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Abstrac t 

This study presents the ^sults of investigating visual 
and auditor y ERP ^  i n thre e differen t  group s o f  Cuba n an d 
Spaniar d chil d reader s (Poor ,  Good ,  an d Dyslexics) . 
ERPs N40 0 an d N45 0 wer e recorde d t o evaluat e seman -
ti c an d phonolgica l  acces s durin g lexica l  an d rhym e 
decisio n tasks .  Dat a showe d latenc y difference s fo r 
N400 an d N45 0 betwee n tw o o f  th e group s studie d Lexi -
cal  an d Non-lexica l  strategie s ar e considere d t o explai n 
th e mai n difference s found .  W e conclud e b y underlin e 
th e importanc e o f  thi s kin d o f  psychophisiologica l 
exploratio n fo r  helpin g specialist s t o neuropsychologi -
cal  evaluatio n an d diagnosi s o f  chil d readin g impair -
ment . 

Introdoction 

Electrophysiologica l  researc h int o E R P s i s slowl y begin -

nin g t o ope n functiona l  door s t o science ,  allowin g u s t o 

bette r  understan d certai n brai n processe s involve d durin g 

human cognition .  Th e interdisciplinar y marriag e betwee n 

cognitiv e psycholog y an d psychophysiolog y ha s begu n t o 

bear  frui t  i n recen t  year e a s wa s foresee n i n (Coles ,  1989) . 

I n thi s respect ,  psycholinguistic s an d neuropsycolog y hav e 

prove n t o b e ver y fertil e field s o f  research . 

Th e relationshi p betwee n certai n linguisti c processin g 

task s an d specifi c  electrophysiologica l  ccanponent s (peaks ) 

has bee n pointe d ou t  b y severa l  authors .  Kuta s an d Hill -

yar d (1980 )  foun d tha t  th e N 4 0 0 componen t  wa s relate d t o 

th e capacit y o f  a  subjec t  t o detec t  semanti c incongruit y i n 

mismatc h trial s durin g wwd-pai r  matchin g task s (fo r  revie w 

purpose s o n thi s E R P se e Kuta s an d Va n Pietten ,  1968 ; 

Osterhou t  &  Holcomb .  1995) . 

On th e othe r  hand ,  othe r  researcher s hav e observe d th e 

existenc e o f  a  simila f  negativ e onse t  an d pea k (calle d N450 ) 

occurrin g late r  durin g mismatc h trial s o f  rhymin g word -

pair .  Thi s tas k ha s bee n relate d t o phtmologica l  processin g 

(Rugg ,  1984 ;  Barre t  an d Rugg ,  1987) .  However ,  i t  remain s 

unclea r  whethe r  N 4 0 0 an d N 4 5 0 ar e E E G component s 

reflectin g identica l  o r  differen t  cognitiv e processe s a t  diffe -

ren t  times .  Th e detectio n o f  bot h component s ha s bee n 

carrie d ou t  b y usin g drawing s (Barre t  an d Rugg ,  1990a , 

1990b) ,  aldioug h onl y N 4 0 0 ha s bee n describe d fo r  th e cas e 

of  usin g spoke n word s a s stimul i  (McCallum ,  Farmer ,  an d 

Pbcoc k 1984 ;  Holcom b an d Neville ,  1990 ;  Bentin ,  Kutas , 

and Hillyaid ,  1993) . 
Th e ide a tha t  ther e ar e electrophysiologica l  component s 

whic h reflec t  th e differentia l  activit y o f  bot h processe s 

(semanti c an d phonologica l  )  ha s alread y bee n studie d b y 

variou s authors ,  althoug h th e pea k latenc y relate d t o phono -

logica l  processin g wa s situate d betwee n 27 0 an d 37 0 msec . 

(Connoll y an d Philips ,  1994) . 

The presen t  wor k test s differentia l  linguisti c processin g i n 

tw o modalitie s (auditor y an d visual )  fro m a  psychophysio -

logica l  standpoint .  Th e us e o f  N 4 0 0 an d N 4 5 0 latencie s 

instea d o f  thei r  amplitudes ,  mor e usua l  amon g th e resear -

cher s i n thi s topic ,  coul d giv e u s usefu l  informatio n abou t 
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th e tim e cours e o f  semanti c an d phonologica l  cod e activa -

tion .  T h e characteristic s o f  th e group s involve d (poo r  rea -

ders ,  goo d readers ,  an d dyslexic )  ca n suppl y clue s a s t o th e 

differen t  w a y s o f  processin g word s (ora l  an d written) . 

