
Chi ld re n wit h dyslexi a s h o w deficit s o n m o s t  primitiv e skills ^ 

Angel a J .  Fawcet t  an d Roderic k I .  Nicolso n 
Departmen t  o f  Psycholog y 

Universit y o f  Shefflel d 
Sheffiel d SI O 2TN .  Englan d 

email :  R . N l C O L S O N @ S H E F F I E I J ) . A C . U K 

A b s t r a c t 

Anomalies have been found in a range of skills for 
childre n wit h dyslexia .  Th e stud y presente d her e 
investigate d performanc e o n th e fu U rang e o f  primitiv e 
skill s  fcM '  wit h dyslexi a an d norma l  childre n a t  age s 8 , 
11 an d 1 6 years .  Unexpectedl y sever e deficit s wer e 
reveale d i n a  rang e o f  skills ,  includin g moto r  skill , 
phonologica l  skill ,  an d processin g speed .  Overall ,  th e 
performanc e o f  th e 1 6 yea r  ol d childre n wit h dyslexi a 
was n o bette r  tha n tha t  o f  th e 8  yea r  ol d norma l 
children ,  wit h som e skill s  bein g significantl y worse , 
and som e better .  Th e result s ar e inierptete d i n term s o f 
a developmenta l  progressio n i n whic h childre n wit h 
dyslexi a suffe r  fro m genera l  deficit s i n primitiv e skil l 
learning ,  bu t  ar e abl e t o consciousl y compensat e i n 
m a ny skills .  W e believ e tha t  a  connectionis t  learnin g 
framewcx k m a y provid e a  parsimoniou s accoun t  o f  th e 
rang e o f  deficits ,  providin g a  potentia l  lin k betwee n 
thes e difficultie s i n skille d performanc e an d th e 
underlyin g neuroanatomica l  abnormalities . 

I n t r o d u c t i o n 

Specific  developmental dyslexia, or dyslexia for short, 
i s  formall y define d a s " a disorde r  i n childre n who , 
despit e conventiona l  classroo m experience ,  fai l  t o attai n 
th e languag e skill s o f  reading ,  writin g an d spellin g 
ccMnmensurat e wit h thei r  intellectua l  abilities "  (fro m 
th e definitio n b y th e W w l d Federatio n o f  Neurologists , 
1968) .  I n othe r  words ,  childre n o f  norma l  o r  abov e 
norma l  intelligenc e w h o ,  fo r  s o m e otherwis e 
inexplicabl e reason ,  hav e sever e problem s learnin g t o 
rea d an d spell .  E>yslexi a researc h ha s see n mor e tha n it s 
shar e o f  passio n an d controvers y — no t  surprisingly , 
give n it s clos e link s wit h tha t  ver y emotiv e topic , 
readin g failure ;  it s  hig h incidenc e i n Wester n 
populaticMi s (aroun d 5 % i s a  typica l  estimate ,  Badian , 
1984 ;  Jor m e t  al ,  1986) ;  an d hig h financia l  stakes , 
give n th e statutar y requiremen t  i n m a n y Wester n 

^  Th e researc h reporte d her e wa s supporte d b y a  gran t 
fro m th e Leverhulm e Trus t  t o th e Universit y o f 
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countrie s t o provid e educationa l  suppor t  fo r  childre n 
wit h dyslexi a Ove r  an d abov e thes e aspects ,  however , 
dyslexi a provide s a  challengin g parado x t o a  wid e 
variet y o f  researcher s — w h y d o thes e articulate , 
intelligen t  peopl e sho w suc h a  proble m i n on e o f  ou r 
most  routin e skills ? Thes e backgroun d factor s hav e 
resulte d no t  onl y i n th e continuin g hig h publi c profil e 
of  dyslexi a researc h internationall y bu t  als o i n a  wid e 
rang e o f  researc h studie s aime d a t  th e bette r 
understanding ,  diagnosi s o r  remediatio n o f  dyslexia . 

