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ABSTRACT

Previous studies have shown that children suffefioign developmental dyslexia have a
deficit in categorical perception of speech souiiti® aim of the present study is to better
understand the nature of this categorical perceptedicit. In this study, categorical
perception skills of children with dyslexia werengoared to those of chronological age
and reading level controls. Children identified alstriminated /do-to/ syllables along a
Voice Onset Time (VOT) continuum. Results showeat tildren with dyslexia
discriminated among phonemically contrastive pleiss accurately than did chronological
age and reading level controls, and showed higirsitvity in the discrimination of
allophonic contrasts. These results suggest thialreh with dyslexia perceive speech with
allophonic rather than phonemic units. The oridialtophonic perception in the course of

perceptual development and its implication for negdcquisition are discussed.

Keywords:Dyslexia, Categorical Perception, Speech DevelopyAdiophonic Perception.
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INTRODUCTION

Dyslexia is characterized by a severe reading impait without other physiological or
psychological problems (Stanovich, 1996; Shaywli#98; Lyon, Shaywitz, & Shaywitz,
2003). There is a growing amount of evidence thanplogical factors play an crucial

role in the acquisition of normal reading and ghiabnological processes are impaired in
children affected by dyslexia (Snowling, 2000; Ram2003; Ramus, Pidgeon, & Frith,
2003a; Ramus, Rosen, Dakin, Day, Castellote, W&iterith, 2003b; Sprenger-Charolles,
Colé, & Serniclaes, 2006). Indeed, it is now wethblished that to learn to read in
alphabetic orthographies, it is necessary to lemmap graphemes with phonemes, this
process being easier when children can use a shaithography than when they are
faced with an opaque orthography (for instanc&panish compared to English, see for a
review, Sprenger-Charolles et al., 2006). Howewigtever the opacity of the
orthography, it has nonetheless been shown thigt rediance on grapheme-phoneme
correspondences is a bootstrapping mechanism tiamefeeading acquisition. For instance,
children who were the best early decoders of gnaygphoneme correspondences turned
out to be the best readers. Evidence of this igiged by longitudinal studies (Share,
1995; Sprenger-Charolles et al., 2006), and byabithat training based on grapheme-
phoneme correspondences is the most effective,(Bbries, Stahl, & Willows, 2001a;
Ehri, Nunes, Willows, Schuster, Yaghoub-Zadeh, &i&than, 2001b). In addition,
dyslexics experience great difficulties when thayéto rely only on grapheme-phoneme
correspondences to read, without the help of tegical knowledge, i.e., for the reading of

unknown words, or pseudo-words. Indeed, such @itefithe key characteristic of
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developmental dyslexia, for this deficit is considty found in group studies, even as
compared to reading level controls (Rack, Snowl&a@Ison, 1992; Van ljzendoorn &
Bus, 1994; for French data, see Sprenger-Char@i@e, Lacert, & Serniclaes, 2000) and
is systematically observed in most participantsimgle and multiple case studies
(Sprenger-Charolles et al., 2006).

Finally, a good level in phonemic awareness seedispensable for making appropriate
use of grapho-phonemic correspondences. Indeedigthe pre-reading abilities linked to
reading acquisition, phonemic awareness has beewmsto be the best predictor of future
reading level, while evidence for the unique cdmittion of syllabic awareness and rhyme
awareness is very limited (for a review, SprengkaiGlles et al., 2006. In addition,
deficits in phonemic awareness have been foune tadre reliable than deficits in
phonological short-term memory or in rapid namiegy(in English: Bruck, 1992;
Chiappe, Stringer, Siegel, & Stanovich, 2002; Pegtan, Cardoso-Martins, Green, &
Lefly, 2001; in German: Wimmer, 1993). However, sodiscrepancies between the
results of dyslexics faced with a transparent ataphy have been reported in regard to
phonemic awareness. Indeed, such a deficit waswezben some studies (e.g. in Spanish:
Jimenez-Gonzalez, & Ramirez-Santana, 2002; in CZeatavolas, Volin, & Hulme,

2005; in German: Landerl, Wimmer, & Frith, 1997;r¥ner, 1993; in French: Sprenger-
Charolles, et al., 2000; Ziegler, Castel, Pech-GeloGeorge, Alario, & Perry, in press)
but not in other studies (e.g. Landerl & WimmerQ@Qp Nevertheless, it seems difficult to
argue that the dyslexic’s deficit in phonemic awass is a mere consequence of reading

acquisition since in some of these studies thatit@fas observed relative to reading- (or
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spelling) matched control peers (e.g. in Englistudg, 1992; Chiappe et al., 2002;
Pennington et al., 2001; in Spanish: Jimenez-Gezz&l Ramirez-Santana, 2002; in
Czech: Caravolas et al., 2005), and even befodirrgacquisition in future dyslexics

compared to future average readers (e.g. Sprengaolles et al., 2000).

Most of the studies in this field have used taskslving the explicit segmentation of
spoken words (phonemic counting, phonemic deledad, phonemic inversion). However,
there is also some evidence for implicit phonolabdeficits in dyslexic children. Boada &
Pennington (2006) showed that children affectedysfexia performed consistently worse
than controls when more segmental representatibiesenrequired in lexical gating,
priming and syllable similarity tasks. This migkflect either a specifically segmental
deficit or a core deficit in phoneme representattbe latter having in turn several
different consequences for achieving segmentatioinogher tasks. Interestingly, the
results of speech discrimination experiments sugges dyslexic children indeed have a
deficit in phoneme representation and which woddharacterized by the use of
allophonic, rather than phonemic, representatidrspeech sounds (Serniclaes, Van
Heghe, Mousty, Carre, & Sprenger-Charolles, 20B49phones correspond to mere
contextual variants of phonemes in the languagetefest, while being phonemic in other

languages. For instance, some languages displagfald distinction between /d/

(voiced), /t/ (voiceless) ancrlt(voiceless aspirated) stops whereas other lareguaigly
have a single dl"distinction. However, in these languages theaft'sonant is also present

as an allophone of either the /d/ ori‘//rthoneme.
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Categorical Perception deficits in dyslexia

A fairly large number of studies on the perceptlistrimination of speech sounds have
reported categorical perception deficits in pe@bfected by developmental dyslexia
(Brandt & Rosen, 1981; Godfrey, Syrdal-Lasky, Mill& Knox, 1981; De Weirdt, 1988;
Reed, 1989; Serniclaes, Sprenger-Charolles, Ca&monet, 2001). The data presented
in this paper lend further support to the existesfca phonemic discrimination deficit in
dyslexia and also to the claim that this deficiterets a specific mode of speech perception
based on allophonic rather than phonemic unitsoi@efxamining the arguments in
support of the allophonic explanation of dyslexva, first provide a unified view of the
categorical perception deficits.

