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T o w a r d th e origin s o f  dyslexi a 

Roderick I. Nicolson and Angela J. Fawcett 
Departmen t  o f  Psycholog y 

Universit y o f  ShefTiei d 
Sheffiel d S1 0 2TN .  Englan d 

email :  R . N I C O L S O N @ U K . A C . S H E F F I E L D . P R I M E A 

A b s t r a c t 

A series of experiments will be reported comparing 
th e performanc e o f  group s o f  1 1 yea r  ol d an d I S yea r 
ol d childre n wit h dyslexi a wit h group s o f  norma l 
childre n matche d fo r  chronologica l  ag e ( C A )  an d 
readin g ag e (RA )  respectively .  Experiment s testin g 
gros s moto r  skil l  demonstrate d tha t  bot h group s o f 
childre n wit h dyslexi a showe d significan t  deficit s i n 
balanc e whe n require d t o undertak e a  furthe r  tas k a t 
th e sam e time ,  wherea s th e contro l  group s wer e no t 
affected .  I t  wa s conclude d tha t  th e contro l  childre n 
balance d automaticall y wherea s th e childre n wit h 
dyslexi a di d not .  Furthe r  experiment s indicate d tha t 
workin g memor y performanc e wa s no t  diswdered ,  i n 
tha t  deficit s i n m e m o r y spa n wer e parallele d b y 
deficit s i n spee d o f  articulation .  Test s o f  informatio n 
processin g spee d le d t o a n interestin g dissociation . 
Simpl e reactio n performanc e wa s indistinguishabl e 
fro m tha t  o f  th e C A controls .  B y contrast ,  o n th e 
simples t  possibl e choic e reaction ,  bot h group s o f 
childre n wit h dyslexi a wer e slowe d t o th e leve l  o f 
thei r  R A controls .  I t  wa s conclude d tha t  th e locu s o f 
th e spee d defici t  la y withi n th e decision-makin g 
process .  Furthe r  experiment s demonstratin g deficit s 
i n sensor y threshold s an d abnorma l  evoke d potential s 
wil l  als o b e reported .  W e conclud e tha t  a n 
auiomatisatio n defici t  i s  consisten t  wit h mos t  o f  th e 
know n problem s o f  childre n wit h dyslexia . 

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

Developmental dyslexia is conventionally defined as 
" 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 commensurat e 
wit h thei r  intellectua l  abilities "  (Worl d Federatio n o f 
Neurology ,  1968) .  A  typica l  estimat e o f  th e 
prevalenc e o f  dyslexi a i n Wester n schoo l  population s 
i s 5 % (Badian ,  1984 ;  Jor m e t  al. ,  1986) ,  wit h 
roughl y fou r  time s a s m a n y boy s a s girl s bein g 
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diagnosed .  I t  ha s bee n assume d tha t  th e problem s o f 
childre n wit h dyslexi a deriv e fro m impairmen t  o f 
some skil l  o r  cognitiv e componen t  largel y specifi c t o 
th e reading  process ,  an d th e consensu s vie w (e.g. , 
Stanovicb ,  1988 )  i s  stil l  tha t  th e deficit s ar e 
attributabl e t o s o m e disorde r  o f  phonologica l 
processing . 

Interestingly ,  however ,  dyslexi a ha s caugh t  th e 
imaginatio n o f  researcher s fro m sev^a l  disciplines , 
an d ther e i s n o w a  wealt h o f  inter-disciplinar y 
infcMmatio n abou t  dyslexi a (thoug h inconsistencie s o f 
diagnosi s bedevi l  meta-studie s o f  th e literature) . 
Frtistratingly ,  differen t  perspective s o n dyslexi a hav e 
le d t o quit e differen t  hypotheses .  Neuroanat(Mnica i 
studie s b y Galaburd a an d hi s  colleague s hav e 
identifie d bot h " a unifor m absenc e o f  left-righ t 
asymmetr y i n th e languag e are a an d foca l  dysgenesi s 
referrabl e t o midgestatio n .. .  possibl y havin g 
widesprea d cytoarchitectoni c an d connectiona l 
repercussions .  .. .  Bot h type s o f  change s i n th e mal e 
brain s ar e associate d wit h increase d number s o f 
neuron s an d connection s an d qualitativel y differen t 
pattern s o f  cellula r  architectur e an d connections " 
(Galaburda ,  Rose n &  Sherman ,  1989 ,  p383) .  Geneti c 
studie s (e.g. .  Smit h e t  al. ,  1983 )  hav e le d t o th e 
conclusio n tha t  ther e i s a  stron g geneti c componen t 
Studie s mappin g gros s electrica l  activit y i n th e brai n 
hav e als o uncovere d anomalie s i n processin g (e.g. , 
Duff y e t  al. .  1980 ;  Hyn d e t  al. ,  1990) . 