Earl y researc h suggeste d tha t  visua l  deficit s wer e 
important ,  bu t  aroun d 2 0 year s ago ,  ther e wa s a  gradua l 
realisatio n tha t  problem s o f  languag e mus t  be ,  a t  leas t 
i n part ,  responsibl e fo r  th e readin g deficits .  Thi s 
genera l  hypothesi s ha s bee n refine d ove r  th e year s 
(Vellutino .  1979 ;  Miles ,  1983 ;  Snowlin g e t  al .  1986 ; 
Stanovich ,  1988 )  t o provid e wha t  wa s unti l  recentl y th e 
consensu s theoretica l  belie f  o f  mos t  psycholog y 
researchers ,  namel y tha t  childre n wit h dyslexi a suffe r 
fro m a n earl y impairmen t  i n thei r  phonologica l  skills . 
and thi s impairmen t  prevent s the m fro m acquirin g th e 
wor d decodin g an d blendin g skill s  necessar y fo r  norma l 
acquisitio n o f  th e skil l  o f  reading .  B y contrast , 
however ,  man y America n researcher s hav e studie d th e 
biologica l  substrate .  Again ,  dyslexi a ha s provide d 
intriguin g abnormalities .  Larg e scal e twi n an d familia l 
studie s (e.g. .  Smit h e t  al ,  1983 )  ha s establishe d specifi c 
abnormalitie s bot h o f  chromosom e 1 5 and .  mor e 
recently ,  chromosom e 6  (Lub s e t  al ,  1991) .  Studie s o f 
brai n electrica l  activit y i n respons e t o differen t  type s o f 
stimulu s hav e show n abnormalitie s f w th e processin g 
of  linguisti c stimul i  (Duff y e t  al ,  1980 ;  Hyn d e t  al , 
1990) .  Mos t  directly ,  comparativ e studie s o f  dyslexi c 
brain s hav e establishe d neuroanatomica l  anomalie s 
(Galaburda ,  Rose n an d Sherman ,  1989 ,  p383) .  On e 
significan t  recen t  developmen t  ha s bee n th e re -
establishmen t  o f  visua l  deficits ,  i n thi s cas e i n r^i d 
visua l  processing ,  specificall y th e threshol d fcM -  th e 
detectio n o f  flicke r  (Lovegrov e e t  al ,  1990) ,  an d i n a n 
interdisciplinar y projec t  involvin g bot h psychophysic s 
an d neuroanatomica l  analysis ,  thi s defici t  ha s bee n 
linke d t o neuroanatomica l  abnormalitie s i n th e 
magnocellula r  pathwa y linkin g th e ey e t o th e visua l 
corte x vi a th e latera l  geniculat e nucleu s (Livingston e e t 
al ,  1991) . 

Ther e is ,  therefore ,  a  wealt h o f  researc h evidenc e 
abou t  abnormalitie s i n dyslexia .  Unfortunately ,  ther e 
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i s a  fundamenta l  weaknes s i n dyslexi a research ,  namel y 
th e diagnosti c method .  Th e traditiona l  definition ,  give n 
earlier ,  depend s bot h o n a  discrepanc y (betwee n actua l 
and expecte d readin g pafonnance) ,  o n exclusio n (o f 
alternativ e explanation s o f  a  discrepanc y i n tcnn s o f 
lo w IQ ,  lo w oĵ xxtunity ,  emotiona l  factor s an d s o on) . 
and o n a  U a m e d skil l  (reading) .  Takin g th e relianc e o n 
readin g flrst,  i t  i s  well-establishe d tha t  extensiv e 
suppcMt  i n learnin g t o rea d help s a  chil d wit h dyslexi a 
t o rea d a t  nonna l  o r  eve n abov e norma l  level s (Bradle y 
& Bryant ,  1983 ;  Lundber g &  H0ien ,  1989) ,  an d i n 
genera l  th e leve l  o f  readin g depend s upo n amoun t  o f 
{MBCtic e a s muc h a s underlyin g aetiology .  Th e us e o f 
exclusionar y criteri a ha s bee n roundl y criticise d b y 
many researcher s (Miles ,  1983 ;  W o o d e t  al ,  1991 )  wit h 
th e lin k wit h intelligenc e ]V0vin g th e mos t  problemati c 
(Siegel ,  1989 ;  Stanovich ,  1991) .  Clearl y wha t  i s 
neede d i n dyslexi a researc h i s a  bette r  operationa l 
deflnition ,  base d o n positiv e indicator s rathe r  tha n 
exclusionar y factors ,  o n objectiv e test s rathe r  tha n 
clinica l  judgement ,  an d o n intrinsi c factor s rathe r  tha n 
learne d skills .  Probabl y th e idea l  fo r  man y dyslexi a 
researcher s woul d b e th e developmen t  o f  a  screenin g 
procedur e usaU e befw e a  chil d trie d (an d failed )  t o read . 
Unfortunately ,  progres s toward s thi s goa l  ha s bee n 
largel y disappointing ,  wit h trul y predictiv e studie s (a s 
oppose d t o retrospective )  generall y achievin g relativel y 
poor  predictio n o f  poo r  reader s (Badian ,  1990) .  I t 
seems inevitabl e tha t  developmen t  o f  bette r  diagnosti c 
method s await s bette r  understandin g o f  th e underlyin g 
cause s o f  dyslexia .  Ou r  researc h progra m ha s bee n 
aime d i n th e firs t  plac e a t  providin g a  bod y o f  reliabl e 
cognitiv e dat a linkin g researc h i n phonologica l 
processing ,  moto r  skill ,  processin g speed ,  an d workin g 
memory.  W e hope d tha t  availabilit y  o f  thi s corpu s 
woul d prov e a  stimulu s t o researcher s fro m al l  th e 
discipline s o f  cognitiv e scienc e t o attemp t  t o provid e 
integrativ e theorie s linkin g th e cognitiv e deficit s wit h 
th e underlyin g neurologica l  abnormalities . 