Three different kinds of speech categorizationditsfihave been evidenced in people
affected by dyslexia, depending on the experimgraeddigm under use: discrimination
alone, labeling alone and discrimination vs. latelWhile each of these three deficits is
somehow related to “categorical perception”, treeealso important differences between
them. Discrimination between stimuli which lie agsa@a phoneme boundary is normally
better than discrimination between stimuli locatethin a category (see Figure 1).
Further, the observed discrimination scores shoafdhally coincide with those expected
from labeling. The magnitude of the boundary dreanation peak (Wood, 1976) and the
correspondence between the observed and expestdrdnation scores (Liberman,
Harris, Hoffman, & Griffith, 1957; 1978) are twoffdirent indexes of categorical

perception and both have been used in the studidygexia. In this paper, the categorical



CATEGORICAL PERCEPTION DEFICIT AND DYSLEXIA 7

perception deficit will refer to a reduction in dignination peak, unless otherwise
specified. Still another index of categorical p@taen is based on the slope of the labeling
function, a shallower slope indicating a lesserdeg@f categorical “precision” (Simon &
Fourcin, 1978). We will refer to the reduction retslope of the labeling function as the
"categorical labeling"deficit.
Various studies evidenced a Categorical Perceplgdicit by showing that the phoneme
discrimination peak was smaller in dyslexics vsoablogical age controls (Brandt &
Rosen, 1981; Godfrey et al., 1981; De Weirdt, 1388d, 1989; Serniclaes et al., 2001).
Some studies also compared observed discriminatiores to those expected from
labeling data and they showed that the discrepamsylarger for the children affected by
dyslexia, which reveals another form of CategoriRalception deficit (Brandt & Rosen,
1981; Godfrey et al., 1981; Werker & Tees, 198Maly, the slope of the labeling
function was also found to be shallower in dyslexis. chronological age controls, thus
evidencing a categorical labeling deficit (Reed89;9Manis, McBride-Chang, Seidenberg,
Keating, Doi, Munson, & Petersen, 1997; Joanissanib] Keating, & Seidenberg, 2000;
Chiappe, Chiappe, & Siegel, 2001; Maassen, Grodder, Assman-Hulsmans, &
Gabreéls, 2001).

Insert Figure 1 here
Further, studies with adult developmental dyslexiicsnot find either a Categorical
Perception or a labeling deficit in the behavigesponses although categorical differences

were present in the neuronal recordings (Ruff, Elaat, Marie, & Demonet, 2002; Ruff,
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Marie, Celsis, Cardebat, & Demonet, 2003; Duforn®aes, Balduyck, Sprenger-
Charolles, & Démonet, 2006).

Most of the previous studies dealing with the Catmgl Perception deficit in dyslexia
only used chronological age controls. The preseafic Categorical Perception deficit in
dyslexics relative to chronological age controlscemmonplace in the literature on
dyslexia (Werker & Tees, 1987; Serniclaes et &1Q12 Serniclaes, Van Heghe, Mousty,
Carre, & Sprenger-Charolles, 2004; Maassen et@D]1). The few studies which used
both chronological and reading level controls fhile® find significant differences in
Categorical Perception between dyslexics and rgal@ivel controls (in French: Boissel-
Dombreval & Bouteilly, 2003; in Dutch: Foque, 200#; English: Manis & Keating,
2004). However, the deficit was present though sighificant in one of these studies
(Foqué, 2004), and a strong Categorical Perceptadicit was found for those dyslexics
who also had Specific Language Impairment in anmosiedy (Manis & Keating, 2004).
This suggests that a Categorical Perception defight also be present when comparing
dyslexic children to reading level controls. Comgamns with reading level controls allow
to discard differences in reading level as a pésstiause of the deficits associated to
dyslexia (e.g. Bryant & Impey, 1986). One of thgegokives of the present study is to
provide a further test of the differences in Catemb Perception between dyslexics and

reading level controls.

Origin of the categorical perception deficit: allmmic mode of speech perception
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The Categorical Perception deficit in dyslexiahamcterized not only by reduced
discrimination of across-category differences betwstimuli straddling the phonemic
boundary but also by increased discrimination dhinicategory differences (Serniclaes et
al., 2001). Furthermore, dyslexics exhibited a brgbensitivity to phonetic distinctions
between different members of the same phonemeagtégerniclaes et al., 2004).

The enhanced sensibility to phonetic componenghohological contrasts could originate
from an allophonic mode of perception. Allophonergeption means that phonetic
features which are not relevant for native langyalgenology remain discriminable,
possibly as a consequence of deviant perceptualawent in early childhood. Infants
are born with the ability to distinguish all thegoietic contrasts in the world’s languages
(Eimas, Siqueland, Jusczyk, & Vigorito, 1971; LasByrdal-Lasky, & Klein, 1975;
Streeter, 1976; Aslin, Pisoni, Hennessy, & Per&31). This ability would be either
enhanced or, instead, somehow neutralized dependitige relevance of the contrasts in
the linguistic environment of the listener (WerkeTees, 1984;1999). For example,
infants younger than 6 months are able to discamaii3 voicing categories separated by
two VOT boundaries (Lasky et al., 1975; Street6r,6 see Figure 2a and Footnote 1).
However, after about six months of age voicing pption differs according to native
language. Infants raised in an English environmeatt more to the positive VOT
boundary than to the negative VOT boundary (Asliale 1981; see Figure 2b). However,
the enhancement of a boundary is not the only plesdevelopmental pathway; in
languages such as French or Spanish, boundarieb a&te not present in infants’

predispositions emerge frooouplingsbetween predispositior{sloonhorst, Colin,
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Deltenre, Radeau, & Serniclaes, 2006; see FiguteTRese languages use a single
distinction between negative VOT and moderatelyglpasitive VOT, and the boundary is
located around 0 ms (Serniclaes, 1987).

Insert Figure 2 here
The combination between the two predispositiong{ug, e.g., negative VOT, and
aspiration, e.g., positive VOT) is interactive re tsense that the perception of one feature
depends on the perception of the other. Such “paraéinterdependencies” (Koffka,
1935) have been referred to with different termperceptual theories, among which
“coupling” (Hochberg, 1981) is the most appropri@téhe present context as it
emphasizes the functional link between a new fahauntity and its primitive components
Evidence for coupling between predispositions hentrollected both for voicing
(Hoonhorst et al., 2006) and for consonantal ptdceticulation (Serniclaes, Bogliotti, &

Carre, 2003;Serniclaes & Geng, accepted).

Origin of allophonic perception: a coupling deficit

The existence of couplings between categoricalippeditions for phonetic contrasts in
the early stages of speech development suggesthéhacquisition of language-specific
distinctions does not only proceed by selectioprefwired processes but that they also
involve fairly complex combinations between predssigions. Previous data suggest that
couplings between predispositions are deficiemhifdren affected by dyslexia.

The evidence was based on increased within-catetipcyimination by dyslexic children

vs. chronological age controls (Serniclaes e28l01) and, more specifically, on the
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presence of within-category discrimination peaktmdiscrimination functions of

children with dyslexia. When discrimination of V@®ontrasts by children affected by
dyslexia were compared to those of reading age@snboth groups displayed a
discrimination peak around the phonemic boundatyhmidyslexic children also

displayed a second discrimination peak at -30 m3 {&erniclaes et al., 2004). This latter
peak is presumably allophonic in nature becauseriesponds to one the two voicing
boundaries in Thai (Lisker & Abramson, 1970), agiaage with three voicing categories
(/d/, It/ and H, see Figure 2).

