistically
relevant way, some type of recoding must take place.

(Liberman, 1970; Liberman, Mattingly and Turvey, 1972).

Although an alphabetic orthography repreasenta aspeech,
it ias actually an abatraction from apeech and the
relationahip can be difficult for the child to interpret
(Liberman, 1982). Scoma of thim comea from the fact, aa
noted in thia chapter, that phonewmes are not represented asa
diacrete segments in the acoustic atream, as they are in the
alphabet. For example, although the word “cat* ia

represented in one aegment in the acoustic asignal, the
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beginning reader muat learn to divide it into three phonetic
segmenta (i.e. cuh, a, tuh (Ekhé?4iitj*jth91)). Howaver the
process becomea even more complicated in that the asegmenta
have to then be recombined. If the child merely raeaads
latter by letter s/he might attempt to connect cuh, a, tuh
ﬁﬁa +58q7*_ﬁ5 i ) and read cuhatuh (kaﬂaathaj). The child
muat come to realize that the three segments must, in a
different way, be recombined. Thua, in practice, the
beginning reader must be able to baoth isolate and chunk the
relevant information. This ia a mskill that ia above and

beyond that required by the liatener. For example, the

competent listener can hear the difference between the words

cat and ""hat' yet be completely unaware that they are each
composned of three phonemic asegments, Further, the lisatener
doea not have to become consciocously aware that the initial
phonemes differ. However, the beginning reader must be
explicitly aware of these facts, eapacially during the
decoding stagesa of reading. This akill requires linguiatic

awaraeness, and as noted previocusly, poor readers appear to

lack auch awarenesa (Mann, 1984).

In order to become a sophiaticated user of phonological
information and make the link between apeech and written

language it would seem necesaary to be keenly aware of
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apeech aocunds. In particular, it is suggested that a child
ahould have perceived sapeech well and have satored the scunda
a/he perceived in reliable form. Uaing this atore, the
beginning reader could then link what a/he asees with what
a/he knowa. If the child haa difficulty in the perception
of theae aocunde then it would seem to follow that problems

would arise in reading.

Phonetic versus Auditory Procesaing

The notion that reading disebility is a language
related disorder, i.e. apecific to apeech, comea from
studies comparing readera on vaerbal versus nonvarbal taske
aa noted above. The distinction made between language and
other auditory information comesa from a compariaon of
psychophyaical and phonetic atudies of saspeech perception.

Some of this literature will be reviewad here.

It has often been suggeated that apeech perception
requires a special mode of procesasing which is distinctly
different from that which is reguired foxr auditory
processing. Researchers in support of thias view generally
partition sounds into those which are linguistic and those

which are not. The pmychological reality of thias
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distinction can be sesen toc some extent in the following
exanple. Although the encoded socunda of speech are
trananmitted in an acouatic form they are not perceived as
auditory atimuli. That ia, one doas not hear, for example,
the frequency changes in the formant tranaition of the stop
conaonant, Instead a linguistic event is heard. If
however, the formant transition is isclated, it is heasard as
a chirp or gliasando and the linguiatic event myateriocualy
disappears. Thua two percepts are derived from the same
acoustic aignal (Liberman, Mattingly and Turvey, 1972).
Additional evidence for the reality of the phonetic-suditory
distinction is given by studies demonstrating the pheanomenon
of categorical perception (Studdert-Kennedy, Liberman,
Harria and Cooper, 1970)>. It haa been conaiatently shown
that listenera tend to perceive ancoded apeech scunds aa
“"categorical linguiatic events', They tend to diascriminate
conacnant aocunds that are perceived as belonging to
different linguistic categories and they do not clearly
discriminate sounds belonging to the same linguistic
category, even though the physical differencea between the
membera of the two seta of consonanta are the same. This
type of responding ia qualitatively different from they way
nonapeach sounds are perceived. In nonspeech, many more

atimuli can be discriminated than can be labeled and the
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ability to discriminate s not usually dependent on

cateqgorical 1dcntification§
Speech Perception and Dyslexia

Aa noted above there is consaiderable evidence that aore
poor readers have difficulty with the phonetic aapecta of
langumge. Why this is ao remajins to be determined. It ia
conceivable that the problem liea in the perception of
apeech (1.e. the acouatic cuea) asa noted above. Clearly the
problem must be subtle aince reading disordered children

often do not evidence obviocusa oral language difficultiea.

In support of the theory that poor readers have aome
deficit at the level of apeech perception, Brady,
Shankweliler and Mann (1983) found that while good and poor
readers performed similarly on a apeech perception taest in
quiet, they performed differently when noise was added.
That ias, poor readera performed significantly worse than
thelr better reading peera when apeech waa placed in nolse.
Thue, when their perceptual capabilities were satreased (the
speaech signal waa degraded’ they had problenms. Apparently
their speech perception akills ware leas efficient than

thoae of good readera. Further, the difficulty could not be
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attributed to group differences in vocabulary level: worda
of both high and low frequency of occurence ware uaed, and
the effect of this variable was comparable for both reading
groups. In addition, the suthors suggested that the
parceaptual deficit was specific to speech since the groups
did not differ on an "environmaental aocundsa' perception teat.
In & more recent atudy, Brady, Poggie, and Merlo (1985)
found that poor readera also have difficulty perceiving
aspeech preaented without noise i{f the atimull are
phonetically demanding. Good and pcor readers were compared
on repetition teska which varied in dtfficulty:
monoayllabic, wmultiasayllabic, and pseudoword stimuli wvere
employed. While the groups were found to perform comparably
on the monoayllable worda, the poor readers performed
aignificantly worse than tha normal raaders on the

nultisyllable and pseudoword atimuli.

One way to study perceptual processing in good and poor
readers is to lock at categorical parception. There have
only been a few atudiea which have attempted to do this.
These studies have used identification and discrimination
speech tasks to investigate the relationship betweaen
dyalexia and apeech perception and their reaultsa are

conflicting (Brandt and Rosen, 1980; Godfrey, Syrdal-Lasky,
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Millay and Knox, 1981)>. Brandt and Rosen (1980) compared
the performance of 12 dyslexic and 4 normal reading
controla, ages 8-12, on CV ayllable ideantification and
diacrimination taaka. One seriesa varied from /da/ to /gas
in eight steps by agual increases of the starting frequency
of the third formant. The other seriea varied from /ba/ to
/da/ by changes in the sterting frequencies of the second
and third formanta. The investigators did not find
significant differences between the dyslexic and normal
reading groups on either of the apeeach parception taaks.
However, Godfrey, Syrdal-Laaskey, Millay and Knox (1981)
auggested that the atatiatical analyaea ware jincomplete in
the Brandt and Rosen study and that a perceptual difference
in performance between the groups aeemed likely from an
inepection of their published data. They noted for example,
thet in the Brandt and Roaen atudy the discrimination peaks
of the dyalexic subjecta waere lower than thoae of the normal
subjecta. However, the only atatistical comparison that
Brandt and Rosen made on the discrimination test was correct
“"same’ diacriminetion reaponse. The only group comparison
that they made on the idantificetion tasks was that of
phoneme boundaries. Using the same types of stimuli as that
used in the Brandt and Rosan study Godfrey et. al. compared

the performance of 17 dyalexic children and 17 normal reader
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controlas, ages 7-195. Reading leve] was assessad with the
Boder Tasat of Reading-Spelling Patterna (1973) and the
dyalexic children were clasaified into dysphonetic and
dyseidetic groups by Boder’s meathoda. (Boder’'s teat ia
deaigned to differentiate among children whoae errors on
reading and apelling teats can be ascribed to suditory and
phonetic confusjonas {(dysphonetic), visual and spatial
confuaiona (dyseidetic) or both (mixed
dyaphonetic-dyaeidetic). Godfrey et. al. found that the
dyaslexic group differed from the normal reading group on
aevery spaeech perception taak: 1) they ware not as conasistent
in their claaaification cof the stimuli; 2) they did not
discriminate as wall between atimuli from different phonetic
categoriea. However, no differencea ware found between the
dyephonetic (N=11) and dyseidetic (N=6) groups. (Apparently
none of their subjects fit the criteria for the mixed
group}). The authora also found that the dyalexic children
were better able to perform with the /ba-da’/ aa opposed to
the sda-ga/ stimuli. The authors suggested that the extra
cue (two formant changes rsthear than one’ in the /ba/-/da/
saeries made the perceptual differences sasier to dstect,
Finally, the groups did not differ on an environmental
sounds task which supported the conclusion that the deficit

in the dyslexic group was specifically phonetic in nature.



24

Godfrey et. al. noted that the shapes of thelir functions and
the differences between the groups eppeared similar to those

reported by Brandt and Rosaen.

Godfrey et. al.’s findings, in light of the research
reported in Chapter I (i.e. that asome poor readers have
phonocleogical processing difficulties) is particularly
intereasting. Further, their argumant against the Brandt and
Rosen study aeemsa ressocnable. Howaver, additicnal
investigation is required to resolve the isaue of whether
dyalexic children do in fact have trouble with categorical

perception of apeech.
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Temporal Processing and Dyslexia

From the above work, 1t seems reascnable to propose
that a reading disorder may be related to some dysfunction
in speech perception, i.e. in the abllity to perceive
relavant acoustic cues which ars embeddaed in a spesech
mignal. Tallal and her colleaguesa (1973, 1974, 1975, 1976,
1980a, 1980b, 1981, 1983) propose an altaearnate, although
related, view. They have publiahed a series of research
studies examining deficits firat in language disordered, and
then reading disordered aubjacts. Aa in the literature
reaportaed above, they suggeat that reading diasability can be
seen to covary with deficits of speech perception. However,
they theorize that the dysfunction is apecifically temporal
in nature. In particular they suggeat that there exists a
subgroup of dyselexics who are unable to procesa “brief or
rapidly changing teasporal eventsa.'” These children appear to
have difficulty analyzing auditory information at a normal
rate and are thus constrained by the aspeed of their auditory
procassing. Further they suggesat that the deficit is
percaptual in nature rather than purely linguistic,.
However, the deficit is evident in linguistic processing
bacause rapidly changing events are characteristic of many

of the segments in speach socundsa, e.g. the formant
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tranaitions associated with stop consonants. In addition,
they suggeat that this perceptuol dysfunotion in
discrimination contributes to the deficits seen at highar
levels of proceasing, e.g., sequencing and memory. Cantral
to this thesis are studies of nonverbal perception. A
digreasion describing this work ahould help to elucidate

this point of view.