Skills ,  A g e a n d D y s l e x i a 

The study reported here derives from early research 
(Nicolso n an d Fawcett ,  1990 )  i n whic h w e identifie d 
problem s i n moto r  balanc e fo r  a  grou p o f  childre n wit h 
dyslexia ,  bu t  onl y whe n the y wer e require d t o undertak e 
a secondar y tas k whil e balancing .  Subsequen t  wor k 
extende d thes e finding s t o a  defici t  i n blindfol d balanc e 
(Fawcet t  an d Nicolson ,  1992 )  an d i n choic e reaction s 
but  no t  simpl e reaction s (Nicolso n an d Fawcett ,  1993) . 
Give n th e establishe d deficit s i n phonologica l  skill ,  i t 
was clearl y importan t  t o undertak e a  wid e rangin g stud y 
i n whic h a s m a n y primitiv e skill s  a s possibl e wer e 
teste d fo r  a s larg e a  rang e o f  childre n wit h dyslexi a a s 
practicable ,  i n orde r  t o establis h th e relativ e severit y o f 
th e deficit s i n thes e variou s skills .  Furthermore ,  give n 
th e developmenta l  natur e o f  skil l  an d o f  th e symptom s 

of  dyslexia ,  i t  i s  importan t  t o stud y performanc e a l 
severa l  ages . 

Participant s 

We wished to study 'pure' dyslexia, uncontamlnatcd by 
factor s suc h a s lo w IQ ,  economi c disadvantag e an d s o 
on .  Consequently ,  w e use d th e standar d exclusionar y 
criterio n o f  'childre n o f  norma l  o r  abov e norma l  I Q 
(operationalise d a s I Q o f  9 0 o r  mor e o n th e Wechsle r 
Intelligenc e Scal e fo r  Children) ,  withou t  k n o w n 
primar y emotiona l  o r  behavioura l  o r  socioeconomi c 
problems ,  whos e readin g ag e ( R A )  wa s a t  leas t  1 8 
month s behin d thei r  chronologica l  ag e ( C A ) .  I n 
additio n t o ou r  initia l  group s o f  I S yea r  olds ,  w e 
recruite d tw o furthe r  group s o f  childre n wit h dyslexia , 
mean age s 1 1 an d 8  years ,  togeth ^  wit h tw o group s o f 
norma l  childre n matche d fo r  ag e an d IQ .  Thi s gav e u s 
si x groups :  D15 ,  D l l  an d D 8 ;  an d CIS ,  C l l  an d C 8 
fo r  th e thre e ag e group s o f  childre n wit h dyslexi a an d 
contro l  childre n respectively .  Thi s three-age-grou p 
desig n allow s performanc e t o b e compare d wit h childre n 
of  th e sam e age ,  childre n o f  aroun d th e sam e readin g 
age (D1 5 v s Cl l ;  D l l  v s C8 )  an d childre n o f  aroun d 
hal f  th e ag e (DI S v s C8) .  Th e number s o f  participant s 
and mea n I Q fo r  th e group s wer e 12 ,  8 .  9 ,  11,10 ,  1 0 
and 105 ,  110 ,  114 ,  107 ,  11.6 ,  11 4 fo r  th e group s 
D 1 5,  D l l ,  D 8 .  CIS .  C l l ,  C 8 respectively .  Thes e 
si x group s ha d al l  bee n monitore d to r  aroun d tw o years , 
and th e experiments  reporte d her e too k plac e ove r  a 
perio d o f  aroun d on e year . 