Method 

Subjects 

Twenty-flv e childre n wit h a  mea n ag e o f  10. S year s (nuig e 

:  10-12 ,  S D =  0.85 )  wer e tested .  Th e sampl e wa s divide d 

int o thre e groups :  Grou p 1  wa s mad e u p o f  1 4 garden -

variet y poo r  reader s w h o ha d a  low-norma l  I Q (mea n = 

81.9 .  S D =  5.2 )  and .  followin g di e Pfeabod y Pictur e Voca -

bular y Test ,  a  veTi>a l  ag e lowe r  tha n thei r  chronologica l 

age (mea n =  9 3 years ,  S D =  1.27) ;  therefore ,  whit h n o 

discrepanc y betwee n I Q an d readin g age .  Thre e childre n 

wit h developmenta l  dyslexi a forme d Grou p 2  an d wer e 

diagnose d a s suc h ou t  o f  a  grou p o f  3 0 poo r  reade r  childre n 

evaluate d throug h a  Batter y o f  Computerise d Readin g Test s 

( B T L i n th e origina l  Spanis h versi(Mi )  standardise d wit h 

Spaniar d an d Cuba n populations .  Th e dyslexi c childre n ha d 

a norma l  I Q (mea n =  103.66 .  S D =  7.57) ,  wit h n o discre -

panc y betwee n thei r  verba l  an d chronologica l  age .  bu t  wit h 

a differenc e o f  mor e tha n 1 5 I Q pant s i n favou r  o f  mani -

pulatio n tasic s versu s verba l  ones .  Grou p 3  wa s forme d b y 

8 goo d reader s wit h a  norma l  I Q an d a  verba l  ag e superio r 

t o thei r  chronologica l  ag e (mea n =  11.1 1 years ,  S D = 

1.05) . 
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Procedur e 

As before .  Batter y o f  Computerise d Readin g Test s ( B T L i n 

th e origina l  Spanis h version )  wa s use d t o determin e th e rea -

din g ag e o f  th e childre n i n eac h grou p an d t o explor e rea -

din g word s an d pseudoword s (se e Fig.l) .  Th e Grou p 1 

(garden-variet y poo r  readers )  ha d a  lowe r  readin g ag e tha n 

thei r  chronologica l  ag e (mea n =  7.79 ,  S D =  5.1) ,  whil e th e 

dyslexi c childre n wit h a  hig h I Q wer e betwee n 3  t o 4  year s 

behin d i n reading .  Th e goo d reade r  childre n ha d a  readin g 

age simila r  t o thei r  chronologica l  age . 

I n Grou p 1  (garden-variet y poo r  readers),  6  childre n (sub -

grou p I )  showe d a n advantag e fo r  reading  word s versu s 

pseudowords .  The y read  word s faste r  an d wit h fewe r  error s 

tha n pseudoword s (lexica l  readin g pattern) .  B y contrast ,  th e 

remainin g 8  childre n (sub-grou p II )  fro m Grou p 1  rea d 

word s an d pseudoword s a t  a  simila r  spee d an d scor e o f  error s 

(non-lexica l  reading  pattern) .  Al l  th e childre n i n Group s 2 

(dyslexic )  an d 3  (goo d reader )  presente d a  lexica l  typ e rea -

din g patter n fo r  word s an d pseudowords . 

Event-Relate d Potential s (ERPs )  N 4 0 0 an d N 4 5 0 wer e 

recorde d i n visua l  an d auditor y mod e i n schoolchildren .  T o 

obtai n N 4 0 0 w e presente d 8 0 pair s o f  semanticall y assoaa -

te d word s (furniture-table )  an d 8 0 pair s o f  semanticall y 

incongruen t  word s (fruit-piano) .  T o obtai n N45 0 w e presen -

te d 8 0 pair s o f  rhymin g word s (lik e seven-heave n [niiia-pm a 

i n th e origina l  Spanish]) ,  an d 8 0 non-rfaymin g pair s (lik e 

pencil-rule r  [casa-pel o i n th e origina l  Spanish]) .  Thes e wer e 

two-syllaU e word s an d ha d a  hig h frequenc y o f  us e i n Spa -

nis h (mea n frequenc y =  4 4 pe r  million) .  Fo r  visua l  moda -

lit y  ({Minte d words) ,  eac h sequenc e consiste d o f  identica l  8 0 

pair s lik e auditor y modality ,  presente d a t  th e cente r  o f  a 

V GA compute r  monitor ,  wit h whit e letter s o n a  blac k 

background .  Th e letter s subtende d a  vertica l  visua l  angl e o f 

0.83 '  an d horizonta l  visua l  angl e o f  0.43* . 