Numerousa inveastigators have satresaed the importance of
tanporal procsssing in aphasic and reading disordered
children. As early as 1937 Orton suggested that the apeech
and language problema of children stemmad ({n part from a
difficulty in auditory temporal sequencing, i1.e. recelling
aounda in thelr proper order. Using a paradigm developed by
Efron (1963), Lowe and Campball (196%) found that dysphaaic
children (diagnocsed on tha basis of psychometric and
language evaluationa) were impaired as compared to normal
developing children on a temporal processing task. Whereas
the normally developing group neaaded an interval of 15 to 80
milliseconds between two tones to indicate which came first,
the dyephasic children needed 353 to 700 milliseconda.
Similar findings had been cbserved with adulta, e.g.
aphasajica (noted aa having left hemiphere lesiona) generaily

required more time than normal controlas to make judgements
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about the order of sounds (Efron, 1963)., Zurif and Caraon
(1970) extended this type of work to poor and normal
raadera. The poor readers were approximately one grade
behind and the normal readers were at grads level on the
Gatea Reading Teat. They found that the poor readers had
difficulty with tesporal information, i.e«. theae children
ware inferior to normal readers at judging whether two
quickly tapped rhythmic patterns (of increasing length) and
alac two series of light flaahes (with an increasing number
of beats’) were the sames or different. Similarly, Corkin
({1974) found that poor readers (selescted on the basia of
teacher ratinga) had sarial ordering deficites. When
compared to average readers, these children performed lesa
well at correctly recalling the aerial poaition of viaual
(order of cubea tapped) or auditory (atrings of digits’

stimull after a short delay.

Tallal and her colleagues (1973, 1974, 19735, 1976,
1980a, 1980h, 1981, 1983) used s nonverbal opsrant
conditioning paradigm to investigate dysphasic, and later
reading diaocordered, children’a abilities to jdentify
(detact), discriminate/asascociate, sequence, and recall
sounds. In the initial studies the sounda used as stimuli

wore complex tones composed of frequencies within the speech
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range (1973, 1880). They were generated at three formant
frequencies and differed only in their fundamental
frequency. In what Tellal referred to as the detection test
the child waa trained to presa one panel in response to one
tone and ancther panel in response to a different tone.

Then in what waa referred tc as the association test, the
tones were presented in random order and the child was
inatructed to pressa the appropriate corresponding button.

In the asequencing task the child was presented with the
tones in pairse and was required to reproduce the order of
the tones by preaaing two corresponding buttona. In a set
of taska which did not require a ssquential motcr reaponse,
and which waas referred toc as the Same Different Method, the
child waa again presented with the tonea in pairs. Thias
time the chtld indicated (by again pressing buttona) whether
the two tonea were the aame or different. (The recall tasks
will not be discussed heare.? On soma of the triala on the
paired tasks the interstimuluas intervel (ISI) betweaen the
tones was held constant at 428 milliseconds. In other
triala the ISI waa varied and placed at either 8, 15, 30,
60, 130, or 303 milliseconds. By varying the ISI‘s and alao
the duration of each tone (uaing either 75, 125, 175, or 250
millimecond itema?’), the authora thua variad the rate at

which the children were required to procesaas the information.
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In their initial atudy Tallal and Piercy (1973) compared
the performance of normal developing and dysphasic children
on thesae teska. The dysphasic group waa diagnoasd on the
banims of a varjiety of expreasive and receptive language
teats. (0Of note i1a that (t is not clear whether these
subjects were clinically different from Lowe and Casphbell“‘s
(196%) group.? Both groups had normal nonverbal
intelligence aa meaaured by the Ravens Progressive Matrices
Teat. In each study the dysphsalic children were
aignificantly impaired, in comparison to the normal group,
cn the taaks involving rapid perceptual procesaing.
Further, i1t was found thet poor performance by the dysphaaic
group on the pajred teats, was directly related to the rate
of prementation of the two items. That is, the children in
the experisental group were incapable of processing two
brief tones (75 milliseconds in duration or lesa?> or tonesa
saperataed by short ISI‘se (150 milliseconds or less). When
the rate was reduced, either by increasing the duratlion of
the tones or the ISI betwean the tonea their performance
improved. For example, if the tones were 1735 milliseconds
in duration then the children needed an ISI greater than 15
milliseconda to processa the information. This was tha case
whether assaquencing was required or not. Thus it appeared

that the dyaphasicas were unable to perceive the auditory
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information at a normal rate, and it was suggested that time
was the critical factor. Further, Tallal resasconed that 1if
the experimental children could not adaguately perceive the
itema, then they certainly could not perfora higher level
operationa on them, e.g. sagquence thenm,. Therefore they
suggesatad that a deficit in sequencing waa aecondary to a

deficit in perception of the information.

Tallal and Plercy (1974, 1975) then extended their
research to include verbal stimull (atop conacnant syllables
and vowela). They hypoctheaized that if these children did
in fact have a temporal deficit then it might show up on
taskas which required the processing of verbal information
saince aome aegkents in apeech occur rapidly in time, a.g.
the brief (approximately 350 milliseconda) formant tranaition
which is the critical cue for the parception of the atop
consonant. They uaed the aame procedures and apparantly the
aame subjesctas as in their prior (1973) study. Consistent
with their notions theae studiesa revealed that the dysphasic
children had difficulty processing (i.e. discriminating and
saquencing) consonant-vowel ayllables (C-V) with formant
transitions of 43 milliseconds but had no problem when the
tranaitions were extended to 935 milliseconds or longer. Tha

aame held true for brief mteady atate vowelas and stimuli
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which comprised an initial vowsl f 43 milliseconds {(sateady
state) connected to a different vowal (ateady state) of 207
millimeconda. Thua, these findinga were conaiastent with
their early atudies using tonea (deacribed above) and with
their auggeation that the deficit waa Iin auditory temporal

perception.

Using the aame baaic proceduresa with tonea deacribed
above, Talial (1980a, 1980b) inveatigated theae temporal
proceseing isaues with reading disordered groups. Tallal
hypothesized that a deficit Iin suditory perception would
affect a child‘’as ability to acquire phonic akilla in
reading. In thia atudy, the poor readers wera reading at
leart one year below grade placement and the noraal readerasa
were reading at or above grade aa meaaured by the
Metropolitan Reading test. All the children wera of average
to above average intelligence aas measured by the Wechaler
Intelligence Scale for Children-Reviased. In addition to the
tone teste, the reading disabled children were given the
Nonsenase Word Productjion subtest of the Kennedy Inatitute
Phonice Teat in order to aasesa their ability to uae phonics
rulea in reading. Conaiatant with her hypothesis, Tallal
found that some of the dyslexic children had deficits con the

auditory perceptual tasks. Sha foound that, when the I51
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between the tones was reduced, 45 percent of the reading
dimsordered group performed poorly. This was the case for
both the diacrimination (when temporal order was not
required) and sequencing (when temporal order was required)
taaka. She concluded that some poor readers have a
difficulty with temporal perception. In addition, Tallal
found that the reading disordered group’s performance on the
tone teats correlated with their ability to decode nonaenase
worda. Tallal concluded that asome reading diacrdered
children have temporal procesaing deficitas which affect

their ability to learn phonica and to read.

There have only been a few atudies in which the authors
have attempted to replicate the resulta of Tallal’a et.
al.’s work on langusge impaired populations (Blumatein,
5.L., Tarttre, V.C., Nigro, G. and Statlender, S., 1984;
Riedel, K., Studdert-Kennedy, M., 1983). The authors of
these studies have used a different paradigm, but, in my
opinion, tested the theory. For example, Riedel and
Studdert -Kennedy inveatigated misaile-wounded left brain
damaged fluent and nonfluent aphaaics’ ability to identify
and diacriminate CV syllablea (/ba/ and /das). Thay
queat ioned whether performance would improve by 1) extending

formant tranaitiona and 2) increasing the ISI betwean
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ayllablea, as had baen shown by Tallal (Tallal and Newccmbe,
1978, They did not replicate her findings and found no
evidence to support her theals. The aphaaica’ perforsance
on the jidentification taska did not improve as a result of
formant transaition extesnsions. Further, there waa no
difference in performance between the 30 and 500 millisecond
IS1 conditiona, by the group or individuala, on the
digcrimination tesak. In fact, saome aphasica performed

better in the shorter ISI ceondition.