Tests Used 

A variety of tests intended to tap performance on 
primitiv e cognitiv e an d moto r  skill s  wa s used . 
Whereve r  possibl e thes e wer e implemente d o n a n y^^l e 
Macintos h compute r  usin g digitise d soun d fo r 
instruction s an d stimul i  an d usin g automati c even t 
recordin g an d dat a analysi s technique s i n orde r  t o 
standardis e testin g technique s an d t o facilitat e 
replicatio n b y othe r  researchers.  Fiv e generi c type s o f 
tes t  wer e used :  psychometri c tests ,  moto r  skil l  tests , 
workin g memor y tests ,  test s o f  ̂ e e d o f  processing , 
and phonologically-base d tests .  Th e psychometric  test s 
use d th e W I S C - R scales ,  wit h spellin g ag e an d readin g 
age base d o n th e Schonel l  test s o f  single-wor d readin g 
and spelling .  Th e moto r  skil l  test s include d th e balanc e 
task s an d test s o f  bea d threadin g an d pegboar d pe g 
moving .  Th e workin g memor y test s include d nonwor d 
repetitio n (repeatin g nonsens e word s o f  2 ,  3 ,  4  an d S 
syllables ,  base d o n Baddele y an d GathCTCole ,  1990) ,  th e 
mean M e m o r y Spa n fo r  word s o f  1 ,  2  an d 3  syllables , 
th e 'Cors i  Span '  fo r  spatia l  sequentia l  memory ,  an d 
articulatio n rat e (th e mea n tim e t o repea t  fiv e time s 
'bus' ,  'monkey '  an d 'butterfly') ,  whic h i s include d i n 
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thi s categor y becaus e memor y spa n an d articulatio n rat e ar e know n t o co-var y (Baddeley ,  e t  al ,  1975) . 

Psychometri c Moto r  Skil l  M e m o r y Processin g Spee d Phonologica l 
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Figur e 1 .  Dat a fo r  thre e ag e group s o f  childre n wit h dyslexi a an d norma l  childre n normalise d 
t o th e dat a o f  th e 8  yea r  ol d norma l  childre n 

Test s o f  infcKmatio n processin g spee d include d test s 
of  spee d o f  namin g o f  pictures ,  colours ,  digits ,  letter s 
presente d unpaced ,  togethe r  wit h simpl e reactio n an d 
selectiv e choic e reactio n tim e t o pur e tones ,  visua l 
searc h (locatin g a  distinctiv e 'spott y dog '  o n eac h o f 
sevCTal  crowde d page s i n a  child' s puzzl e book) ,  lexica l 
decisio n (sayin g 'Yes '  o r  'No '  a s fas t  a s possibl e t o 
auditoril y  presente d word s an d nonwords) ,  an d 
tachistoscopi c wor d recognitio n o n a  grade d serie s o f 
w(xd s presente d fo r  graduall y decreasin g times .  Th e 
test s o f  phonologica l  skil l  include d phonologica l 
discriminatio n abilit y fo r  pbonologicall y confusabl e 
stimul i  (Bish<^ ,  1985) .  segmentatio n abilit y  (Rosner , 
1971 )  an d 'rhyming '  abilit y fo r  phoneme s a t  th e 
beginning ,  middl e an d en d o f  word s ( a simplifie d 
versio n o f  th e test s use d i n Bradle y an d Bryant ,  1983) . 
The c(»nputer-base d version s o f  th e test s ar e availabl e 
i n th e C O M B se t  (Nicolson ,  1992) . 