A child who perceives allophones rather than phareete.g., /d/, /t/ and"/tin a language
where only /d/ and "t are phonemic) would have difficulties attributitige same written
symbol (e.g., “ t ") to sounds belonging to differeategories in his or her oral repertoire
(e.g., It/ or /). The mismatch between spoken categories andephes might lead to
important problems for learning to read, even imlyfaransparent orthographic systems.
The establishment of grapheme-phoneme correspoeslen@quires one-to-one,
contextually invariant, relationships between phoes and graphemes. Allophones are
neither biunivocally related to graphemes nor cdwoigly invariant; this renders the
discovery of regularities between graphemes andecspesounds highly hazardous.
Computer simulations support this hypothesis bywshg that the suppression of
“phonological attractions” between phonetic feasyureconceptually similar to the
“phonological couplings” defined above, has sigrfit negative effects on the reading

performance of a connectionist network (Harm & $8alebrg, 1999). This supports the
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contention that allophonic perception severely d@ffereading performances in human

beings.

THE CURRENT STUDY

The present study aims to assess the categoricabgimn deficit in dyslexics in
comparison to chronological age and reading levehtrols by collecting both
discrimination and labeling data on a VOT continuum

The first objective was to reduplicate previousliimgs on categorical deficits in a single
study and using the same method for testing batligcrimination and labeling deficits.
The second objective was to provide a furtherdéatlophonic perception in children with
dyslexia. We expected to find a higher allophonscdmination peak in dyslexic children
vs. controls and this peak should correspond tméteral negative VOT boundary (about
-30 ms). The third objective of the present studg W assess categorical deficits by
comparing dyslexic children not only with chronalsy age controls but also with reading
level controls. As previous studies do not unambigslly point to the presence of a
Categorical Perception deficit when comparing aedwith dyslexia to reading level
controls, we wanted to provide a further test of ttypothesis. The inclusion of young
normal reader children matched on reading levehitmren with dyslexia allows to assess
whether children with dyslexia would suffer frond@velopmental deviance or a
developmental delay in their categorical percepskili. The presence of a deficit would

mean that it is partly independent of reading elepee or linguistic development. The
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fourth objective was to assess the individual bdlity of the categorical deficits and

allophonic perception when compared to either abiagical age or reading level controls.

METHODOLOGY

Participants

Twenty-one children in the 4th grade (10 years-alty 10 younger children (mean: 7, 6
years-old) participated in our study. Children weetected using the following procedure:
the parents of seventy-five 10 year old childrereneed a questionnaire about
participation in the present study, and we coli@ekout 40 responses. From all these
responses, we selected children (i) who were mogoél French speakers and had no
auditory problems, (ii) who had average verbal mo-verbal 1Qs. Failure to fulfill either
of these requirements was cause for exclusion fhenstudy. According to a standardized
reading test (“I'Alouette”, Lefavrais, 1965, theildnen were classified as dyslexics or
average readers (chronological age controls). TWerg 10 dyslexics (3 females, 7 males;
the age range was from 9.04 to 10.03 year old) avitbading age at least 18 months below
the expected reading age (see Footnote 2) andrbhalbgical age controls (7 females, 4
males; the age range was from 9.04 to 10.03 yeamoth a reading age above or equal to
the expected lexical age.

The same procedure was used in order to seledhrel@del controls: the parents of about
100 children received a questionnaire regardinggyaation in a longitudinal study (see
Footnote 3) and we collected about 75 responsesoflinese children (3 females, 7

males; the age range was from 6.09 to 8.01 yeamade matched with dyslexics
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according to their reading scores: four were latigrs, and six were 2nd graders. All
reading level controls children had the readinglexpected for their age: they presented
a maximum of 1 month delay or 3 months advanc@mparison to the expected lexical
age.

Summary statistics of the main group charactessre presented in Table 1. Non verbal
IQ was assessed on Raven’s Standard Progressive@saiSPM; Raven, 1976, and verbal
IQ was assessed with the "Echelle de Vocabulaidenages Peabody” (a French
adaptation of the Peabody Picture Vocabulary Tesided: Dunn, Thériault-Whalen, &
Dunn, 1993) for the chronological age controls dpslexics groups and with the "Test de
Vocabulaire Actif et Passif" (Passive and Activecdbulary Test: Deltour & Hupkens,
1980) for the reading level control group (see Rotd 4). In addition, we report the results
obtained by each group in an assessment of treding and reading related skills (based
on the test battery “EVALEC”, see Sprenger-Chasl{eolé, Béchennec, & Kipffer-
Piquard, 2005. For reading related skills (phonesmiareness, and phonological short-
term memory) there were only pseudowords in ord@vbid biases due to differences in
the children’s vocabulary level. In addition, taal differences in experimenter’s
articulation, the items were recorded beforeharttithe children heard them through
headphones. For these two tests, as well as foafheé naming test, practice items were
first provided and no feedback was given duringtést. For the phonemic awareness test,
the children were required to delete the first [sbof 24 pseudowords, 12 with a
consonant-vowel-consonant (CVC) structure, and fiwith a consonant-consonant-

vowel (CCV) structure. For the CVC test, the initansonant was either a plosive or a
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fricative (half of each). For the CCV test, a pl@s(4 items) or a fricative (4 items) was
followed by a liquid and a plosive was either folkd (2 items) or preceded (2 items) by a
fricative. For the phonological short-term memagtt the children were required to repeat
three- to six-syllable pseudowords (6 items forhdaagth, 3 with only CV syllables and 3
with a CVC syllable). The items were presented atreetime, in increasing order of length
(the 6 three-syllable items first, followed by tio@ir-, five-, and six-syllable items). The
memory span measure was the number of syllabléiitems of the last series for which
at least four correct responses were given, artalid vary from 2 (when the child failed

to correctly repeat at least 4 out of the 6 thrgkaisle items) to 6 (when the child was able
to correctly repeat at least 4 out of the 6 sixake items). Naming speed was assessed by
a serial naming task using color (six colors presg® times in a different order). Three
items had a CVC structure: ‘rouge’ (red), ‘jaungl{ow), ‘vert’ (green), and three items
had a CCV structure: ‘bleu’ (blue), ‘blanc’ (whitegris’ (grey). The items were presented
on a sheet of paper. For the reading skills, childvere required to read aloud two lists of
words and two lists of pseudowords presented osdreen of a computer. The words of
the first list were orthographically regular andrevenatched to the first list of
pseudowords according to their orthographical cexipl. The words of the second list
were either short or long orthographically irreguards matched to short and long
pseudo-words according to their bigram frequency.