1t ahould be poaajible to teat the hypothesaia that poor
readere have deficits in temporal perception using a
paradigm slightly different from that used by Tallal. Poor
readers ahould perform leaam wall than normal readers on
identification and diacrisination taska in which the
acouatic cue (s purely temporal in nature (this will be
elaborated below). In addition, one would imagine that a
temporal-related deficit of this asort would also be aevident
on a task in which spaech is compressed in time. That is,
an increase in the presentation rete of speech saimuli should
impair apeech perception in children who have tewmporally
diesordared aystems. A atudy of thia sort, using a time
compressed speech taak was performed by Freeman and Beasley

(19781 . They presented monosyllabic words that weras of
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normal duration and alao monosyllabic wordse that ware timae
compreased to 60 percent of normal duration to a reading
diasorderaed group and to a control group. The reading
impaired children were at leaat two yearsa bahind their grade
equivalent on the Lindamood Auditory Conceptualization test
and on 8 reading performance index developed by the achocol.
(Although hot noted, it ia assumed thet the control group
was reading at least at grade level, aince they were
referred to mas normal readera.) The authors found that, 1in
general, the reading impaired group performed significantly
worse than the normal readers (i.e. on the normal duration
and 60 percent condition combined). In addition, they
reported that, in general, the children performed
aignificantly worae at 60 percent time compreasion.
Although 1t waa noted that the mean difference betwaen the
normal duration and 60 percent condition waes greater and
more variable in the reading disordered group, no mention
waa made as to whether the difference between the groups on
thia difference measure was stetistically aignificant.
Thue, in terma of temporally related issues, their reaults

merit further inveatigation.

Proposaal
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As we have seen, there ls considerable evidence that
acome poor readersa have difficulty with the phonetic aspects
of language. Why thies ia aoc remaina to be detarmined. It
is conceivable that the difficulty lies in the perception of
apeech. If a0, the problem must be aubtle and only be
ravealed by demanding taaka aince many reading disordered
children do not have obvicus language disorders. In
addition, 1t ia conceivable that the difficulty would be
evident on tasks which require temporal procesaing since
temporal factors have baen emphaaized for their role in

apeech perception and dyslexia.

The aim of thia atudy waas to investigate whether aome
poor readers have a deficit of phonetic and/or temporal
perception. Two related but differing hyprotheses wera
investigated. The first is that dyslexic children have a
perceptual deficit that is specific to phonetic information.

The mecond is that dyslexic children have a disorder of
brief temnporal procesaing that is not apecific to phonetic
proceaaing but ta in fact based on & deficit of noenphonetic
or auditory perception. The dyafunction is related to
language because rapidly occurring information is
characterisatic of aspeech sounds. To this end, dyslexic and

normal readers were compared on four sets of tasks: three
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ware apeech and one waa nonspeeach. All required temporal

proceasing. They arae deacribed below.

In order to inveatigate a posaible phonetic and
tenmporal perception deficit in reading disordered children a
/ba-wa/ contrast was uaad. The /ba-wa/ continuum was a
natural choice since the critical accustic cums
diastinguishing between these two consonsnts is temporal 1in
nature, i.e. the duration of the formant tranaitions. In
order to keaep the difference bestween the contrastas, in this
experiment, at a minimum, only the firat formant tranaition
was manipuleted. The transition ranged from 30 to 100
milliseconda in 10 millisecond stepa. Ten milliseconds waa
chosen as an appropriate differaencea between stimull in order
to enable listenere to perceive a difference between the
ahorteat and longesmt soundas of the control stimuli
(elaborated below) while keeping the range within the limita
found in natural speech. Thirty milliseconds waa chosaaen for
the ahort end of the continuum in order to keep the
tranaition brief and thua taeat for a apacifically temporal

deficit, asa in Tallal’a work.

I1f the reading disordered children have a phonatic

deficit then they should performs poorly on thias continuum.
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If the deficit is temporal in nature, as Tallal suggests,
then they ahould not only perform poorly on thisa continuunm
but i{n addition, they should respond to the /ba-wa/
continuum in a particular way. For exampla, they ahould
identify more stimuli as /ba/ than es /wa/, as comparad to
the controls, since they presumably need more time to
proceassa information. The duration of the formant transition
will have to be relatively long (e.g. greater than 95
millimseconda) for them to labal the satimuli as /wa’/. The
phoneme boundary should be diaplaced (to the right) in the
dyalexic group’‘s identificaticn functionsa. In addition the
alopea of the functiona in the dyalexic group ahould be

ahallower than in the normal group.

The msubjects in this atudy were also teated on a Voice
Onaet Time (VOT) continuum. The complex of acoustic cues
accompanying VOT waa chosen for study for a variety of
reasches. Firat, thia speech continuum served as snother
test for a phonetic perception deficit hypothesis. If the
difficulty ia phonetic in nature, then the reading
disordered children ought perform poorly on this task aa on
the /ba-wa/ continuum. However, this continuum may not ba
as difficult for the reading disordered children to parceive

ag the /ba-wa/ continuum because moras cues alert the
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listener to the identity of the conlon-ntq Further, the
synthetic atimuli more cloaely resemble the acousticas of
natural apeech, and are therefore presumably less atressful
to the perceptual aysatem. Sacond, this continuum served aa
another teast of temporal procesaing aincaea the predominant
acoustic cue is temporal in nature. As in the /ba/-/wa/s
continuum there ahould be a displacement of the phonene
boundary and a difference in slope aa compared to the normal

readeras.

Third, VOT ia an interesating acoustic cue since it
appears to be of universal perceptual significance ({.a.
perceived by many if not most cultureas). Lisker and
Abrameon (1964) found that, in the sleven languages they
inveatigated, apeakers accurately diatinguished between
thelr various stop consonant categories on the basis of VOT.

(Transition duration alao appeara to be a universally
eignificant cue although it has not been nearly as much
investigated as VOT)., Further, it has been suggested that
senaltivity to the voicing clasaea might ba mediated by
innate mechanisma (Eimas, 1971, 1974: Aslin, Pisoni,
Hannessy and Perey, 1979}. VOT meems to be used as a
perceptusl cue by infanta as well aa by aedults. That is,

infanta have been found to be able to diacriminate aynthetic
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speech sounds that differ in VOT in the same way that adults
do. In addition, the discriminatjion seens universal] in that
infanta were found to have aimilar category boundarias
regardless of their parents’ language. As development
proceedsa, the category boundariea becoma conaiatent with the
native language. Eimaa (1971) haa asuggested that the
auditory syatem of the infant ia innately hardwired to
percelive thisa acouatic-linguiatic parameter and that the

procesa ia eventually altered by expsrience.

The isclated firsat formant tranaition of the /ba-wa/
continuum was included asa a nonspaeech, temporally dependent
control. In initial explcoratory work it was found that the
atimuli were not perceived as speech, but instead as bleeps.

Subjecta referred to them as ahort or long sounds. Thia
continuum wasa included to test the hypothesis that a deficit
(phonetic type) on the ampeech continua is apecific to speech
and further, that the disorder isa not purely temporal in
nature, as Tallal suggests. If the deficit ia specific to
phonetic ({nformation then the reading disordered children
ahould perform similarly to the children in the control
group on the Fl continuum. If the deficit is temporal in
nature then they should perform leaas wall than the control

group. That is, they should not be able to diecriminate as
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well betwaen the formanta of differing duration.

A two interval AX procedure was usaed for the
discrimination taska. This paradigm was chosen as oppossd
to others (e.qg. ABX) because it has been reported to be
eaajer for children (Wolf, 1973) and appears to place fewear

daemands on memcry (Pollack and Pisoni, 1971).

A teat of time-coapressed speech waa included to
further examine whaether theaes children have difficulty
proceaaing rapidly occurring information. If the dymlexic
children do have trouble procesasaing information that occura
rapidly in time aa Tallal suggeats, than they ahould performs
peoorly, as compared to normal readers, on stimuli which eare
timae compreased. To investigate this, phonetically balanced
liste of time compresased monosayllabic wordsa were used as
stimuli. Two amounta of time compression were used, 30 and

60 percent.

Reading sakill and strategy was asaeased with taaka that
required the reading of isclated words, rather than words in
connected text. Single word taaks were choaen in order to
minimize the meaningful contextual cuea, inherent to

connected text which would reveal the identity of a word,
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In this way decoding akill was emphasized. In this regard,
it is relevant tco note that Shankweiler and Liberman (1972)
found that children’s skil]l et reading isolated words was

highly correlated to succaess at reading connected text.

The children‘s reading atrategiea wars analyzed using
the Boder Teat of Reading-Spelling Peatterns (1982) to
compare the performance of clinically identified dyslexic
subgroupa, i.e. a dyaphonetic, dyaeidetic and mixed
dysphonetic-dyseidetic group. It was proposed that those
children whoae errora reflected phonetic confusiona would
have trouble on the apeech taska while thoae children whoae
arrors reflected vimual confusiona would perform similarly
to the normal readers. As nnied above, the Boder test ia
deaigned to determine whether dyalexic children attempt to
read and apell using a phonetic approach, thereby revealing
akill in this domain (dyseidetic) or whether they lack
phonetic &kill and rely on a more visual approach
(dysphonetic) or whether they lack both phonetic and viasual
akil]l (mixed dyaphonetic-dyaaidatic)j? Bodar defined the
dyaphonetic reader as a child who typically has a limited
aight vocabulary of words and who reads words globally
rather than analytically. In contrast, the dyseidatic

reader reads by sounding out words and typically fails to
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read word& that don't have grapheme-phoneme corraspondenca.
In contrast to the dysphonetic reader who reada quickly,
this type of reader reads alowl!y as if seeing esach word for
the firat time. The mixed dyaphonetic-dyseidetic reader has
trouble reading glcbally and analytically and therefore is

the mosat disabled of the three types of readers,.
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Footnotas

1 A distinctive feature ayatem is & schems for

claasifying spesch acunda. Classically, the speech aounds
are definad according to the way they are producad (i.e.
articulated)., For axample, a consonant can be distinguiahed

in part by whether, in production, the tongue is preased
against the alveolar ridge or the back of the palata.
Theoretically, the articulatory procesaass correlate with the
acouatic characteriatica of the sound.