Result s 

Surprisingly large deficits were obtained in a 
surprisingl y wid e rang e o f  tasks .  I n orde r  t o facilitat e 
compariso n o f  th e results ,  th e result s wer e normalise d 
relativ e t o mea n an d standar d erro r  o f  th e correspondin g 
performanc e o f  th e eigh t  yea r  ol d controls ,  wit h th e 
sig n o f  an y difference s adjuste d s o tha t  a  positiv e 
differenc e alway s reflecte d a  bette r  score .  A  scor e o f  0 
tberefcx e indicate s performanc e equivalen t  t o tha t  o f  th e 
C8 group ,  a  scor e o f  + 1 indicate s on e standar d erro r 
bette r  tha n C 8 ,  a  scor e o f  - 1 on e standar d erro r  less ,  an d 
so on .  I f  th e dat a wer e normall y distributed ,  wit h 1 2 
childre n i n th e C 8 group ,  significanc e level s ar e 
distribute d a s Student' s t  wit h 1 1 degree s o f  freedom . 
Consequently ,  takin g two-taile d values ,  th e appropriat e 
criteri a fo r  p  <.05 ,  p  <.01 ,  an d p  <.00 1 ar e t  >2.2 , 
t  >3. 1 an d f  >4. 4 respectively .  Give n th e likel y 
deviation s fro m th e norma l  distributio n i t  woul d b e 
appropriat e t o se t  thes e criteri a somewha t  higher .  Th e 
normalise d result s ar e show n i n Figur e 1 .  Th e C 8 
group ,  naturally ,  hav e zer o scor e o n ever y measure . 
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Lookin g jus t  a t  th e othe r  tw o contro l  group s (fille d 
symbols) ,  ther e ar e fe w difference s o n th e psychometri c 
tests ,  bette r  performanc e o n th e singl e tas k balance ,  bu t 
roughl y equivalen t  flne  moto r  skil l  (bead s an d pegs) , 
bette r  performanc e o n th e memory ,  an d especiall y 
articulatio n rate ,  faste r  processing ,  bette r  phonologica l 
discriminatio n an d segmentation ,  an d roughl y 
equivalen t  rhymin g performance .  Wheneve r  ther e i s a 
difference ,  th e oldes t  control s perfor m th e best ,  an d th e 
younges t  control s th e worst .  I n othe r  words ,  th e 
result s fo r  contro l  group s ar e largel y a s on e woul d 
expect ,  wit h som e o f  th e skill s  stil l  developin g i n th e 
teens ,  an d som e alread y a t  ceilin g (a t  leas t  o n th e test s 
used) . 

N o w conside r  th e performanc e o f  th e group s wit h 
dyslexia .  T h e psychometri c dat a ar e largel y a s 
expected ,  sinc e th e pair s o f  group s wer e matche d fo r  I Q 
and age .  Al l  thre e group s wit h dyslexi a sho w a  highe r 
verba l  tha n performanc e IQ .  A s expected ,  readin g ag e 
and spellin g ag e la g furthe r  an d furthe r  behin d 
chronologica l  age .  Phonologica l  skill s  sho w th e 
expecte d deficits ,  wit h th e D 8 grou p showin g th e 
expecte d lag ,  an d surprisingl y poo r  performanc e fo r  th e 
D 15 group ,  wel l  belo w tha t  eve n o f  th e C 8 group .  Th e 
memory an d processin g skil l  score s fo r  th e thre e group s 
wit h dyslexi a sho w a  heartenin g developmenta l  trend , 
wit h th e abysma l  performanc e o f  th e D 8 grou p makin g 
way t o merel y poo r  performanc e o f  th e D l l s an d near -
adequat e performanc e o f  th e D15s .  Indeed ,  i n contras t 
t o th e othe r  tests ,  th e D15 s consistentl y outscor e th e 
C8s o n thes e tests .  Mos t  notabl e overal l  i s  th e 
extraordinaril y  poo r  moto r  skil l  performanc e o f  al l  thre e 
group s wit h dyslexi a o n th e dua l  tas k balance ,  th e 
blindfol d balance ,  an d th e bea d threadin g tasks ,  wit h 
performanc e a t  leas t  5  standar d erro r  unit s belo w tha t  o f 
th e younges t  controls .  Not e tha t  th e mos t  marke d 
balanc e disaepancies  ar e fO T th e defici t  data ,  tha t  i s th e 
differenc e i n balanc e perframanc e i n th e targe t  conditio n 
from  tha t  unde r  norma l  'singl e task '  balanc e conditions . 