At  present ,  ther e i s littl e o r  n o lin k betwee n th e 
genetic ,  th e anatomical ,  th e neurologica l  an d th e 
cognitiv e approache s t o dyslexia .  Th e 'Hol y (jrail *  o f 
dyslexi a research  i s surel y t o establis h suc h a  link . 
Not  onl y woul d suc h a  lin k betwee n brai n an d min d 
prov e a  breakthroug h i n dyslexi a research,  i t  seem s 
likel y tha t  th e insight s gained  woul d provid e a  rich 
sourc e o f  idea s fo r  modellin g norma l  cognition , 
bequeathin g a  researc h agend a stretchin g int o th e nex t 
century .  Thi s ques t  ha s prove d th e inspiratio n fo r  ou r 
pas t  fiv e years '  research,  an d i n thi s pape r  w e wis h t o 
summaris e th e earl y results,  report  recen t  findings , 
and outlin e futur e researc h directions . 

Our  broa d researc h strateg y wa s firs t  t o m a p ou t 
th e ful l  rang e o f  cognitiv e problem s show n b y 
childre n wiU i  dyslexia ,  an d nex t  t o attemp t  t o fin d th e 
lowes t  coQuno n denominato r  o f  thes e problem s b y 
attemptin g t o desig n simple r  an d simple r  test s unti l 
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we eventuall y arrive d a t  a  situatio n wher e tes t  A 
showe d n o deflci t  wherea s tes t  B ,  whic h involve d 
additio n o f  a  minima l  furthe r  componen t  t o A , 

revealed  a  defici L 

Overa l l  Des ig n o f  th e Studie s 

It is clearly valuable to identify whether children with 
dyslexi a perfor m significantl y wors e tha n thei r  age -
matche d controls ,  bu t  on e o f  th e ke y discriminant s 
betwee n theorie s i s a  tes t  o f  performanc e o f  childre n 
wit h dyslexi a agains t  readin g ag e controls ,  sinc e a 
significan t  impairmen t  compare d wit h readin g ag e 
control s i s indicativ e o f  developmenta l  disorde r  rathe r 
tha n jus t  a  developmenta l  la g (cf .  Bryan t  & 
G o s w a m i ,  1986) .  Sinc e th e specifi c  natur e o f 
dyslexi c children' s deficit s m a y als o chang e wit h age , 
i t  i s  importan t  t o examin e th e effect s o f  ag e 
separately .  Thes e consideration s sugges t  a n 
experimen t  wit h a t  leas t  si x group s o f  subjects :  tw o 
group s o f  childre n wit h dyslexi a o f  differen t  mea n 
ages ;  tw o group s o f  norma l  childre n matche d t o th e 
childre n wit h dyslexi a o n chronologica l  age ;  an d tw o 
group s o f  norma l  childre n matche d t o th e childre n 
wit h dyslexi a o n readin g age . 