2 iIn speech percepticn, consonants are perceived
categorically whereas vowals are less clearly categorized.
Further, vowele are leas atable than consconants, i.e. they
are more subject to phonetic variation acroas individuals
and dialectsa.

-3 Short term mamory, although not the focus of the
present study, is clearly of primary importance for and
intimately related to the phonological processing of both
written and spoken language. The liatensr or reader must be
able to hold on to bita of phonologicael information in order
to comprehend messages.

< Resonances of the vocal tract are referred to as
formants, and their frequencies are referregd tcoc as the
fomant frequencies. They are dependent on the shape of the
vocal tract.

S Categorical perception occura with the perception of
items which vary acceording to place of articulation, manner
of articulatjion and voicing claas. Howaver, isclated steady
atate vowels (Pimoni, 1971), F2 tranasitions (Mattingly,
Liberman, Syrdal, and Halwes, 1971) and nonapeech aounds
tend to be perceived leas categorically, or are instead
perceived more continuoualy, similar to what isa usually the
came in psychophysical studies of nonspeech. Although some
studies have ahown that continuocus and categorical types of
reaponding can cccur on the same stimulus patterns, what
aoens clear ia that for some sounda, ceategorical perception
is most likely to occur whan the listener is interpreting
the stimulil aa speech, i.e. when he is reaponding in a
“speach mode'. For further discussion of these issues, the
reader ls referred to Liberman, Cooper, Shankweiler and
Studdert-Kennady, 1967; Pisocni, 1973).

& Although VOT ia a temporal cua (clasaajically
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described as the time from plosive releasa to glottal
vibration), other cuas serve to alert the listener as to the
idantity of the consconant. These cues commonly work in
concert but have alao been ahown to be aufficient to
diatingulish the veoicing contrast. They include: the
preasnce of absence of aspiration during the VOT interval
(Summerfield and Hagygard, 1974), the onset frequancy of the
Fl transition (3tevens and Xlatt, 1974) and the rise of the
Fl1 tranaition (Cooper, Delsttre, Liberman, Borat, and
Gearstman, 1932).

7 The children are separated into groups on the basis
of their reading and spslling patterns. Three items are
relevant for deciding on group membership: 1) the percentage
of worda which are raad correctly that are apellad
correctly; 2) the percentage of words which are not read
correctly which are spellad as good phonetic equivalents; 3)
the Reading Quotient (RA). The RQ is calculated as followa:
(Boder reading grade level + 5/chronoliogical age? x 100. It
thea following is true then the child ia& classifiad as
dysphonetic: 1) tha child is unable to apell at least 30
percant of the worda which he is able to read; 2) the child
is unable to spell words which he cannot read using a good
phonetic equivalent; 3) the RO is greater than or esqual to
e7. If (1) and (2) are true but the child has an RQ lower
than 67 than the child is cleasified as mixed
dvaphonetic-dyseidetic. If the following is true then thae
child is clasaified as dyseidetic: 1) the child is unable to
apwll at least 50 percent of the worda which he ia able to
read; 2> the child ia able to apell at least 50 percent of
the words which he cannot read using a good phonetic
squivalent; 3) the RQ is less than or squal to 80,



95

METHOD

Subjecta

The aubjects were children from public and private
achoola in the New York City metropolitan area. Four
reading specialistas were asked to aelect good and poor
readers, between the agea of seven and nine, from their
raeaspective achool or private practice. (An attempt wam made
to keep the age range of the subjects to a minimum since
there is evidence that apeech perceaeptiocn skills change
through early childhood (Goldman, Fristoe and Woodcock,
19705 ., In some cases the normal readers werae children of
friendea of the author. Nineteen children (eleven normal
readers and eight poor readers), served as subjects in the
atudy. The poor readers ware at minimum five months delayed
in reading as measured by the average of their scores on the
Woodcock Raeading Mastery - Word Attack and Word Recognition
aubtests (mean reading grade laevel=2.%), The normal group
was at or above grade level in reading (mean grade
levelst.4). The mean age for both groups waa 8.7 years.

The groups were esquated on intellectual functioning with the
Ravens Coloured Progreasive Matricea. The mean Raven’a

score for the dyalexic group was at the 85th percentile and
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for the normal readera at the 89th percentile. There wae no
aignificant difference betwesen the groupa on the Ravens
test. (See Table 1 and 2 for the individual children’s age,
grade, I0 and reading level). Only children with normaal
peripheral hearing as measursd by a standard audiometric
battery were included in the study. All children came from
at leaat upper middle class homes. In addition, any child
with documented paychiatric difficultiea waa excluded from
the atudy. Twelve children did not meet at lesast one of the
criteria and were therefore excluded from the study. In
addition, due to fatigue, one of the dyalexic and ocne of the
normal children did not participate in the set of nonsapeech
taaks, two of the normal readers did not participate in the

aet of /ba/-/wa/ taska.

Stimuli

The diacrimination and identification teat atimuli were
recorded onto reel-to-reel tapes. They waere generated on a

parallel resonance syntheasizer at Haskins Laboratories.

There were three identification continua each with
eight ayllablea and three diascrimination continua each with

five pairs of syllables. 0f these continua, there were two
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sets of speech and one set of nonspeech tashks, Each
ayllable in the speech series was 360 milliseconds in
duration and composed of two formanta. The utterances in
the nonspeech set were composed of one formant. The
sylleblee in one of the speech seriea ranged from a stop
conacnant /ba/ to a semivowal /wa/, The firat formant of
each ayllable consiated of an 1nitial formant transition
which varied in duration from that appropriate for /bs to
that for /w/ and a subseguent period of steady-state
appropriate for the vowel /a/. The duration of the
transitiona varied from 30 to 100 milliseconds in 10
millimsecond stepa. As the duration of the formant
trensitions i1ncreased, the duration of the steady estate
formanta decreaaed in order to maintain the syllablea’
duration at 360 milliseconda. For all stimulli the asecond
formant conalated of an initial formant tranaition
appropriate for either /ba/ and /wa’/ and a aubaequent ateady
state appropriate for the vowel 7a/. The duration of the

sacond formant transition waas 90 millisecondsa.

The firat and asecond formants atarted at 100 and 616
Hz. respectively and rose linearly to steady atate values of
769 and 1232 Hz,. reapectively. The fundamental frequency

romse linearly from 90 Hz. to 110 Hz. 1in 50 =mi{llieeconda and
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then gradually decreased acrossa the ayllable to 90 Hz.

The syllablesa in the second speech (VOT) aeries ranged
from a sda’s to a /tas. They conasisted of formant
tranaitiona appropriate for an alveolar atop, and a ateady
atate segment appropriate for the vowael /a/. The change 1in
VOT waa accomplished by cutting back the firat formant
tranaition and simultaneounly aexciting the second formant
traneition with noiase rather than a periodic signal. The
atimuli varied from a VOT of C to +70 in 10 millisecond

atepa.

The first formant of the firat ayllable atarted at 234
Hz. However, aince Fl was cutback for each atimulus in the
saerieas there was a corresponding increase in Fl onaet. All
of the first formants rose linearly to a steady state value
of 769 Hz. The asecond formant atarted at 1848 Hz. and fell
to a ateady state value of 1232 Hz.. The fundamental
frequency contour was the same as for the /ba-wa/

continuum.

The nonapeech Beriea was compoaed of the varying firat
formant tranaitiona of the /ba/-/wa/ continuum. Subjects

ware asked to jidentify the stimuli as “short' or "long'.
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All of the stimuli were digitized at a 10 kHz aampling
rate by the pulese code modulaticn (PCM) ayatem at the
Haskins Laboratory. An l1dentification and discrimination
task was created with the stimulil from each set. Each
identification task conseisted of eight tokena of aach
satimulus, totalling 64 items. The items were randomized and
divided into eight equal blocka of eight atimuli. There was
an inter-stimulua-interval of 3 seconds and an inter-block
interval of 8 seconda. Each discrimination task consiasted
of twenty paira of atimull with eight repetitiona of each
pair totalling 160 pairsas. The sets included five pairs of
atimuli differing by 30 milliaseconds along each continuum
(i.e. 10-40, 20-50, 30-60, 40-70, 30-80) and each pair had
four arrangements (e.g. 10-40, 40-10, 10-10, 40-40). The
pairs were randomized and divided i{nto ten blocks of alxteean
pairs. There was a one second interval betwaen the itemms 1in

@ach pair and a three second interval between each pair.

In order to familiarize the aubjecta with the atimuli
three tokens of each endpoint (1i.e. atimulus 1 and atimulus
8) were presented prior to the identification task. In
order to make sure the subjects underatood each taak a

criterion teat waas given. The criterion seriea for the
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identification taska consisted cof twelve tokens of each
endpoint satimulus (i.e. stimulua 1 and stimulus 8) totalling
249 items. The 24 tokens ware randoasizad. The critarion
test for the discrimination tasks consisted of four pairs of
endpoint stimuli with four repetitions of each pair (i.e.
atimulua 1 paired with stimulus 8; stimulus & paired with
atimulus 1; estimulua 1 paired with stimulus 1; stimulus 8

paired with atimulus 8, The itema were randomized.

The atimuli used for the time compressed apeach
conditiona included tape recorded versiona of twoc liata of
the WIPI obtained from AUDITEC of St. Louls. The lists
consiated of moncayllable words, suitable fcor young
children. One liast wasa time compressed to 30 percent and
the other to 60 percent of original time. (The technique of
time compresaion increasaes the rate of apeech by eliminating
amall asections of the speech signal within words and
combining the remeining acoustic energy. In this method
rate ia altered but the frequency componentas of the words

are preserved (Rintelmann and Lynn, 1984)).