For all tasks, group differences were assessedrépeated-measure ANOVA, and
contrast analyses were done to test differencegdeet dyslexics and either chronological

age controls or reading level controls. The resaréspresented in Table 1.
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There was a significant difference in chronologagé between dyslexics and reading
level controls but not between dyslexics and chiagioal age controls. Alternatively,
there was a significant difference in lexical agéneen dyslexics and chronological age
controls but not between dyslexics and readingl lemetrols.

As regards 1Q scores, there was no difference tor-Merbal IQ between groups. Verbal
IQ was higher in chronological age controls vs.leiss (see Footnote 4). However, the
vocabulary level of all the children integratedhie study was within the normal range, be
it assessed with EVIP (dyslexic children and chtogical age controls) or with TVAP
(reading level controls). For reading related skilhe dyslexics lagged behind both control
groups for the two phonemic awareness tasks, ajthounly the CVC scores were
significantly different between the two latter gpsu For phonological short-term memory,
there was only a significant difference betweendysexics and the chronological age
controls. RAN scores were not significantly diffier&etween groups. In addition, the
reading scores of the dyslexics lagged systembtibahind those of the chronological age
controls. The reading scores of the dyslexics lalgged behind those of the reading level
controls but only for the reading of the short &ty pseudowords, not for regular or
irregular word reading.

Insert Table 1 here

PROCEDURES

Stimuli Categorical perception was evaluated on a /do-@TI \¢ontinuum, ranging from
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-50 to +50 ms VOT, and developed with natural she@ée combined excerpts from 3
different stimuli: a French [do] with a negative YQan English [do] with a +19 ms VOT,
and an English [to] with +70 ms VOT. This continuwmas obtained by pasting a 50 ms
negative VOT extracted from French [do], beforerglease of English [do]. Then we
reduced the negative VOT in 10 ms increments. \Wga girogressively replaced the post
release segment of the English [do] with positi@TVexcerpts take from the English [to]
in five 10 ms increments. Stimuli were played abenfortable level using Beyerdynamic

DT290 headphones.

Speech perception taskor categorical perception tasks, participants wested

individually, seated comfortably in front of a laptmonitor. They were tested with the
“Percept A” and “Percept AB” programs developeddarré (see Footnote 5). They were
first trained to relate stimuli and same-differdigicrimination responses to AX pairs (i.e.
sequences of two stimuli, either identical or déf&t) including the endpoints of the VOT
continuum (-50 vs. +40 and -40 vs. +50 ms VOT ,bah pairs representing /do-to/). They
were asked to indicate whether the pairs preseméee identical or different by pressing
the appropriate key on the computer. No feedbackpavided. Children were allowed to
continue the experiment if they reached the 75%ecbdiscrimination threshold criterion.
Then, AX discrimination responses were collectaom@i were presented in pairs
including either two different stimuli or the sastemulus twice. Both “different” pairs
(stimuli differing by 20 ms VOT, in two differentders, e.g., S1S3 and S3S1 which both

represent /do-do/ syllables; or S6S8 and S8S6 whkjatesent /do-to/ and /to-do/
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syllables), and “same” pairs (e.g., S1S1 and S@8&h both represent /do-do/ ; or S6S6
and S8S8, which both represent /to-to/) were ptegan random order with equal
frequency (4 presentations for each pair). As @tthining trial, listeners were asked to
indicate whether the pairs presented were idenicdlfferent. The inter-stimulus interval
(ISI) was 100 ms and the inter-trial interval (ITias 1000 ms. Finally, children were
tested on their identification skills. The 11 stinwere presented 10 times in random order
and the child had to identify them as /do/ or itp/fpressing the appropriate key on a
computer keyboard. The total test duration wasolia25 minutes (20 minutes for the

identification task, 5 minutes for the discrimiratitask).

Psychometric test&roup differences were assessed by a repeated-ragadOVA, and

a contrast analysis on group in this ANOVA perndittesting differences between

dyslexics and either chronological age controlseading level controls.

Discrimination data processindpiscrimination results were analyzed in terms &f th

percentage of “same — different” correct discrinimascores. For each stimuli pair, these
scores were obtained by computing the mean pegetfa‘different” responses for pairs
of acoustically different stimuli (e.g., 0 vs. +@& VOT pair, /do-to/), and “same”
responses for pairs of identical stimuli (e.g.sO& ms VOT or +20 vs. +20 ms VOT pair,

respectively /do-do/ and /to-to/).
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Labeling data processingxpected discrimination scores were calculated fiioen

labeling data (Footnote 6). These scores are maitieattly equivalent to the “same —
different” observed discrimination scores and theye used for comparing the labeling
and discrimination data on the same scale. Theeslopthe labeling functions were also
used for the sake of comparing the present datatiw literature (see Introduction). The
slope was measured separately for each subjed usgistic Regression with the
Labeling Response as the dependent variable andagdidependent variable. The
Logistic function (McCullagh & Nelder, 1983) is fi simple and it has been frequently
used for fitting labeling curves in the studiesspeech perception (e.g. Nearey, 1990,
though other functions such as the Cumulative Nb(Fianey, 1971) are also possible
and the latter has also been used in speech pemspidies. Equation 1 gives the most

general form of the Logistic function.

Equation 1 :
P (response) =%/ (ey +1)
where
y =Logit (P) = log (P/(1-P)) = | + S*VOT

where | stands for the intercept and S corresptmti®e slope of the labeling function. The

boundary, which corresponds to P=0.5 or to Logit(Ris obtained by taking —I/S.
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Analysis strategyFirstly, the difference in categorical perceptim@iween discrimination
and labeling scores were tested in a VOT x ScopeTgliscrimination vs. labeling scores)
x Group (chronological age controls vs. dyslexissreading level controls) ANOVA,
repeated over participants. Secondly, and as peduilde VOT x Score x Group interaction
was significant as expected, the differences baetwgeeups were tested separately on the
discrimination scores and on the labeling scoréls WOT x Group ANOVAs, repeated
over participants. Between-group differences fer@Rkpected discrimination scores
(labeling scores) were compared with those obtaioethe slopes of the individual
labeling functions. Differences between groups weséed separately for the dyslexics vs.
chronological age controls and for the dyslexics®ading level controls.

Differences in categorical perception and in allmpikb perception were tested with VOT x
Score Type x Group interaction contrasts. A Phoogreak was computed as the
difference between the across-category discrimonacores, i.e. those collected for the
stimulus pairs straddling the phonemic boundary, \&ithin-category discrimination
scores, i.e. those collected for the stimulus pasi&le the two categories, either voiced or
voiceless. An Allophonic peak was computed as tfierdnce between the allophonic
discrimination score, presumably correspondindnéostimulus pair straddling the -30 ms
VOT value, and those collected for the other stimylairs inside the voiced category. As
there were two contrasts per group comparison éetics vs. chronological age controls
and dyslexics vs. reading level controls), onedsting the Phonemic peak and the other

for testing the Allophonic peak, P values for tegtcontrasts were Bonferroni corrected by
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a factor two (i.e. the effective .05 P level wasate025).All statistical analyses, at the

exception of the Bonferroni corrections, were permied with the SPSS software.