Thre e separat e issue s ar e o f  interes t  i n th e 
statistica l  analyse s fo r  eac h experiment .  First . 
whethe r  ther e ar e an y between-grou p difference s a t  all . 
Thi s involve s a  desig n whic h u^t s al l  th e si x group s 
withi n on e factor ,  irrespectiv e o f  ag e an d 
presence/absenc e o f  dyslexia .  W e refer  t o thi s a s th e 
'Overal l  Analysis' .  A  lac k o f  a  significan t  effec t  her e 
woul d sugges t  tha t  th e variabl e unde r  investigatio n 
was unaffecte d b y eithe r  ag e o r  dyslexi a Second ,  i t  i s 
importan t  t o identif y whethe r  childre n wit h dyslexi a 
perfor m wors e tha n thei r  age-matche d controls .  Thi s 
desig n ha s th e tw o leve l  facto r  ag e an d th e tw o leve l 
facto r  [vesence/absenc e o f  dyslexia .  W e refe r  t o thi s 
as ' C A &  Dyslexia' .  A  mai n effec t  o f  ag e woul d 
indicat e a  developmenta l  tren d i n th e variabl e i n 
question ,  whil e a  mai n effec t  o f  dyslexi a woul d 
sugges t  a  reliable  differenc e betwee n dyslexi c an d 
contro l  subject s o f  equivalen t  age .  Suc h a  differenc e 
may,  however ,  b e attributabl e eithe r  t o a  fundamenta l 
difference ,  o r  t o a  developmenta l  lag .  Decidin g 
betwee n thes e require s a  thir d analysis ,  on e involvin g 
a ccMnpariso n wit h reading  ag e controls ;  thi s als o ha s 
tw o factors ,  namel y a  tw o leve l  facto r  readin g age , 
and a  tw o leve l  facto r  presence/absenc e o f  dyslexia . 
We refer  t o thi s a s 'R A &  Dyslexia' .  A  negativ e 
effec t  o f  dyslexi a o n thi s analysi s woul d indicat e tha t 
dyslexi c subject s ar e performin g mor e poorl y tha n 
younge r  childre n o f  equivalen t  readin g age ,  an d woul d 
argu e agains t  a  developmenta l  la g interpretation . 

Not e tha t  th e latte r  tw o analyse s ar e base d o n onl y 
fou r  o f  th e experimenta l  groups .  Fortunately ,  a s 
describe d i n th e nex t  sectio n w e wer e abl e t o selec t 
tw o group s o f  childre n wit h dyslexi a w h o wer e 

sufficientl y simila r  i n I Q t o allo w a  singl e contro l 
grou p t o b e use d bot h a s R A contro l  fo r  th e olde r 
childre n wit h dyslexi a an d C A contro l  fo r  th e younge r 
childre n wit h dyslexia ,  thu s leadin g t o a  tota l  o f  onl y 
five  groups . 

The subject panel 

Five groups of subjects participated in the initial 
studies .  Th e group s were ;  1 2 childre n wit h dyslexi a 
aroun d I S year s old ;  1 1 childre n wit h dyslexi a aroun d 
11 year s old ;  a  grou p o f  1 2 norma l  childre n matche d 
t o th e olde r  childre n wit h dyslexi a fo t  ag e an d ful l  IQ ; 
a grou p o f  1 1 norma l  childre n o f  simila r  I Q t o th e 
tw o dyslexi c groups ,  matche d fo r  chronologica l  ag e 
wit h th e younge r  childre n wit h dyslexi a an d fo r 
readin g ag e wit h th e olde r  childre n wit h dyslexia ;  an d 
a fifth  grou p o f  1 0 norma l  childre n aroun d 8  year s ol d 
matche d fo r  readin g ag e an d ful l  I Q wit h th e younge r 
childre n wit h dyslexia .  Al l  th e childre n wit h dyslexi a 
had bee n diagnose d a s dyslexi c betwee n th e age s o f  7 
and 10 .  base d o n discrepancie s o f  a t  leas t  1 8 month s 
betwee n chronologica l  an d readin g age .  Thei r  I Q 
level s fel l  i n th e norma l  t o superio r  rang e o n th e 
Wechsle r  Intelligenc e Scal e fo r  Childre n (Wecbsler , 
1976 )  an d the y ha d n o know n neurologica l  defici t  o r 
primar y emotiona l  difficulty .  Fo r  severa l  childre n 
wit h dyslexi a I Q and/o r  readin g ag e defici t  ha d 
change d sinc e diagnosis ,  an d a  criterio n o f  a t  leas t  on e 
yea r  defici t  i n readin g ag e compare d wit h 
chronologica l  ag e a t  th e tim e o f  th e experimen t  wa s 
adopte d (thi s le d t o th e exclusio n o f  5  childre n fro m a 
large r  origina l  pool) .  Th e childre n wit h dyslexi a wer e 
recruite d vi a th e loca l  dyslexi a associations ,  an d th e 
norma l  control s wer e recruite d fro m loca l  schools . 
Recentl y w e hav e recruite d a  grou p o f  8  yea r  ol d 
childre n wit h dyslexi a an d a  grou p o f  6  yea r  ol d R A 
conU'ols .  an d hop e t o repor t  th e combine d results  fo r 
al l  seve n groups .  Th e followin g analyses ,  however . 
ar e base d onl y o n ou r  origina l  five  groups . 