Procedure

The identification, discrimination and time compressed
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apeech teats weare presented on a Tandberg TC2Z20A reel to reel

tape recorder through TDH39 haeadphonas in a quiet roos.

At the firat sesaion the children received the Ravena
Coloured Progressive Matricea, the Woodcock Reading
subtesta, the peripheral hearing exam, ones aat of
identification and diacrimination tesks and the WIPI Time
Compression Speech Test. At the second session they
receivaed the Boder Test of Reading and the laat two mets of
identification and disecrimination tasks. Tha Ravens,
Woodcock and Boder teats were administered in the standard
format. In the WIPI test the children were asked to repest
the words they heard. In the jdantification tesat the
children were asked to label the items as either, for
exanple, /da/ or /ta/. For the nonaspeach aet they were
asked to label the itema as "ahort onea'" or "long cnea’.
Their responses were recorded by the experimenter. Tha
children were introduced to the perceptual tasks in the
following way, following an instructional procedure deaigned

by Wolf (1973).,

"Have you ever heard s robot talk? (Child‘a reaponae)
Well, I have aome sounda that a robot made. This robot
can only aay two thinga! he says ba and wa. Can you
aay that? (Child’a reaponse) I want you to listen
very hard tc what the robot says, and then aay the

very same thing. When he says ba, you msay ba; when

he aays wa, you say wa. Okay? You say exactly what
the robot aava.
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In the discrimination teat the childrean were aakad to atate
whether the scundas they heard were "exactly the saae™ or "a
little bit different®. The reaponsea waere recorded by the

exper imenter.

In the nonapeech taaka the children were told that the
robot would say long and short sounds, not “letters®. It

was emphasized that the saounda were not apeech.

Twelve consecutive correct responsea were raguired to
“"pasa'” the criterion tashka. None of the aubjecta failed to

moet this criterion.

On all the teats, the childraen were askead to guess at
the anawer when unaure. Further, they ware intermittently
reinforcad with atickera. The teat tapea were stopped

occaaionally in order to give the children resta.



Results

The results of the identificatjion task for the
/da/s-/ta/ continuum are displayed in Figure S5 for the normal
reading and dyalexic group. The B8 atimulus values of the
cohtinuum are on the abacisaa and the percentage cof tokena
of esch atimulus labeled es s/da/ is on the ordinate. Aa can
be aeen in the figure, the data indicate that aubjects 1in
both groupas systematically clagsified stimuli with shorter
VOT walues aas /da/ and those with longer VOT values aa /ta’/.
Further, the alopesa of the functiona in the region cof the
category boundarieas are characteristically sharp. Thesae

findings are consistent with previoua research.

The results indicate that the groups did not differ in
their ability to identify the stimulil, i.e. both groupa were
able to reapond categorically. Thims was confirmed with a
repeated measures analysis of variance with group as the
between subjects factor, atisulus as the within aubjects
factor and the percent of times a atimuvluas was jdentified as
/da/ as the dependent variable. The analysia indicated that
there was no significant difference between the groups on
percent of voiced judgemeantse (F < 1), there was no

aignificant interaction (F < 1), and the number of valced
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reaponseeg changed abruptly across VOT value (F(7, 119> =

631.65, p < .001) (mee Table 3 for mesana).

The results of the identification taaks for the
/ba/-/wa/ continuum are diasplayed in Figure & for the normal
reading and dyslexlc group. The dats indicate that subjects
ayatematically clasaified atimull with ahort duration firat
formant tranaitions &s /ba/ and thoae with longer duratione
am /wa/. These reasultas are consiatent with previous

research.

Aap was aeen in the /da/-/ta/ tamks the grcocups did not
differ in their ability to identify the /ba/-/wa’/ atimuli.
In fact, both groupa wWwere able to respond categorically.
Thia wasa confirmed with a repeated measuraa analysis of
variance with group as the betwaeen subj)ects factor, stimulus
as the within aubjects factor, and the percent of times a
atimulus was labeled as /ba/ as the dependent variabla. Ae
wag saen in the /da/-/ta/ tasks the snalysis revealsd that
there was no aignificant difference batween the groups on
the percentage of /ba/ reaponding (F < 1), there was no
significant interaction (F < 1), and tha number of /ba~/
reasponaaes changed aignificantly as the duration of the

transition increased (F(7, 1035) = 131.60, p < .001). (goe
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Table 3 for means!).

The reaultas of the identificetion taak for the
nonapeech continuum are displayed in Figure 7 for the normal
reading and dyalexic group. The data revealad that the
aubjectsa were able to catagorize nonapesch-like atimuli into
groups. They syatematically clasaifjed satimuli with short
duration firat formant transitions as short and those with

longer durationa ae long.

Aa was geen in the apeech tasks the groupsa did not
differ in their ability to identify thea nonapeach stimuli;
both groups ware able to respond categorically. This was
confirmed with a repeated measures analysis of variance with
group as the between aubjecta factor, stimulus as the within
aubjecta factor and the percent of times a atimulus wvaa
labeled aa ahort as the dependent variable, There waa no
significant difference between the groupa on the peaercentage
of short responsesa (F <« 1), there was no significant
interaction (F < 1), and the number of short rssponses
changed abruptly aa the duration of the transition increaaed

(F(7, 103) = 77.35, p <« .001). (s8e Table 3 for meansa).

The identification functiona of the /da/-/ta/,
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/ba/-/wa/ and nonspeech continua were further anaslyzed by
deriving a slope, locus of cateagory boundary (30 percent
crossovaer point) and uncertainty range (range of atimulus
values that fell between the 25 and 75 percent marka) using
linear regreasion techniqueas. Separate T-teata were
performed, with each of theae mesasures aa tha depandent
variable (i.e. alope, locus of category boundary and
uncertainty range), on each continuums (i.a. apeech and
nonepeech), to test for group differences. Reaults, which
can be seen in Table 4, indicate that (1} there were no
significant differences betwean the groupa on these measures
for any of the continua. The mean category boundary for the
groups was at almoat exactly the same value for the
/da/s-/ta/ taak: 26.39 compared to 26.41; for the /ba/-/wa/
task: 60.81 compared to 36.94: and for the nonapeech taak:
63.26 compared to 62.86 (2) the groups were roughly
equivalent at clasaifying atimull near their category
boundariea as measured by the range of stimulusa values that
fell between the 2% and 75 percent marks and by the slopes
of the identification functions. The groupsa evidenced
similiar rangea of uncertainty and aimilar alopes on all the

continua,

Three, the groups did not differ in their ability to
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identify endpoint atimuli, presumably good exemplara of the
atimulus categories. This was revealed on sach continuum
ualng repeaated measurea analysis of variance, with group as
the between aubjects factor, endpoint stimulus as the within
subjecta factor, and the percentage of correctly labeled
endpoints as the dependent saeasure. Thare were no
significant differences betwean the groups (F < 1), and
there were no aignificant interactiona (F < 1). The only
aignificant atimulus effect was on the nonapeech continuum,
i.a. 1t was found that the groups were more consistent at
labeling the short duration endpoint satimuli asa short than
they were at labeling the long duration atimuli aa long

(F¢(2,30)» = 9,11, p ¢« .01). (ase Table 3 for meana).

Diacrimination Taaks

The discrimination results for all of the continua were
analyzed using repeated measures analysis of variance with
group as the between measurea factor, stimulua pair as the
within measurea factor and percent correct differencas

reaponse per pair as the dependent variahle.

The functiona from the diascrimination task for the

/das-/ta/ continuum are diasplayed in Figure 8 for the normal
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reading and the dyslexic group. The five three-step pairs
of atimsulli used to test diacrimination are on the abaciaaa,
and the percentage of diffarent pairas which were correctly
called “"different" are on the ordinate. As can be aesn in
Figure 8, both the normsal and disordered readers evidenced
diacrimination peaks which coincidaed closely with their
eatablished category boundary of 26 milliasconda (see alasc
Figure 9), These peaks indicate greater sensitivity in
diacriminating stimulil from different phonetic categories
than from the saame phonetic category. Thia waa supported by
the main effect for Pair which suggested that not all psaire
ware discriminated equally weall (F(4,68) = 263.76, p <
.001). The main affect for group indicated that in contrasat
to the findinga on the identification taaksas, the dyalexic
children were inferior to the normal readers in their
ability to perceive differences among the stimuli (F¢1,17)> =
3.35, p < .05, cone tailed}. Due to tha poorsr betwaen
category discrimination of the dysalexica on pailr 3-6, the
group difference appeared as a significant Group X Pair
interaction (F(4,68) = 2,73, p < .0%). (sea Table 6 for
means.) The individual subject data for the /da/-/ta/
continuum can be seen in Figures 10 and 11 for the dyalexic
group and Figurea 12 and 13 for the normal reading group.

An examination of the data sahowed that the reduced
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parformance of the daylexic group on the continuum was
contributed by only aome of the dyalexic children, The
significant main group effect wasa mainly due to the lower
performance of three or four of the eight dyslexic children
(i{.e«. subjecta 7, 8, 1, perhaps 2. This can also bs aean
in Table 7 and 8. Table 7 displays the children’s
performance on pair 3-6. Table 8 shows a rank order of
their performance on this pair. (Thia stimulus pair was
found to be mosat representative of the childran’s
parformance on all the discriminetion tasks and was used as

a quick way to characterize performance in general?>.