Visua l  an d auditor y component s N 4 0 0 an d N 4 5 0 wer e 

exi^ore d f w eac h child .  I n th e matchin g tasks ,  tw o random -

mize d sequence s o f  stimulu s pair s wer e presented ,  on e fo r 

eac h task . 

Signa l 
xxxxxx -

733 mgoc . 733 msec . 

WofxJ 1 Word 2 250 0 mse c Auditor y 

Signa l 
xxxxxx -

733 msec 500 0 msec . 

Word 1 Word 2 1500 mse c 
Visua l 

Figur e I :  Readin g T i m e b y Group . R g u r e 2 :  Experimenta l  Paradigm . 
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The subject s ha d t o detec t  th e 5 0 % o f  th e pair s i n wic h 

th e tw o stimu h wer e closel y associate d i n meanin g i n th e 

semanti c task ,  o r  th e 5 0 % o f  th e pair a whic h rhyme d i n 

th e phonologica l  task .  Sam e decisio n task s (semanti c an d 

phonological )  wit h pair s o f  woixl s wer e teste d i n al l  thre e 

groups .  Idiomati c word s differencie s betwee n Cuba n an d 

Spaniar d sample s wer e considere d i n th e experiment .  Th e 

tw o stimul i  i n a  pai r  wer e presente d sequentially .  Th e sti -

mul i  wer e presente d wit h a  digita l  soun d reproductio n 

syste m t o th e subject s binaurall y an d vi a earphone s a t  a 

comfortabl e intensit y level .  Figur e 2  show s experimenta l 

paradig m use d fo r  recordin g E R P s N4(X )  an d N450 . 

The electroencephalographi c (EEG )  activit y wa s recorded 

wit h a  M E D I C I D III/ E syste m fro m twent y site s o f  th e 

internationa l  10/2 0 system ;  althoug h onl y activit y fro m 

Cz wil l  b e reporte d here .  Dis k Ag/AgC I  electrode s wer e 

use d an d inter-electrod e impedeanc e wa s kep t  belo w 5 

k O m h.  Linke d eaiiobe s w o e use d a s reference  an d Ui e fore -

head wa s grounded .  T w o bipola r  derivation s wer e use d t o 

monito r  th e horizonta l  an d vertica l  electro-oculogra m 

(EOG) .  Th e E E G afte r  amplificatio n an d filterin g (fro m 

0. 5 t o 3 0 Hz ,  -3d B points )  wa s digitize d (1 2 bi t  converter) . 

Digitalizatio n wa s synchronize d wit h th e onse t  o f  th e 

secon d stimulu s i n eac h pair ,  wit h a  samplin g perio d o f  4 

msec. ,  an d wa s store d o n magneti c dis k fo r  off-lin e analy -

sis . 

A tota l  o f  102 4 msec ,  wer e recorded  o n eac h trial ,  wit h a 

1(X )  msec ,  pre-stimulu s window .  Eac h E E G segmen t  wa s 

visuall y inspecte d an d thos e wit h artifacts ,  ey e movement s 

or  wit h incorrec t  response s wer e eliminated . 

For  every  subject ,  average d E R P s wer e obtaine d (an d 

smoothed )  fo r  matc h an d mismatc h trials .  Thre e quantita -

tiv e indicator s o f  signa l  t o nois e wer e measure d ( C C R , 

S DR an d R N L ) .  Case s wit h inadequat e value s <r f  thes e indi -

cator s wer e replaced.  Al l  dat a point s wer e correcte d b y subs -

tractin g th e averag e pre-stimulu s amj^itud e value . 