Stud y 1 .  Workin g M e m o r y an d 
Dyslexi a 

We first report briefly a set of experiments exploring 
di e relationshi p betwee n phonologica l  processing . 
workin g m e m o r y an d articulatio n rate .  Recen t 
researc h ha s demonstrate d tha t  i n additio n t o thei r 
phonologica l  deficits ,  childre n wit h dyslexi a suffe r 
impairment s i n workin g memor y performanc e (Jorm , 
1983 ;  SnowUn g e t  al. ,  1986 ;  Gathercol e &  Baddeley , 
1990) .  I n principl e eithe r  a  phonologica l  defici t  o r  a 
workin g memor y defici t  coul d underli e boU i  set s o f 
symptoms .  W e undertoo k a  serie s o f  experiment s 
wid i  th e abov e five  group s o f  childre n designe d t o 
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Figur e 1 .  M e m o r y Spa n a s a  functio n o f 
Articulatio n Rat e 

« 
•o 
O 
t 
c 
a 

o 
E 
V 
S 

6 

5 

4 

3 

r 

^  • 

•  Con t  1 5 
o Dy s 1 5 

•  Con t  1 1 

^  Dy s 1 1 

•  Con t  8 

1 
0 1 2 3  4 5 

Articulatio n Rat e (Word s /  sec ) 

tease out whicb factors underlay the deficits 
(Nicolson ,  Fawcet t  &  Baddeley .  1992) . 

I n summary ,  th e performanc e o f  th e olde r  childre n 
wit h dyslexi a acros s th e rang e o f  taslc s wa s slightl y 
but  no t  significantl y wors e tha n thei r  C A control s 
and indistinguishabl e fro m tha t  o f  thei r  R A controls . 
By contrast ,  th e performanc e o f  th e younge r  childre n 
wit h dyslexi a wa s significantl y wors e tha n tha t  o f 
thei r  C A control s o n phonologica l  discrimination , 
articulatio n rate ,  an d nonwor d repetition ,  an d wa s 
significantl y wors e eve n tha t  o f  thei r  R A control s o n 
repetitio n o f  longe r  nonwords .  O n test s o f  memor y 
span ,  al l  fiv e group s showe d th e norma l  phonologica l 
similarit y effec t  an d th e norma l  wor d lengt h effect . 
W h en memor y spa n wa s regresse d a s a  functio n o f 
articulatio n rate ,  ther e wa s n o evidenc e o f  impaire d 
slop e o r  intercep t  fo r  th e childre n wit h dyslexi a (se e 
figur e 1) . 

We concluded  tha t  th e 1 1 yea r  ol d childre n wit h 
dyslexi a sho w residua l  problem s o n phonologica l 
processing ,  especiall y fo r  task s involvin g unfamilia r 
stimuli ,  bu t  tha t  b y thei r  mid-teen s childre n wit h 
dyslexi a hav e largel y overcom e thes e problems .  Th e 
majo r  remainin g proble m fo r  th e childre n wit h 
dyslexi a appeare d t o b e a  continuin g lac k o f  fluenc y 
i n articulation ,  a  facto r  whic h i s sufficien t  t o accoun t 
fo r  th e sligh t  deficit s o n memor y span .  Furthermore , 
we argue d tha t  th e articulatio n rat e defici t  provide s a 
parsimoniou s explanatio n o f  th e rang e o f  deficit s 
shown b y th e younge r  childre n wit h dyslexia .  W e 
conclude d tha t  neithe r  impaire d phonologica l  skill s 
nor  impaire d workin g memor y i s sufficien t  i n itsel f 
t o explai n th e deficits ,  bu t  tha t  som e deepe r 
explanatio n mus t  b e sought . 