The diacrimination functions from the /ba/-/wa/
continuum can be seen in Figure 14. Aa can be aean in the
figure, both the normal and disordered readers avidenced
discrimination peaks which coincided closely with their
eatabliahed category boundary of 36-60 milliaseconds (aee
also Figure 135). Ae was the came for the /da/-/ta’/ task,
theae peaks indicate greater sensitivity in diacriminating
atimuli from different phonetic categories than from the
aams phonetic category. This was supported by the main
effect for Pair which esuggested that not all pairas were
diacriminated aqually waell (F(4,60) = 13,28, p <« .001). The

main effect for group indicated that, as expected, and as
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waa seen in the /da/-/ta/ taska, the dyalexic children ware
inferior to the normsl readers in their ability to perceaive
differencea among the stimull (F(1,1%) = 3,97, p ¢« .05, one
tailed). There were no aignificant {nteractions ( F < 1 >
(nae Table 9 for meana.) The individual aub)sct data can be
aeen in Figures 16 and 17 for the dysalexic group and in
Figuresa 18 and 19 for the normal readers. An examination of
the data ahowed that the reduced performance of the dyalexic
group on the continuum waas contributed to by moat (six out
of eight) of the dyslexic children (subjecta 1, 4, 7, 6, 8,
2. Aa In the /das-/ta/ taak pair 3-6 appears to bast
represent the children’a overall perforaance, Their
parformance on pair 3-6 ia diaplayed in Table 7 and rank

ordered in Table &.

The resulta of the diacrimination task for the
nonapeech continuum are diaplayed in Figure 20 for the
normal readers and dyalexic group. As can be aeen in the
figure, both groupe ware able to discriminate betwaen the
atimull in the firat 4 paira with a relatively high degree
of accuracy. Both groups reaponded less categorically than
they had in the sapeech taska, i.e. the groups were bettar
able to discriminate between pairs from the sama category

than had been seen in the /da/-/ta’/ and /ba/-/wa/ speech
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taaks. For example, although atimulus 3 was genarally
labaled aas short and atimulua 6 was generally labasled as
long in the identification taak, the subjects were able to
discriminate between them with a relatively high degres of
accuracy in the diacrimination tasak. These results are

conaistent with previous research using nonspesch.

In contrast to the findinga on the /da/-/ta/ and
/ba/-/wa/ apeech taska, the main effect for group waa not
significant in the nconspeaeach tasak (F (1, 13 = ,8536, p =
-37). In general the groups did not differ in their ability
to percaeive differences between the pairsa. The individual
subject data can be aeen in Figures 21 and 22 for the
dyslaexic group and Figurea 23 and 24 for the normal group.
All but one subject (S1) in the dyslexic group appaeared to
perform similarly to the normal group. Although there was a
significant interaction of Group X Pair (F(4,60) = 3.44, p <«
.03) 1n the group data, an exploratory post hoc analysis
using Leaat aignificance difference (LSD) revealed that the
groups could only be told apart at pair 2-3 ( < .0%). This
appears to be due tc subject 1 as can be seen in Figure 21,
(A Scheffe test was performed but did not show any
aignificant difference betwean the means. An LSD was used

as an exploratory technique to further inveatigate the iasue
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with higher power (Kirk, 1968)). (see Table 10 for meana.)

Brief temporal mesasursa

Although the data revealed that in geaneral the dyslexic
group had trouble discriminating phonetic information, the
data did not lend support to the notion that reading
disordered children have particuler difficulty with "brief"™
tenporal information as had beean suggeated by Tallal et.
al.. Thim was demcnstrated by a number of resulta. The
reading dimsordered group did not need a longer firat formant
tranaition in order to identify atimuli as /wa/ or aa /long/
as indicated by the lack of differencse between the groups on
locua of category boundary on the /ba/-/wa/ and nonapeech
taaka and by the lachk of significant difference between the
groups on percentage of /wa/ reaponaes on the /ba/-/wa/
identification task and /long/ on the nonapeech task (noted
above). Further they were as capable of perceiving stimuli
with brief formant transitions as they were of perceiving
stimuli with longer formant tranaitions as reveasled by the
lack of difference in correct reaponding to the endpoints of
the /ba/-/wa/ continuum. That is, the dyslexic group
performed equally well at perceiving atimuli at the /ba/ end

of the /ba/-/wa/ continuum as at the /wa/ and. In fact, the
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poor readers were more consistent at labeling the short
duration formant tranaition atimuli aa "ahort* than thay
were at labeling the long duration formant trensition

atimull ae long, ea noted above.

The results of the time compressed speech tasks are
displayed in Figures 25-29, The two time compresaijion
conditiona - 30 and 60 percent - are on tha abscisaa and
percent correct ia on the ordinate. The group deta is
displayed in Figure 25; the individual dats for the dyslexic
group is dimsplayed in Figures 26 and 27; the individual data
for the normal reading group is diaplayed in Figures 28 and
29. Ae can be aeen in Figure 25 the dyslexic children
performed alightly better than the normal readers when the
atimull were compreased 30 percent; howaver they performed
worae when the atimuli{ were compreased 60 percent. These
differencea, while not aignificant, led to a significant
group X test interaction, i{.e. there was a greater
difference in performance betweean the 30 and 60 parcent
conditione for the dyslexic children than for the normal
readers (F¢1,17) = 5.76, p ¢ .05). As expected, thea
analyais revealed a main effect for test suggesting that
beth groups performed aignificantly worase when apeech was

conpreaned 60 percent as compared to 30 percent (F¢1,17) =
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41.39, p ¢ .001) (mee Table 11 for means).

Boder Analyaia

0f the 8 dyslexic children, 5 fit the criteria for the
dyaphonetic and 3 fit the criteria for the mixed group.
None of the children were found to fit the criteria for the
dymeidetic group. All the normal reading childran fit the
criteria for the normal group as defined by Boder. The
childraen’s grade level scores and their group membership are
diaplayed in Table 12. The sub)ects who were found to be
membera of the mixed group (i.e. saubject 2 (D2, 5 (DS} and
7 ¢D?7> are underlined in Table 8. As can be seen in Table 8
same of the children in thia group performed poorly on tha
tasks in each continuum and othera performad asimilsrly to
the normal reading children: In the /ba/-/wa/ taak subject
DS performed better than all the dyslexic children and
similarly to the normal reading children, while aubject D7
performed worse than most of the dyslexic children. Subject
D2 fell aomevwhere in betwean. In the /da/-/ta/ taak subject
DS performed aimiliarly to the normal resding children while
aubject D2 and aubject D7 perfcrmed worsa than most of the
dyslexic and normal reading children. This was alsoc evident

on the time compressed speech tasks. This pattern was alaso



true for the children in the dysphonetic group. Thus, it
appeared that the Boder test did not differentiate the

children’a performance.

In crder to determine the degreae of relation between
the children’'s reading scores on the Woodcock and Boder
Raeading tests, a Spearman Rank-Difference Correlation was
prformed, The correlation coefficient waa found to be

highly aignificant ¢, €17 =1 .93, p < .001>.

65
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Discuaaion

A diacussion of the findings will be presented in the
following manner. First, the findings of each task will be
discussed individually, i.e. the findings of the
identification task for esach continuum, the findings of the
discrimination taak for each continuum, the findings of the
time compreassed apaech taaska. Second, the findings on all
the taska will be aummarized with reapect toc the hypotheaes
advanced in the introduction. Third, suggesations will bae

nade for {future reaearch.

Identification Tamka

The results of the identification taska for the
/da/-/ta/ and /ba/-/wa/ continuum are consistent with
previocoua findings from adults and infants with respect to
the general slopes of the functiona and loci of category
boundary (Lisker, 1975; Miller and Eimss, 1983; Liberman,
Delattre, Gerstman and Cooper, 1936). In the /da/-/ta/
identification tasks the children evidenced sharp percaptual
categories while in tha /ba/-/wa/ tasks they showed a more
gradual, but atill significant, perceptual change. In the

nonspeech task the children appeared to categorize the
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scunde into two categories, similarly to the way they had

done so in the speech continua.

In the identification taaks the reading disordared
children were able to label the stimuli appropriately
thereby revealing skill at perceiving phonetic information
and utilizing that informaticon for categorization. In this
regard they did not appear to have difficulty with the
temporal cues of voicing and duration of first formant
tranaition. Theme findingas were not consiatent with thoae
of Godfrey, et. al. (1981) who performed similiar analyaesa
on identification functiona of /ba/-/da/ and /da/-/ga/
continua obtained from dyslexic and normal readers. They
found that although there were no group differences in the
phoneme boundaries, there were group differences in the
alopesa of the functions. Further, they obtained a
aignificant Stimulum X Group interaction suggeating that the

dyaslexic children were leaassa certain in their identification

of the speech msounds.

Diacrimination Taaks

In contraat to the equality of performance on the

identification taaks, the performance of the raading
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disordered children was inferior to that of the normal
reading group on both the /da/-/ta/ and /ba/-/wva/
diacrimination taaka. On both of these taska the reading
disordered group woar leas accurate in their ability to
diacriminate atimull from different phonetic categoriea.
These results were conasiatent with those of Godfrey et. al.
who found that dyaslexic children performaed less well than
normal readera on /ba/-/da/ and /da/-/ga/ diacrimination
tasksa. The dyalexic children in their study were also leas
senaitive in their ability to discriminate between stimuli

from different phonetic categories.