D i s c u s s i o n 

It is perhaps worth emphasising that in almost all tests 
of  namin g speed ,  phonologica l  skill ,  moto r  skill ,  an d 
als o nonwor d repetitio n an d articulatio n rate ,  th e 
childre n wit h dyslexi a performe d significantl y wors e 
eve n tha n thei r  readin g ag e controls .  I t  m a y als o b e 
see n tha t  th e performanc e o f  oldes t  childre n wit h 
dyslexi a i s b y n o mean s bette r  overal l  tha n tha t  o f  th e 
younges t  controls ,  despit e th e advantag e o f  aroun d 7 
years '  experience .  Spac e preclude s a  mor e detaile d 
analysi s her e (se e Nicolso n an d Fawcett ,  1993 b fo r  a 
fulle r  discussion) ,  an d w e mus t  limi t  th e discussio n t o 
th e majo r  issue s motivatin g thes e studies . 

Let  u s first  conside r  ou r  hop e wa s tha t  th e stud y 
migh t  hel p t o sugges t  diagnosti c procedure s les s 
susceptibl e t o environmenta l  factor s an d m a y b e 

applicabl e a t  a n earlie r  ag e tha n th e curren t  reading -
base d approach .  Not e tha t  non e o f  th e cognitiv e test s 
show n i n figure  1  involve s reading  accuracy .  I t  appear s 
fro m Figur e 1  tha t  dua l  tas k balanc e impairment , 
togethe r  wit h namin g spee d an d phonologica l  skil l  d o 
potentiall y  discriminat e childre n wit h dyslexi a fro m 
norma l  childre n (thoug h i t  shoul d b e emphasise d tha t 
thes e test s m a y no t  discriminat e dyslexi c childre n fro m 
non-dyslexi c slo w learners ,  i n tha t  w e hav e no t  ye t 
complete d studie s o n th e latter) .  I t  seem s ver y likel y 
tha t  som e suitabl e combinatio n o f  thes e test s m a y b e 
employed ,  usin g discriminan t  functio n analysi s t o 
provid e a  serie s o f  scores :  on e fo r  dyslexia ,  on e fo r 
specifi c  languag e delay ,  anothe r  fo r  genera l  learnin g 
disability ,  an d s o on .  Thi s hop e rest s o n researc h a s 
yet  unstarted ,  wit h perhap s th e greates t  nee d bein g t o 
identif y th e qualitativ e performanc e o f  'slo w learning ' 
childre n o n th e batter y o f  test s develope d above . 
Turnin g n o w t o predictiv e screening ,  agai n w e se e 
reaso n fo r  optimism ,  wit h perhap s scop e fo r  a  multi -
purpos e batter y o f  tests ,  providin g a  vecto r  'a t  risk' 
scor e fo r  severa l  childhoo d disorders .  M a n y o f  th e test s 
m ay b e used ,  i n suitabl y simplifie d form ,  wit h five 
yea r  ol d children .  Indee d w e ar e hal f  wa y throug h a 
thre e yea r  screenin g study ,  havin g teste d childre n a t  ag e 
five  an d si x o n man y o f  th e test s note d above ,  an d w e 
ar e n o w waitin g t o se e whic h o f  ou r  san )̂l e o f  childre n 
wil l  prov e dyslexi c b y th e norma l  criteria ,  thereb y 
allowin g a  retrospectiv e analysi s t o b e carrie d ou t 
(Fawcet t  e t  al ,  1992) . 