S t u d y 2 .  M o t o r  B a l a n c e a n d Dys lex i a 

This set of experiments was designed to identify 
whethe r  childre n wit h dyslexi a showe d an y deficit s i n 
a skil l  a s fa r  remove d a s possibl e fro m reading , 
namel y gros s moto r  balance .  Clearl y an y balanc e 
deficit s woul d sugges t  tha t  th e phonologica l  defici t 
hypothesi s wa s insufficientl y broa d t o accoun t  fo r  th e 
rang e o f  problem s suffere d b y childre n wit h dyslexia . 
An initia l  stud y i s reporte d i n Nicolso n &  Fawcet t 
(1990) ,  wit h subsequen t  studie s usin g th e curren t 
subjec t  group s reporte d i n Fawcet t  &  Nicolso n 
(1991) .  I n brief ,  w e establishe d tha t  childre n wit h 
dyslexi a balance d jus t  a s wel l  a s thei r  control s unde r 
'Jus t  balance '  conditions ,  bu t  tha t  th e childre n wit h 
dyslexi a showe d a  significan t  balanc e defici t  (ie .  tbe y 
wobble d more )  w h e n require d t o balanc e whil e 
carryin g ou t  a  furthe r  tas k (eve n a s simpl e a  tas k a s a 
selectiv e choic e reaction ,  i n whic h tbe y ba d t o sa y 
'Yes '  o r  pres s a  butto n o n hearin g a  lo w tone ,  bu t  t o 
make n o respons e i f  a  hig h ton e wa s presented) . 
We interprete d thes e result s a s evidenc e tha t  dyslexi c 
children' s balanc e wa s no t  full y  automated ,  unlik e 
tha t  o f  thei r  controls ,  an d consequentl y formulate d ou r 
'Dyslexi c Automatisatio n Deficit '  ( D A D )  hypothesis , 
whic h state s tha t  childre n wit h dyslexi a suffe r  from 
e x u e m e difficultie s i n full y  automatisin g skill s 
(whethe r  cognitiv e o r  motor) .  I n additio n t o D A D w e 
formulate d th e 'Consciou s Compensation '  hypothesi s 
whic h state s tha t  i n norma l  circumstance s childre n 
wit h dyslexi a ar e abl e t o mas k thei r  lac k o f 
automatisatio n b y concentratin g harde r  o n th e tas k 
(consciou s compensation) ,  an d thu s tha t  th e deficit s 
wil l  sho w u p primaril y unde r  advers e condition s (suc h 
as i n dua l  tasks ;  whe n hig h spee d i s required ,  a s i n 
reading ;  o r  i n genera l  whe n th e chil d i s stresse d o r 
tired) .  Th e D A D hypothesi s ha s a n inheren t 
plausibility ,  an d account s fo r  a  rang e o f  finding s 
abou t  childre n wit h dyslexi a suc h a s quicke r  tiring , 
greate r  distractibility ,  problem s i n sho e lac e tying . 
and th e lik e (se e Augur ,  1985) .  However ,  i t  wa s b y 
no mean s th e onl y possibl e interpretatio n o f  th e 
results ,  wit h on e ke y issu e bein g whethe r  th e dua l 
tas k deficit s wer e actuall y attributabl e t o som e genera l 
proble m wit h attentio n sharin g ratbe r  tha n a  proble m 
specifi c  t o balance . 

We decide d t o investigat e thi s issu e furthe r  b y 
runnin g a  furthe r  experimen t  i n whic h w e compare d 
th e balanc e performanc e o f  ou r  subject s unde r  norma l 
condition s an d whe n the y wer e blindfolded .  Th e latte r 
conditio n i s no t  a  dua l  tas k conditio n bu t  th e subject s 
ar e prevente d fro m usin g th e norma l  visua l  cue s t o 
assis t  wit h balance .  Consequentl y a n attention -
sharin g defici t  theor y predict s equivalen t  performanc e 
t o tha t  o f  th e controls ,  wherea s D A D (an d an y moto r 
skil l  defici t  hypothesis )  predict s impaire d performanc e 
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Figur e 2 .  Blindfol d Balanc e 
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Figur e 3 .  Simpl e Reaction s an d Selectiv e 
Choic e Reaction s 

Normal BUndfol d 

relative  t o th e control s whe n blindfolde d Th e result s 
wer e clearcut ,  followin g exactl y th e sam e patter n a s 
we obtaine d i n ou r  earlie r  dua l  tas k balanc e 
experiment s (se e Fig .  2) . 