The results of thia atudy and thcose of Godfrey et. al.
are not neceasarily in conflict with the reaults of
experimenta by Brandt and Roaen (1980) who concluded that
poor readers do not differ from normal readers on
diacrimination taska. Brandt and Rosen did not perform
atatistical group comparisona of thea difference mcores (i.e.
percent of time a pair was labeled different when the
atimull in the palr were actually different). Howevar 1n
their study the /ba/-/da/ discrimination peak was at
approximately 85 percent for the normal group and 70 percent
for the dyslexic group. Likewise the /da/-/gas

discrimination peak was at approximately 73 percent for the
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normal group and 65 percent for the dyslexic group. As
cbaserved by Godfrey et. al. theae findings might have been
significant ware they analyzred. In addition, it ia perhaps
noteworthy that Brandt and Rosen reported that they found
three dyalexic children who initially demconatrasted deviant
identification and discrimination task performance. They
noted that their identification functions did not show a
aharp boundary between the /da/ and /ga/ stimuli and that
the /ba/-/da’ and /da/-/ga/ diacrimination functiona did not
have distinct peaks. However rather than displaying the
functiona and discusaing the performance of theae children
aa poasibly noteworthy, they diamissed the finding and
ratested the children three months later. On retesting,
their performance was found to ba leas deviant than it had
been at the firat sesalon; performance on this retest waa

included in the analyaasa.

In general, the /ba/-/wa/ task was more difficult for
the children than the /da/-/ta’/ task. Tha peaks of the
diacrimination functiona were considerably lower on the
/ba/-/wa/ aa compared to the /da/-/ta’/ tasks (sea« Figuresa 8
and 14). This wasa eapecially true for the dyslexic group.
Further most of the dyslexic children had trouble with thia

continuum; fewer had difficulty with the /da/-/ta/



70

continuum. That 1a, whereasa aix out of sight dyslexic
children performed lesa well than the normal reading
children on the /ba/-/wa/ diascrimination task, only three or
four dyslexic children perforsed less well than the normal
reading children on the /da/-/ta/ discrimination task.

Thus, it appeared that this continuum was more difficule,
requiring a more efficient perceptusl system. This might
have bean because the /da/-/ta/ atimuli were cloaer to the
acouatic characteristica of natural speech as notad above.
Thia type of finding waa alsco repcorted by Godfrey, et. al.
who found that dyalexic children were better able to parform
with a /bas-/da’/ aas oppoased to a /da/-/ga/ continuum. The
authora suggeated that the extra cue (two rather than one
formant change) in the /ba/- /da/ aeriea may have nade the

perceptual differences easiar to detect.

Daapite the fact that the dyslexic children wvere leas
effectivae at disciminating betwesn the stimuli on the
/da/-/ta/ task, thelir performance was not grosasly abnormal
an compared to the normal readers. As can he seen in figure
9 they evidenced disacrimination peaks which coincided
clcaaly with their established category boundary. Similar
to the normal readers they were generally mcre sensitive in

discriminating stimuli from different phonetic categories
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than stimuli from the same phonetic category. This was also
the case, though Jeas ao, for the /ba/-/wa/ taak (see Figure
15). Godfrey et. al. alao noted this and found that
although dyalexics differed in their abillity to identify and
diacriminate phonetic information, their performance was not
of an extremely poor nature. Since dyslaxic children do not
diaplay obvicus perceptual deficitas, it Is not surprising
that their waak performance on these taaska was not as
extreme aa those reported in subjects who have significant
auditory deficita. For example, grossaly abnormal
performance on synthetic speesch tasks waa seen in studies
with hearing-impaired adults (see Godfray and Millasy, 1978,

13580,

Although overall performance on the nonspeech continuum
was slightly higher for the normal readera than for the
dyalexic group, this difference did not reach aignificance.
This finding suggeated a numbar of thingas. One, it revealed
that the dyalexic children cauld parform a diacrimination
task. Thua, their difficulty with the /ba/-/wa’/ and
/da/-/ta/ tasks waa not simply task-apecific. Two, 1t gave
further support to the notion that the daficit in dyslexic
raadera is apecific to phonetic rather than auditory

information. Three, it gave aome support, aslthough
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inconclusive, to the hypothesis that the deficit in poor
readers was not specific to temporal informetion. This was
not conclusive due to the nature of the nonspesch stimuli.
Recall that the nonapesch atimuli were esch composed of the
iaolatad firat formant transition of the atimulil in the
/ba/-/wa/ continuum, This acoustic configuration was used
in order to obtain a atimulus that was nonspeech-like {n
quality, temporally depandent on and analagoua to the apeech
atimuli. Since the tranaitions varied in duration, the
effaect of eliminating the steady state was to create
syllables which differed in duration and therefore in
intenaity. Although naive adult listeners, when asakad,
atated that the difference betweaen the atimyli was of a
durational nature, the intenaity differance, when noted,
could be perceived. One cannot rule out the pomaibility
that the liateners might have perceived the intensity
difference, rather than, or in addition to, the tamporal
difference. On the other hand, one might argue that the
listeners subconsciously usad an intensity differencs in
order to discriminate betwvean the /ba/-/wa/ atimuli, aince
the aignificant cue in the /ba/-/wa/’/ continuum was

durational.

Time Compressed Speech Tasks
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In contraat to what would be expected by Tallsl, the
dyaslexic readera were able to parceive speech that was
compressed 30 percent as well as the normals. In fact the
dyslexic children were found to perform better than the
normal reasdera, although not significantly so. Similerly,
there was no significant difference between the groups on
the 650 percent condition. Howaver, thera was a greater
differencea betwesen the dyalexic childran’s performance on
the 30 percent and 60 percent tasks than was the case for
the normal readers as revealed by the significent
interaction (see Figure 25). Thuas 1t appeared that the
dyslexic children were more affected by the 60 percent time
compreased condition. This finding might have besan due to
the dvelexic children’s graeater difficulty with degraded
stimuli. Given that the dyaslexic children performed
alightly better than the normal readers on the 30 pearcent
condition, one wonders whether the difference in performance
in the 60 percent c¢endition would have reached significance
were the groups equated in performance on the 30 percent
condition. That ia, i1f the dyalexic children had performed
slightly worase on the 30 percent condition (which can be
aeen as a baaeline) they might alec have performed alightly

woree on the 60 percaent condition and thereby shiftad the
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lack of significance into & significant level. In addition,
it is intereating to note that the two children who
performed the worst on the 30 percent condition also
performed the worat on the 60 percent condition, ie. subject

4 and subject 8 as can be seen in Figures 26 and 27.

Brief Temporal Procesaaing

Demspite the fact the dyalexic children had trouble
procesaing temporal speech cues there was no evidence to
aupport the view that poor readers have a deficit proceaaing
“brief™ temporal information in gensral as asuggested by
Tallal. Although the dyalexic children were leas efficient
at discriminating the phonetic information, as compared to
the normal] readera, thia result alone was not conclusive.
The dyslexic children were able to percaive brief temporal
information, i1.e. atimuli with short transitional durations
(the /ba/-/wa/ identification tasmk) and stimuli in which
there was a brief voice onset time (the /da/-/ta/
identification taak). There wera no differencea between the
groupa in the alopea of the identification taak functions.
In addition no stimuluas had to have a longer transition to
be labeled aa /ba/ or to have a longer voice onset time to

be labeled as /ta/ by the dyelexicas as compared tc the
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normals. In addition, in contrast to what would be sxpected
by the argument offered by Tallal, the groups did not differ
on a task in which apeech was coapressed in time by 30
percent. If anything, the pocr readers were somewha: more

accurate on this task.

Phonetic Perception

The dyslexic children appeared to have some difficulty
procesaing phonetic informaticn. Thia was demonastrated by
the findings on the /ba/-/wa/ and /da/-/ta/ discrimination
tasks and waa auggeated by the results of the 60 percent
time compressed speech task condition. In addition, aupport
was given to the notion that the deficit was apecific to
phonetic information. This was shown by the fact that the
dyalexic children performed esquivalently to the normsl

readers on the nonespeech discrimination task.

In reflecting upon thae reason for the disparity between
the performance of the dyslexic children on the
ldentification and on the discrimination tasks two
poassibilitiaa come to mind. 1) The discrimjination tesk is
nore perceptually demanding than the identification taak.

On the diacrimination taak the perception of the information
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muet be more “exact’” since a subtlae comparative judgement is
neceasary. 2) In the discrimination taak, there is a
greater load on memory. Rather than immadiately reaponding
to one item, the listener has to hold two items in memory
long e#nough to compare the information. Both of theae
possibilities are congruent with notionas presented in the
introduction. These children do not diaplay clinically
obvicus linguistic deficits. Taerefore, any perceptual tash
designed to reveal deficitae must stress their processing
akilla. It might be that the identification taak, the leas
demanding of the two types of taske, wae not sufficiently

atresmsful .

It 18 difficult to separate the perceptual and memory
demandas of the discrimination taak. Aa a reasult one might
argue that it i1is imposasible to know whether the dyslexic
children’s difficulty with the discrimination taaka wasgs of a
perceptual nature or the rasult of a deficit in short term
memory for phonetic information, The argument that the
deficit was apecific to memory processas would seem to be
compelling in light of the fact that the children did not
have trouble with the identificstion task. However it aseemsa
reasconable to propose that the limitation was in part

perceptusl, 1.e. that the children were less effaectivae at
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regiaetering the piunetic information and tnis in turn had an

effect on memory procesaes. The reaasoning is es followa.

It is clearly the casae that dyalexic children can hold

a sequence of two syllables in memory long anough to decide
whether the syllablea are the aame or different, e.g. “cat”
and "hat'. In this respect the memory demand made by the
diacrimination task wasa of a mlnor nature. On the other
hand, there were only subtle differences between the atimul:
in each pair on the diacrimination taak, and the liatener
waa required to make thia perceptually subtle diacrimination
judgement., Given, the taak demands of the A X paradigm it
would aseem that on the asurface, the memory demand was
ralatively minor as compared to the perceptual demand and
therefore that the perceptual demand created the difficulty.

It 14 possible howevar, that a perceptual impairment might
have affected memory processing. The following atudy ought

make this last point clear.