RESULTS

Categorical perception: Difference between expeatebobserved discrimination scores

The labeling functions of the three groups of atgidare presented in Figure 3. As can be
seen, the phoneme boundary (i.e. the 50% do-t@nssppoint) is located at about +15 ms
VOT for each group. Observed discrimination scamed those expected from labeling are
presented in Figure 4a, 4b and 4c for the dyslexizonological age controls and reading
level controls respectively. For the controls, diserved discrimination scores were close
to the predicted scores, thus showing a high le¥elategorical perception, whereas for

children with dyslexia, observed discrimination i&sodid not match the expected scores.
In addition, a second discrimination peak appeate@0 ms VOT, which was absent for

chronological age controls and reading level cdrgroup. This peak was located close to
the expected VOT value (-30 ms, see Introductiany] will therefore be considered as

“Allophonic”, as will be further commented in thaddussion.

Insert Figures 3 and 4 here
For the comparison between dyslexics vs. chrono&gige controls, a Score Type x VOT

x Group ANOVA indicated that the Score Type x VOGroup interaction was significant
(8,152) = 2.85, p< .05, Greenhouse-Geisser codgeaié=.13). For the comparison

between dyslexics vs. reading level controls, ar&doype x VOT x Group ANOVA

indicated that the Score Type x VOT x Group inteoacwas just significant (F(8,144) =
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2.65, p= .05, Greenhouse-Geisser correcitgd;13). Accordingly, further analyses were

conducted separately on the discrimination andilapscores.

Categorical Perception: discrimination peak

For the controls (Figure 4b and 4c), stimulus psiraddling the phonemic boundary (i.e.
the pairs centered on +10 and +20 ms VOT) weraglyaiscriminated whereas
discrimination scores for the pairs inside the saategory were at chance level (50%).
The observed Phonemic peak was fairly large, witfi% and 14% difference between
across and within category discrimination respetyivor the chronological age controls
and reading level controls (Figure 4b and 4c). @osely, the observed Phonemic peak
was quite low for the dyslexics (3% difference,fg4a) and a second discrimination
peak, located at -20 ms VOT, was present for trosg

Differences in discrimination scores were testquhsately for the dyslexics vs.
chronological age controls and for the dyslexicsr®ading level controls in two VOT x
Group ANOVAs. The VOT x Group interaction was sfgrant for the dyslexics vs.
chronological age controls (F (8,152)= 4.51, p<;G$%.19) and marginally significant
dyslexics vs. reading level controls F (8,144)=72{3<.05n2=.12). Examination of VOT
x Group contrasts showed that the Phonemic peédrelifce between dyslexics and
chronological age controls was significant (F (3519.55, p<.0512=.33), while the
Phonemic peak difference between dyslexics andrrgdelvel controls was not significant

(F(1,18)=4.15, p=.0612=.19). Allophonic peak differences were significéor both
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dyslexics vs. chronological age controls and dyskexs. reading level controls

comparisons (F(1,19)= 11.9, p<.0{#:.39; 19.6, p<.00:n2=.52; respectively).

Categorical Labeling

Examination of the expected discrimination sconekigure 4 indicates that fairly similar
phonemic peaks were present for each group andehsecondary peak was visible for
the dyslexics. Differences in labeling scores wested separately for the dyslexics vs.
chronological age controls and for the dyslexicsr®ading level controls in two VOT x
Group ANOVAs. The VOT x Group interaction was nigingficant for both the dyslexics
vs. chronological age controls and dyslexics vadirgg level controls comparisons (both

F<1). All the interaction contrasts of interest waon significant (all F <1).

Labeling scores vs. slopes

Labeling functions are presented in Figure 3. Thpesof the function is steeper for the
chronological age controls vs. reading level cdetemd dyslexics (in that order).
However, individual slopes were highly variable it groups and differences between
groups were not significant when tested with ANOWFA1,12=.02). Differences between
groups remained non significant when tested wighnibn-parametric Mann-Whitney U
test, so as to take into account the effect ofiptessutliers (for dyslexics vs.

chronological age controls: Z=1.41, p=.16; for eéysts vs. reading level controls Z=1.21,
p=.23). Although non significant, the differencesvoeen the slopes of the functions

between groups might seem weird given the simiarin the mean expected
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discrimination peaks (Figure 4). This was partlg do the reversals in the labeling curves
of three among the ten dyslexic participants arahedoundary region, which contribute
negatively to the slope but positively to the bedneategory expected scores as the latter
are ‘blind’ to the direction of the changes in lifg scores. Further, the floor and ceiling
of the dyslexics’ labeling curve also contributesatively to the slope but did not affect
the within-category expected scores, as the latigrdepend on differences between
labeling scores.

As the groups also differed in the magnitude offtber and ceiling values of the labeling
curve, i.e. in the responses collected either beld@@ms VOT or above +20 ms VOT (see
Figure 3), and given that differences in floor @eding values are not specifically
captured by slope calculations, direct tests offifiect of group on the mean response
scores in the VOT regions of interest were perfatni@fferences in floor values between
groups were significant overall (F(2,168)= 11.8,q84,12=.12) and both the dyslexics vs.
chronological age controls and dyslexics vs. regatBrael controls comparisons were
significant (F(1,168)= 21.G\=0.11; 13.8512=0.08; respectively, both p<.001). Differences
in ceiling values between groups were significardrall (F(2,84)= 3.60, p<.052=.08),

the dyslexics vs. chronological age controls congparwas also significant (F(1,84)=
6.53, p<.0512=.07) but the dyslexics vs. reading level contoamparison was not

significant (F<1n2=.004).

Individual reliability of categorical perceptionfdzt
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In order to assess the individual reliability of tBategorical Perception deficit, we ran a
Statistical Discriminant Analysis on the Phonemeal (see Figure 5a for individual data).
Results on individual reliability were strongly amsive: 81% of the individuals were
correctly classified when we compared dyslexichisonological age controls, and 70%
of the individuals were correctly classified whea eompared dyslexics vs. reading level
controls. The correct classification scores weltaioled after cross validation ("drop-out”
method: each individual score was classified adogrtb the distributions of the other
scores).

Finally, we also examined the reliability of theldgdhonic Perception differences, using
the Allophonic Peak as an index (see Figure 5lnfdividual data). The outcome of these
analyses were also strongly conclusive, althoudlvidual reliability was now better
when children affected by dyslexia were comparegtéaling level controls rather than
chronological age controls: 71% of the individuakse correctly classified when we
compared the dyslexics to the chronological agérots) and 75% of the individuals were
correctly classified when we compared the dysletadfie reading level controls.