T wo independen t  judges  measure d onset ,  an d pea k laten -

cie s o f  N 4 0 0 an d N 4 5 0 a t  C z site ,  an d i n eac h individua l 

differenc e wave-for m (mismatc h E R P minu s matc h E R P ) 

by visua l  inspection ,  an d th e averag e o f  th e tw o observa -

tion s wa s use d i n subsequen t  analysis .  Additionally ,  th e 

tim e region s i n whic h ther e wer e statistica l  difference s 

(acros s th e sampl e o f  subjects )  betwee n matc h an d non -

matc h E R P s wer e calculate d f w eac h tas k an d stimulu s 

modalit y C z ,  Fo r  thi s purpose ,  permutatio n technique s 

wer e applie d t o th e t-test s comparin g matc h an d mismatc h 

ERPs fo r  eac h tim e poin t  i n a  regio n withi n 10 0 an d 75 0 

msec.  Ensembl e onse t  wa s define d a s th e firs t  tim e poin t 

afte r  fiv e consecutiv e significan t  values . 

\~ j 

Figur e 3 :  Auditor y an d Visua l  Gran d Averag e ERP s a t  Verte x (Cz ) 

fo r  semantica l  (N400 )  an d phonologica l  (N450 )  matchin g task s i n eac h grou p 

and sub-grou p (lexical s vs .  non-lexicals )  o f  subjects . 
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R e s u l t s 

Electrophysiologica l  profile s an d thei r  correspondin g map -

pin g ar e presente d i n Figs .  3  an d 4 .  Th e gran d averag e 

obtaine d fo r  N 4 0 0 an d N 4 5 0 i n visua l  an d auditor y mode s 

ar e show n fo r  eac h grou p (se e Fig.3) .  Th e electrica l  distri -

butio n activit y fo r  eac h grou p (Good ,  Poor ,  an d Dyslexic ) 

and sub-group s o f  Poo r  reade r  grou p (garden-variet y poo r 

readers :  lexica l  pattern ,  an d non-lexica l  pattern )  ar e mappe d 

i n Figur e 4 . 

Significan t  N 4 0 0 an d N 4 5 0 component s wer e confirme d 

bot h i n auditor y an d visua l  m o d e (spoke n word s an d prin -

te d words )  i n th e contro l  goo d reade r  group .  Fo r  th e spoke n 

words ,  phonologica l  acces s occur s befor e semanti c (th e 

latenc y o f  N 4 5 0 occur s soone r  tha n tha t  o f  N400) .  Thi s 

latenc y reverse s fo r  th e E R P s i n th e writte n words .  Thi s 

coul d b e compatibl e wit h a  lexica l  "direct "  strateg y fo r  rea -

din g i n Spanish . 

However ,  i n childre n wit h readin g problem s an d a  lo w I Q 

(garden-variet y poo r  readers )  w e foun d subtl e 

linguisti c E R P s difference s whic h distinguis h lexica l 

("direct" )  fro m non-lexica l  ("phonological" )  readers ,  an d 

whic h coul d reflect s th e kin d o f  strateg y th e reade r  take s i n 

eac h case .  Semanti c acces s occurre d befor e phonological ,  i n 

auditor y mod e a s wel l  a s visual ,  i n garden-variet y poo r  rea -

der  childre n w h o presente d a  lexica l  profile :  thei r  E R P s 

indexin g phonologica l  acces s wer e impaire d (n o N 4 5 0 fo r 

printe d word s wa s foun d an d late r  onse t  fo r  N 4 5 0 t o spoke n 

words) .  O n th e othe r  hand ,  i n childre n wit h a  non-lexica l 

pattern ,  phonologica l  acces s occurre d soone r  (N45 0 appea -

re d befor e N 4 0 0 i n auditor y an d visua l  mode ;  se e Figur e 3) . 

On thi s line ,  w e ca n se e assimetri c electrophysiologica l 

distributio n fo r  lexica l  an d non-lexica l  garden-variet y sub -

group s i n Figur e 4 . 

I n th e cas e o f  dyslexic s wit h a  hig h I Q w e foun d a n elec -

trophysiologica l  profil e simila r  t o th e goo d readers ,  wha t 

als o suggest s a  lexica l  readin g strategy . 

I n conclusion ,  th e stud y o f  linguisti c E R P s yield s valua -

bl e informatio n whic h complement s th e neurophysiologica l 

exploratio n o f  reading . 
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F i g u r e 4 :  Electrica l  distributio n activit y m a p p i n g fo r  e a c h g r o u p (to p t o d o w n :  g o o d readers , 

lexica l  garden-variety ,  non-lexica l  ga rde n variety ,  a n d dyslexics) , 

showin g ERP s N40 0 an d N 4 5 0 significativ e hemispheri c difference s 

betwee n lexical ,  an d non-lexica l  sub-group s o f  garden-variet y poo r  readers . 
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