Rabbitt (1968) demcnatrated that the efficiency with
which an input ies perceived can have consequences for
Nenory. He found that normal adultas had greater difficulty
recalling sequancea cof digita presented in white noise than

aaquencea of digits presented with no-noise, deapite the
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tact tLhalt they were able to accuvrately repeat the digite in
noise when they were presented individually. Thus, memory
proceaaea ware found to sufiier because of the increase in
the perceptual demand of the stimuli. Rabbitt arqgued that
the resourcee required to percelive the more demanding
information load (i.e. the noisy sequence’ reduced the
resourcea which were regquired for memory processaing. Thus
although memory proceasea were affected the acurce of the

difficulty wae perceptual in nature.

One additional poaeibility i1is that the poorer
performance of the dyalexic children on the diacrimination
taak (mas compared to the identification taak) waa due to
attentional farctora since the discriminetion task was the
longer of the two taasks, However, while attentional factnra
may have played a&a role in their poor performance, it 18
unlikely that thim factor alone created the effect since the
dyslexic children performed equivalently to the normal

readers on the nonspeech diacrimination task.

The dyslexic children in this study sppeered to have
the moet difficulty with the more difficult tasks. For
example, they did not have trouble with the identification

but they did have trouble with the diascrimination tashksa.
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Further, they had more difficulty discriminating the
/ba/-/wa/ atimuli than the /da/-/ta/ attmull. They had a
tendency to perform worse on the 60 percent than the 30
percent condition. It might not be that that dyalexic
children have trouble with particular acoustic cues but
rather that their difficulty arises when their perceptusl
sygstem ie atressed, The findings of Brady et. al. (198%5)
are consistent with thia notion. Aa noted earlier, in their
atudy, poor readers were found to have difficulty perceiving
phonetically demanding atimuli. Good and poor third grade
readers were compared on repetition taskse which varied 1n
difficulty (monoayllable, multisyllable, and pseudoword
stimuli). While the groups were found to perform comparably
on the easater monosayllable word liat, the poor readera
performed asignificantly worae than the normal readera on the

sultisyllable and paeudoword lista.

Thia notion is alaoc consistant with earlier astudies of
s&peech percaption and reading. As mentioned in the
introduction, Brady et. al. (1983) found that although good
and poor readera performed similarly on a apeech perception
task in qu:et, the poor readers performed worse when noise
was added. Thua, when their perceptual capabilities were

atreased (the speech msignal waa degraded) they performed
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less effectively. The authora concluded that their apeech
perception akilla were leaa effactive than the good

resdera’.

Since the dyalexic children did not have trouble with
the identication tasks and their phoneme boundarieas were
comparable to thoase of the normal readers it would seem that
their difficulty on the diacrimination taaskas did not atem
from a deficit in categcorical perception. That ia,
conaonant with the performance of the normal readers, the
dyslexic children were able to label the stimuli
appropriately and categorize them into linguistic groupsa.
The difficulty sppeared to be specific to diacrimination and
the phenomenon ie perhaps similar to that found in other
studies of apeech perception and reading, e.g. that reported

by Brady et. al. noted above.

Individual differencen

There wea a good deal of variability in the performance
of tha individual dyalexic children both within and acroas
the speech taaks. This ia best aseen in Table 8 where the
performance of the children on the discrisination task (pair

3-6) ia rank ordered. On each task, a few of the dyslexic
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children performed within the normal limits of the normal
reading group. For example, in the /ba/-/wa/ taak subject 5
(DS)>) and subject 3 (D3) performed aimilarly to the noreala.
The same pattern can be aeen for acome of the other dyalexic
children and on the other tasks. However, poor performance
on one task was not a perfect predictor of poor performance
on another. For example, mslthough subject 4 (D4) performed
poorly on the /bha/-/wa/ tamk and the 60 percent time
compresaed apeech teak, he performed like the normal reading
children on the /da/-/ta/ taak. Again, thias can be seen for
aome of the other children. The diveraity of the
performance of the dyalexlc group ia not unlike that found
in othar atudiea in the literature (mee Vellutino, 1979).
That is, it is&8 not uncommon to find that some dyslexic
children perform like normal reading children on a tasak
which other dyslexic children selected from the same group
fail. Nor i1a it uncommon to find that some dyslexic
children will fail one taask and succeed on another that
appearsa toc aasesa the aame or similar functions. For
exanple, in a atudy by Bradley and Bryant (1978) 91 percent
of the backward readera made errora on one task assesnsing
phonetic sophiatication (i.e. where they had to pick which
waa the odd word cut of a group of 4 wordsa (e.g. nod, r-d,

fed, bed})) and 38 percent of the backward readers failed a
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different task alac assssaaing phonetic sophistication (i.e.
where they had to produce rhymea for worda). Further, what
i1& oifiten Aeen 1n clinical practice ia that thesaa children

vary in performance from day to day.

The difficulties in researching the dyslexic population
are perhaps best shown in the aubtype literature where
repeated attempta have been made to subcategorize
homogeneoua groupa of children. Categoriea have been
defined by various researchers. However (it 1is not uncommon
to find that large numbera of children do not fit any
category because of their mixed or overlapping deficita.

For example Denckla (1973 uaing a subtype acheme similar to
that of Mattim, French and Rapin‘s (1975) found that 70
percent of the children had either mixed deficita or did not

fit any a priori category (Taylor, Fletcher and Satz (1982).

Reading Skill

To recall, on the bamis of the Boder teat two groups of
dyslexic readers were formed: a dysphonetic and a mixed
dyaphonetic-dyaeidetic reading group. Howaver no

differences in performance on the discrimination or tinme
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compressed speech tasks were found bstween these two groups.
This was not a surprising finding since one of the defining
features of the group identified as "mixed" was that their
reading and sapelling errors auggeat, like thosae of the
dysphonetic group, that they have difficulty in the
phonological domain. On the other hand, given Boder'’'as
description of the children in the mixed group (i.e. that
they are the mcat disabled of the reading diaordered
children), one might expect that they would not do as well
on the apeech tesks as the children in the dysphonetic
group. In light of this, one cannot help but entertain the
possibility that the Boder teat jia not valid for purposea of
aubtyping. Relevant to thia is the finding of Godfrey et.
al, (1981) who did not find parformance differences between

dyaphonetic and dyseidetic readers.

Future satudiesa

It appeara that dyslexic children are less efficient at
procesaing temporal cues in apeech aignala. However it may
bae tha case that their difficulty is not apecific to
temporal information but axists for other speech cuesa as
wall. To test this one could employ the same paradigm as

that uaed in thia atudy with satimull in which the apeech cue
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is sapectral in nature, e.g. /sa/-/fa/. In thia regard 1t is
intereating to note a recant atudy by Tallal and Stark
(1981). They found that language discordered children
performed mignificantly worse on a /sa/ versus /fa/
contraat. (The experimentasl paradigm was exactly the asame
as that used in their earlier atudiesa, noted earlier.) The
ayllablee used Iin the study differed spectrally throughout
130 millimaeconda of frication., Tallal expected that the
children would not have difficulty aince her temporal theory
suggeats that 130 milliseconda ia of sufficient duration for
diacrimination. Tmalilal concluded from these findings that
the perceptusl deficit in language impaired children may not
be limited to diacriminating apaecific typaa of temporal

cuea, but may alao include apectral cues.

In order to lend further support to the notion that
dyaslexic children have a perceptual deficit that is eBpecific
to phonetic (as opposed to auditory) information cne ought
use speech and nonspeech stimuli that are perfectly
comparable. Poasible candidatas are /da/-/ga/ atimuli
aimilar to thoase uvaed in a atudy by Mann and Liberman
(1983). The apeech stimuli in thelir atudy waere each
compoased of three formant ayllables in which the third

formant varied from a transition appropriate for /da’/ to one
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appropriate for /sga/. The nonspeech stimuli were the
isclated third formant tranaitiona of the /da/-/ga/ aet and
they sounded like chirps. By uaing theae stimulil rather
than thoae used in the present study one eliminates any

poasible confounding of intensity.

Since thare was a greater spread between the
performance of the dyslexic children on the 30 and 60
percent time compressed taask, than waa the case for the
norsal raaders, it would be intereating to see whether the
apread would widen if the demandas ¢f the task were
increasad. To the aim, it would bae useaful to include a task
that 18 time compressed 70 parcent. That a deficit for the
poor readers would be apparent is auggeatad by the falling
alope of the function for the dyslexic group in Figure 25.
In addition, it would be intersating to ses whether dyslexic
children have a perceptual deficit for apecific acocuatic
cues, or one that is more general and would arise with any
phonetically demanding task, To thiae aim it would be usaeful
to include, in the sama study, & variety of phonetically
demanding taaka, e.g. a filtered apeech task, a tiae
compressed task and a task in which speech is placed in

noisae,
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Final Remnarks

Although we do not completely understand exactly why it
ils that some children have trouble learning to read, there
is atrong evidence that the asyndrome stesas from some deficit
in language ability, and in particular phoneoclogical
procesaing. The preaent raesearch lends further aupport to
this nction. In particular, it has baaen shown that some
dyalexic children have trouble discriminating phonetic
information and in perceiving speaech cues that are temporal
in nature, i.e. voice onset time and tranaition duration.
Although acome of the dyslexic children were found to have
trouble procaasaing temporal apeech cuaa there was no
evidence to suppeort the view that poor readera have a
deficit processing "brief" temporal information in general
as suggeated by Tallal. The results of this atudy provide
additional evidence that poor readers have difficulties in

the phonological domain.
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Schematic representations of /da/—-/ta’/ patterns

| e S
F—

DA TA
TINME

109



v

Frequenre

Figure 3 110
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