Insert Figure 5 here

DISCUSSION

Categorical perception deficit

Our first aim in collecting the speech perceptiatacdoresented in this study was to
evaluate whether dyslexics presented a Categdtealkeption deficit. We found such a

deficit for the discrimination of speech sounds ey confirming the results of several
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previous studies (Brandt & Rosen, 1981; Godfregletl981; Werker & Tees, 1987; De
Weirdt, 1988; Reed, 1989; Serniclaes et al., 200/h)le both the children affected by
dyslexia and the control children exhibited a dieanation peak at the phonemic
boundary, this peak was much smaller for the dysseX his confirms the Categorical
Perception deficit in dyslexia. A related deficitthe labeling of speech sounds was also
found. When the labeling data were tested on theessale as the discrimination data —
using “expected” discrimination scores from labghnthere were no significant
differences in categorical perception between gso&prther, when using a classical index
of categorical labeling, the slopes of the labefimgctions, we also did not find significant
differences between groups. Yet, the floor androgibf the identification curves were
significantly related to the group: the floor portiof the curve (below +10 ms VOT, see
Figure 3) was significantly higher for the dyslexics. both control groups and the ceiling
portion of the curve (above +20 ms VOT) was sigaifitly higher for dyslexics vs.

chronological age controls.

Allophonic Perception

The discrimination performances of the dyslexiddrein were not only characterized by a
reduced phonemic boundary peak but also by a nongrhic discrimination peak. This
peak was located at -20 ms VOT, close to the -3 pgidenced for another group of
children affected by dyslexia in a previous stuggrhiclaes et al., 2004). The difference in
peak location between the two studies is probabéytd stimulus factors, as stimulus

details might induce slight differences in the koma of the allophonic peak in much the
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same way as they affect the location of the phoadrmundaries. While the phonemic
boundary is located at 0 ms for neutral consonadtvawel articulation (Medina &
Serniclaes, 2005}t is for instance located at some +10 ms VOT mldss neutral /do-to/
context used in the present experiment. Theretbe;20 ms VOT peak evidenced in this
experiment can be safely considered as “allophaniciature and lends further support to
the hypothesis that dyslexics adopt a specific nuddpeech perception, based on
allophones rather than phonemes.

While an allophonic peak was clearly apparent endiscrimination responses of the
dyslexic children, it was completely absent frora libeling data (see the expected
discrimination scores in Figure 4). As explained\ah the labeling deficit was totally
absent in the present study. No wonder then iatlophonic peak was then also absent in

the labeling data.

Comparisons between Dyslexics and Reading LevetrGlsn

The categorical deficits evidenced in the preséutys were significant for both the
comparison to chronological age controls and ferdbmparison to reading level controls.
Contrary to previous studies (Boissel-Dombreval &uiilly, 2003; Foqué, 2004),
children with dyslexia were shown to be weaker miggorical Perception than younger
children with the same reading level. We undertims result given that this study is the
first one which reports a deficit in Categoricalrédption in children with dyslexia in
comparison to reading level controls. This suggtssthe Categorical Perception deficit

reflects a developmental deviance rather than aydé&lurther, reading level controls did
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not exhibit an Allophonic peak, thereby suggestthgt Allophonic Perception is not

simply due to a delay in reading acquisition.

Individual Reliability

The present results showed that the reliabilitthefCategorical Perception deficit was
fairly strong with fairly large correct classifitan scores (dyslexics vs. chronological age
controls: 81%; dyslexics vs. reading level contr@3%). Much the same result was found
by Maassen et al. (2001) who studied the discritiunaof voicing and place of
articulation continua by 9 y.o. Dutch children. YHeund that discrimination scores
allowed for correct classification of about 75%loé participants as dyslexics or normal
readers (chronological age controls). The predenysalso shows that Allophonic
Perception differences between dyslexics and clsnaire also strongly reliable (dyslexics
vs. chronological age controls: 71%; dyslexicsrgading level controls: 75%). All these
results point to some 75% correct classificatiodysflexics on the ground of categorical
performances in speech perception, both vs. chogiaal age controls and vs. reading
level controls. By comparison, the reliability bitclassical phonological deficit is of
about 80% (Ramus et al., 2003a) and the relialofitye auditory deficit is quite smaller
(60% of correct classification). Thus, the relighibf the allophonic deficit is quite similar
to that of the classical phonological deficit.

Although our study and that of Maassen et al. (2@@dicate that the Categorical
Perception deficit is fairly reliable across indivals, the information aboirtdividual

performance is too scarce in the literature to nsk@ng conclusions. It is therefore
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interesting to have a look at the reliability oé ttiifference betweegroupsin categorical
perception across studies, i.e. the robustnedsedCategorical Perception deficit.
Serniclaes, Bogliotti, Messaoud-Galusi, & Sprengherolles (submitted) recently
reviewed studies on the differences between dyskehildren and chronological age
controls in the discrimination of speech continliae difference in Categorical Perception

was significant in about 75% of the tests foun@ dhfferent studies.

Nature of the Cateqgorical Perception deficit inldigin with dyslexia: an allophonic mode

of perception

In summary, our results lend further support tohiygothesis that children affected by
dyslexia have a categorical deficit in speech geroe and are more sensitive to
allophonic contrasts than are normal-reading céiideither chronological age or reading
level controls.

Languages display phonemic boundaries at diffggemits on the voicing continuum.
However, these different points are not determiterdindom. Taking foreign
categorization patterns into account allows usnmenstand the precise location of the
second peak for dyslexics. We know that Thai phaodrmundaries are located at
approximately -30 ms and +30 ms VOT (Figure 2; eis& Abramson, 1970), and that
prelinguistic children were able to discriminatedcing categories separated by two VOT
boundaries (Lasky et al., 1975; Streeter, 1976n4tlal., 1981). The within-category
peak observed in dyslexics, which is located on2@ems VOT pair, corresponds

approximately to one of two phonemic boundarielainguages with 3 VOT categories,
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such as Thai. Of course, it is too early to paréitie possible categorization peak of Thai
listeners with the one exhibited by our subjecth@ut a direct comparison. But it is
already clear that dyslexics exhibit a discrimioatpeak close to the -30 ms Thai
phonemic boundary and this coincidence must beexl:dkurthermore, Burnham et al.
(Burnham, Earnshaw, & Clark, 1991; Burnham, 20G8)ehalso observed that children are
sensitive to both native and non-native contrastd,that discrimination between
allophonic contrasts was stronger for children es reading experience. Finally,
Serniclaes, Ventura, Morais & Kolinsky (2005) olveef that illiterates daot suffer from

a categorical perception deficit, even though thieywed less categorigatecisionthan
literates, which might be the consequence of wrilbeiguage deprivation or impairment.
llliterates are exposed to oral language and aeaquirmal categorical perception, but their
lack of exposure to written language leads to allag deficit. This means that lack of
exposure to written language cannot account foc#begorical perception deficit and that
the latter should be considered as a cause rdtherat consequence of their reading
deficiency. The lack of a Categorical Perceptioficiten reading level controls observed
in the present study supports this conclusion.®lgh RL controls display the same
reading performances as dyslexics, the latter ayspleaker categorical perception

performances.