N o w le t  u s tur n t o th e theoretica l  interpretatio n o f 
th e results.  I t  i s  importan t  t o not e tha t  th e result s d o 
appea r  t o provid e a  lin k betwee n th e moto r  skil l 
deficits ,  spee d deficit s an d phonologica l  deficit s whic h 
hav e bee n establishe d i n previou s research ,  confirmin g 
tha t  a  numbe r  o f  disparat e findings  ̂ p l y jointl y t o 
thes e group s o f  childre n wit h dyslexia .  Th e expecte d 
deficit s i n phonologica l  skil l  (cf .  Bradle y an d Bryant , 
1983 )  remai n a t  al l  ages ,  wit h th e oldes t  childre n wit h 
dyslexi a performin g significantl y wors e eve n tha n th e 
younges t  controls ,  despit e th e fac t  tha t  th e forme r  ar e 
aroun d twic e a s old .  Similarly ,  th e namin g spee d 
deficit s (cf .  Denckl a an d Rudel ,  1976 )  ar e robust , 
thoug h th e defici t  o n th e visua l  searc h (fo r  a  pictoria l 
targe t  i n a  crowde d picture )  i s perhap s unexpected . 
Ther e ar e s o m e workin g m e m o r y deficit s (cf . 
Gathercol e an d Baddeley ,  1990) ,  thoug h thes e appea r 
les s sever e tha n th e othe r  deficits ,  an d m a y eve n b e 
explicabl e purel y i n term s o f  th e unexpectedl y slo w 
articulatio n rat e (Baddele y e t  al ,  1975) .  Th e deficit s o n 
bea d threadin g an d o n dua l  tas k balanc e ar e particularl y 
marke d (cf .  Nicolso n an d Fawcett ,  1990) ,  wit h th e 
oldes t  childre n wit h dyslexi a performin g m u c h wors e 
eve n tha n th e younges t  controls .  Overall ,  then ,  th e 
result s appea r  compatibl e wit h th e existin g literatur e 
but  the y ar e particularl y valuabl e i n tha t  the y provid e 
not  onl y a n opportunit y t o compar e directl y th e relative 
severit y o f  th e deficit s acros s th e differen t  skills ,  bu t 
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als o becaus e the y provid e th e oppoitunit y t o asses s tb e 
developmenta l  progressio n o f  th e acquisitio n o f  th e 
skills .  Regardles s o f  th e specifi c  interpretatio n o f  thes e 
results ,  w e believ e tha t  thi s corpu s o f  dat a shoul d prov e 
valuable ,  a s hoped ,  t o cognitiv e scienc e researcher s o f 
al l  sub-discipline s wh o ar e intereste d i n dyslexia . 

I t  i s  perhap s importan t  t o stres s tha t  th e dyslexi c 
childre n teste d her e wer e matche d fo r  I Q wit h th e 
contro l  children .  Consequently ,  despit e thei r  marke d 
deficit s i n skil l  acquisition ,  thei r  intellectua l 
functionin g appear s t o b e unimpaired .  Conside r 
Anderson' s suggestio n (1990 )  tha t  th e huma n brai n 
m ay b e bes t  see n a s a  hybri d computer,  partl y a  highl y 
efficient ,  highl y evolve d massivel y paralle l 
connectionis t  processo r  whic h i s share d i n essenc e wit h 
highe r  mammals ,  bu t  upo n whic h i s  overlai d a  slo w 
and inaccurat e 'seria l  symbo l  manipulator '  whic h hold s 
th e ke y t o th e evolutionar y advantag e o f  humans .  I t  i s 
temptin g t o speculat e that ,  fo r  dyslexi c peopl e thei r 
brai n abnormalitie s m a y lea d t o 'noise '  withi n thei r 
'parallel '  system ,  thei r  neura l  networks ,  wherea s thei r 
symboli c processin g capabilitie s (an d henc e 
'intelligence' )  remain s unaffected .  Whil e thi s 
hypothesi s i s  a t  presen t  to o vagu e t o provid e an y 
explanator y power ,  i t  suggest s a  rang e o f  nove l 
investigations ,  wit h som e aime d a t  identifyin g th e 
locu s o r  loc i  o f  th e 'noise '  withi n th e processin g 
system ,  an d other s investigatin g purel y symboli c 
learnin g capabilities .  I n th e longe r  term ,  i t  ma y affor d 
an intriguin g lin k betwee n th e neurophysiologica l 
substrate ,  cognitiv e scienc e modellin g techniques ,  an d 
cognitiv e performanc e whic h coul d for m a  significan t 
too l  i n th e investigatio n an d modellin g o f  cognitiv e 
function . 
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