Origins of allophonic perception: a coupling ddfici

Some phonemic boundaries are not included in taafis predispositions (i.e. the VOT

boundary located at 0 ms in languages as FrenamiSpand Dutch, (Serniclaes, 1987),
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although they do appear fairly early in the cowsknguage development (Eilers, Gavin,
& Wilson, 1979; Hoonhorst et al., 200@ouplingprocess suggests that a new boundary,
irreducible to one of the two natural phonetic badanes and which falls right between
these two boundaries, has to be acquired. Thisepsoenabling such acquisition is fairly
complex as it requires a specific combination betwivo natural distinctions. The
combination between the two predispositions isrative in the sense that the perception
of one feature depends on the perception of other.

Results of the present study suggest a couplingidetildren with dyslexia exhibit a
second discrimination peak at about -20 ms VOTalaerclose to one of the two natural
VOT boundaries found in Thai listeners and preliaici children. The fact that children
with dyslexia perceived the negative VOT boundargasily compared to the phonemic
boundary suggests that they have not developedingsfpetween the predispositions for
perceiving voicing (e.g., negative VOT) and aspira{e.g., positive VOT), which is
evidence of a coupling deficit. So, allophonic ggtton should find its origin in this
coupling deficit.

But if dyslexic children fail to couple phoneticateires, they should also show an
allophonic peak in the positive VOT region and diféerent place on the continuum than
the phoneme boundary control children. Instead; thgplay a positive VOT peak,
although weaker, at the same spot on the contiragithe control children. This can be
explained by the fact that the phonemic boundagoimtrol children (around +15 ms for
the present do/to continuum) is close to the albophpositive VOT boundary (at some

+20 or +30 ms). However, another possible explanas that the coupling deficit is not
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complete and that dyslexic children have partiabgun to develop a phonemic VOT
boundary. Future research using stimulus contintlaadarger separation between
allophonic and phonemic boundaries should alloeldafy this point. Finally, allophonic
perception should correspond to a developmentahdesg rather than a delay because
dyslexics display an enhanced sensitivity to thgatiee VOT boundary, not only in
comparison to chronological age controls, but &dseading level controls. This suggests
that the allophonic sensitivity evidenced in dygtechildren is not a consequence of their
lower reading level. In this way, the allophonicgaption deficit is similar to other
phonological deficits (pseudo-word reading: Racklgt1992; Van ljzendoorn & Bus,

1994; Sprenger-Charolles et al., 2000; phonemicawess: Manis et al., 1997)

Allophonic perception and its implication for readiand phonological abilities

While having only limited consequences for oralglaage, allophonic perception has
strong repercussions on written language. Allopbiperception should not impede the
categoricalness of perception, though Categorieaddption should be based on
allophones rather than phonemes. While lexicalsscebould not pose a problem for oral
language processing (although it would be heawiéerims of information processing), the
phonological coupling deficit has straightforwangplications for written language
acquisition. Allophonic representations are a gigant handicap for the establishment of
grapheme-phoneme correspondences because thgyt disasto-one correspondences
between graphemes and phonemes. A child who peceilophones /d/, /p/ and'/p

instead of phonemes /b/ and /p/ will have diffigidssigning the same graphic symbol “P”
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to /p/ and /f. It should be stressed that, due to coarticutatitiophones are
commonplace for the different features and diffefanguages. Further, allophonic
variation is not restricted to some rare occurrerafaleviant productions because
phoneme categories tend to be located midway betai@phonic categories and
phoneme distributions spread on both sides of tio boundaries.

To take the example of the voiceless allophonespiban productive VOT of /p/ in French
(about +20 ms: Serniclaes, 1987) is fairly closthwallophonic positive VOT boundary,
and individual /p/ productions are distributed abegually above and below this
boundary. This means massive difficulty with grapleephoneme correspondences for an
allophonic perceiver. Moreover, this difficulty Wwémerge even in a fairly transparent
orthographic system and will be amplified with heglidegrees of orthographic opacity (for
a review on the effect of orthographic opacity, Baellesu, Demonet, Fazio, McCrory,
Chanoine, Brunswick, Cappa, Cossu, Habib, Fritltrigh, 2001; Ziegler & Goswami,
2005; Sprenger-Charolles et al., 2006).

The allophonic perception hypothesis might alsda@rpother deficits observed in
dyslexia. This mode of perception could have angfiimmpact on phonemic awareness,
deficient in dyslexics, because it involves the ipalation of phonemes which do not exist
in their phonological decoding process. It woulsbatontribute to the phonological short
term memory deficit which is also observed in dy&ls. The number of decoding units is
indeed higher in a system that is based on allophaasther than phonemes, thus triggering
a working memory overload. On the whole, allophgecception offers a new

conceptualization of dyslexia in terms of deficiphbnological processing.
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CONCLUSION

The present study confirms the relationship betweading skills and speech perception.
Using all available known criteria to assess catiegbperception, we replicated the
Categorical Perception deficit in children with biyga both for discrimination scores
alone and for the difference between discriminaéind labeling scores. There were also
differences in categorical labeling between gradmgsthese differences were not
significant. Categorical perception differencesevesiated to the better discrimination of
an allophonic distinction, which lends further saggo the hypothesis that dyslexics
adopt a specific mode of speech perception, basedlaphonic rather than phonemic
categories. Categorical perception differencesthadelated differences in allophonic
perception were found not only between dyslexias@mwonological age controls, but also
between dyslexics and reading level controls. Rinakamination of individual
performances showed that both the deficit in caieglperception and the concomitant

increase in allophonic sensitivity were fairly paégsnt among children affected dyslexia.
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FOOTNOTES

1. VOT (Voice Onset Time): There are 3 possible vajcinategories across
languages, and these categories depend on VOThwhbiers to the temporal
relation between onset of “voice” (laryngeal vilwas) and release of the mouth
closure Lisker & Abramson, 1964. The first categmrgharacterized by the onset
of voice before the closure release (negative V&4, /ba/); the second category is
characterized by the quasi-synchrony of voice onslative to the release (short
positive VOT, e.g. /pa/), and the third categorghsracterized by a delay of voice
onset relative to the release (long positive VQ, &'a/)/. In languages where the
3 VOT categories are phonemic, such as Thai, ksgeaxhibit two boundaries for
voicing perception : a negative VOT boundary angaositive VOT boundary
(Abramson & Lisker, 1970).

2. It is to be noted that 8 children with poor readsiills were not included in the
group of dyslexics because their reading level bet&veen 17 and 6 months below
the expected reading age.

It is to be added that the dyslexics included ie tdohort were not supposed to
suffer from spoken language impairment. As explhingn the section
“Participants”, the vocabulary level of all the Icdnen integrated in the study
(included that of the dyslexics) was within the mat range. Moreover, according
to several pre-tests (see Table 1), there wereigmfisant difference in RAN
between dyslexics and both control groups, and igaifeant differences in

phonological STM between dyslexics and readingllewatrols. It is important to
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note that the mean span of the dyslexics in thegmtestudy was fairly long (4
syllables) compared to the typical performanceSidfchildren (Newbury, Bishop,

& Monaco, 2005; Graf Estes, Evans, & Else-Quesi 72D Taken together, these
results suggest that the dyslexics included inptfesent cohort were not suffering
from spoken language impairment.

3. Reading level controls were taken from an independtudy, in which our goal
was to assess categorical perception skills irtioglado reading acquisition. We
followed these children for 3 years, from kindetgaruntil the 2nd grade. For our
reading level controls, we chose ten children ftbra longitudinal study.

4. In studies with French-speaking children, we rehew possible (with 4 to 8-year-
old children) on the TVAP (Deltour & Hupkens, 1980)assess the level of
vocabulary, because this test is well designed therVIP. Further, there were
some words specific to Canadian French in the EMIRvever, the TVAP cannot
be used with children older than 9 years old. Tioeeg we reported the results of
the specific test used with the three differenug(EVIP for the dyslexics and for
the chronological age controls, TVAP for the regdievel controls).

5. “Percept” Programs can be uploaded at

http://www.tsi.enst.fr/~carre/programme.html

6. With two categories (A & B), a binary discriminatichoice (AX discrimination
experiment), S3, S4 as stimuli and with P(RA/S3)hasproportion A responses to
S3, etc. Predicted discrimination score = mean &{inean {P(A/S3)* P(B/S4) +

P (B/S3)* P(A/S4)} & {(P(A/S3)*P(A/S3) + P(B/S3)*M(S3) + P(A/S4)*P(A/S4)
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+ P(B/S4)*P(B/S4)) /2}. This formula is similar tthose used for comparing
labeling and discrimination responses in the assestof categorical perception

(Pollack & Pisoni, 1971).
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FIGURES AND TABLES

Figure 1.Criteria for assessing categorical perceptionlastiated by data collected from
French-speaking adults on a /do-to/ VOT continuBag(iotti, unpublished). Labeling
responses (Figure 1a) indicate the location op#reeptual boundary (i.e. the 50% d-t
response point, 15 ms VOT) and are also used fopating expected discrimination
scores (Figure 1b, dotted line). Pairwise discration responses were collected with a 20
ms VOT difference between stimuli in a pair. The@tved discrimination scores (Figure
1b, continuous line) are fairly close to the expdcicores (Figure 1a, dotted line),
indicating almost perfect categorical perceptiothm classical sense (Liberman et al.,
1957). The magnitude of the Phonemic Peak, thereéifice between across vs. within

category discrimination scores, is an index of gatieal perception.
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Figure 2. Perceptual boundaries between voicinggeaies: in infants (A), in English-
speaking adults (B), and in French-speaking ad@@$. Prelinguistic boundaries
correspond to predispositions for the perceptioralbfsound categories in the world’s
languages (indicated by arrows). In English, theum@ boundary is activated and
corresponds to a relevant phonological boundaryédx voiceless unaspirated stops and
voiceless aspirated stops. In French, we obsemeupling between aspiration (positive
VOT) and voicing (negative VOT) which generatessiniction between voiced stops and

slightly aspirated voiceless stops (Serniclaes. g2@04).



CATEGORICAL PERCEPTION DEFICIT AND DYSLEXIA

Figure 2.

Top of the figure

Prelinguistic voicing boumdaries

h
English voicing beundary
p - P
French vaicing boundary
(h}
.
negative WOT sitive VOT
; ms VOT Pﬂ

Bogliotti, C., Serniclaes, W., Messaoud-Galusi&Sprenger-Charolles, L.

42



CATEGORICAL PERCEPTION DEFICIT AND DYSLEXIA 43

Figure 3. Labeling functions for dyslexics, chraygital age controls and reading level

controls (% of /to/ responses).
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Figure 4 Categorical perception in dyslexics (Figure 4&ypaological age controls (Figure
4b) and reading level controls (Figure 4c) on theetb/ voicing continuum (% of Correct
Discrimination). Dotted lines represent expectaates and continuous lines represent

observed scores.
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Figure 5. IndividuaPhonemigeaksvalues (i.e. difference between between-category
discrimination score and the within-category disgniation score) for 3 groups of
participants (Figure 5a). Dotted lines indicateabsification limits obtained by a Statistical
Discriminant Analysis. As the limit between the lgyscs and chronological age controls
and the one between dyslexics and reading levetaermwere fairly close (Phonemic
peaks ofLO and 9%, respectively) a single limit (at 9%)eported on the graph. The
distribution of dyslexic children and chronologieale controls only slightly overlaps
(81% correct classification). The overlap betwdendistribution of dyslexic children and
reading level controls is larger (70% Correct Gfasstion).

Individual Allophonicpeaks values (i.e. difference between the -20 @% Wiscrimination
score and the other negative and 0 VOT discrinonascores) for 3 groups of participants
(Figure 5b). Dotted lines indicated classificatimnits obtained by a Statistical
Discriminant Analysis. As the limit between the lgyscs and chronological age controls
and the one between dyslexics and reading levetaermwere fairly close (Allophonic
peaks o and 1%, respectively) a single limit (at 1.5%)eported on the graph. The
distribution of dyslexic children and controls &aé&ly distinct (71% correct classification
for the dyslexics vs. age controls; 75% correcsgifecation for the dyslexics vs. reading

level controls).
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Table 1.Chronological and Lexical Ages, Verbal &lmh-Verbal 1Qs, and Reading skills
for Dyslexics, Chronological Age and Reading Les@htrols.

Dydexics Chronological Age Reading L evel
Controls Controls
(N=10) (N=11) (N=10 %)
M SD M SD M SD
Chronological and Lexical Age
Chronological Age (in months) 115 7 118 3 91 *** 6
Lexical Age (in months) 89 8 132 ** 9 90 7
Non Verbal and Verbal IQs
Non Verbal IQ — SPM (scores) 30 4 32 3 25 6
(percentiles) 75 22 |84 18 |75 21
Verbal IQ - EVIP (standard scores) | 119 11 132 ** 9
Verbal IQ - TVAP (scores) 51 6
Phonemic Awareness
Phonemic Awareness 8 4 11* 1 11~ 1
CVC (scores/12)
Phonemic Awareness 7 3 10* 2 8 3
CCV (scores/12)
Phonological STM (SPAN)
4 1 5* 1 4 1
Rapid auditory Naming (RAN)
RAN (colour, in sec.) 45 17 37 7 48 17
Reading
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Regular Words (% Correct ) 82 26 98 * 2 91 10
Regular Pseudowords (% Correct) 64 26 Q3 *** 5 73 18
Short Pseudowords (% Correct) 69 22 Q3 *** 8 88 * 16
Long Pseudowords (% Correct) 53 30 81 *** 11 73t 24
Short Irregular Words (% Correct) 50 33 94 *** 8 52 20
Long Irregular Words (% Correct) 56 33 96 *** 7 59 26

Comparisons (dyslexics vs. chronological age césmtemd dyslexics vs. reading level
controls) were done using contrast analysis in @eated-measure ANOVA: *** p<
.001;** p< .01; * p< .05; T p< .06

T Data from one (1) subject missing for Verbal iQhe reading level control group.
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