I t  m a y b e see n tha t  th e childre n wit h dyslexi a 
balance d a s wel l  a s thei r  control s i n th e norma l 
balanc e condition ,  but ,  unlik e th e controls ,  th e 
dyslexi c children' s balanc e wa s impaire d i n th e 
blindfol d balanc e condition .  Statistica l  analyse s o f 
th e blindfol d balanc e defici t  (th e inaeas e i n error s 
when blindfolded )  showe d tha t  bot h group s o f  childre n 
wit h dyslexi a wer e significantl y mor e impaire d tha n 
al l  thre e contro l  group s (p<.01) . 

S t u d y 3 .  S p e e d o f  P rocess in g a n d 

D y s l e x i a . 

In an effort to trace the dyslexic deficit back to its 
source ,  w e decide d t o investigat e spee d o f  informatio n 
processing ,  usin g a  variet y o f  reaction  tim e task s i n 
th e hop e tha t  a t  som e poin t  w e woul d fin d a  cu t  of f 
wher e task s o f  lesse r  complexit y woul d sho w n o 
deficit ,  wherea s mor e comple x task s woul d resul t  i n a 
defici t  W e trie d a  variet y o f  simple r  an d simple r 
task s — 'Coding' ,  lexica l  access ,  choic e reaction ,  an d 
finall y simpl e reactio n t o a  ton e i n a n attemp t  t o fui d 
norma l  performance .  Deficit s wer e foun d al l  th e wa y 
down t o 2-cboic e reactions ,  an d s o w e presen t  th e dat a 
fo r  th e tw o simples t  conceivabl e tasks ,  a  simpl e 
reactio n an d a  selectiv e choic e reaction  tas k (SCRT) . 
Th e stud y i s presente d i n detai l  i n Nicolso n & 
Fawcet t  (1992 )  an d s o a  summar y shoul d suffic e here . 

I n bot h tasks ,  subject s sa t  wit h a  singl e butto n i n 
thei r  preferre d hand ,  an d thei r  tas k wa s t o pres s i t  a s 
quickl y a s possibl e wheneve r  the y bear d a  lo w tone . 
I n th e simpl e reactio n task ,  n o othe r  ton e wa s eve r 
IM êsented .  bu t  i n th e S C R T task ,  ther e wa s a n equa l 
probabilit y  o f  a  hig h ton e bein g presented .  Th e 
subjec t  ha d t o ignor e th e hig h tone ,  thereb y mak e a 
selectiv e choic e reactio n t o th e lo w tone .  Thes e task s 
wer e introduce d b y Donder s wel l  ove r  a  centur y ago . 
Hi s rational e wa s tha t  th e onl y differenc e betwee n th e 
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task s wa s th e nee d t o classif y th e stimulu s befor e 
responding  i n th e S C R T trials ,  an d h e argue d tha t 
subtractin g th e simpl e reactio n tim e (SRT )  fro m th e 
S C RT tim e gav e a n estimat e o f  'stimulu s 
classification '  time .  Th e experimen t  wa s computer -
controlled ,  an d 1(X )  stimul i  wer e presente d a t  a n 
averag e rat e o f  1  pe r  2  seconds .  Th e result s ar e 
show n i n figure  3 .  plotte d o n th e sam e grap h t o 
facilitat e comparison . 

I t  i s  clea r  that ,  althoug h th e subject s wit h dyslexi a 
performe d a t  th e sam e leve l  a s thei r  same-ag e control s 
on th e simpl e reactions,  the y wer e slowe d dow n mor e 
by th e nee d t o mak e a n S C R T .  Analysi s o f  th e 
simpl e reactions  indicate d tha t  bot h group s o f  olde r 
subject s wer e significantl y faste r  tha n al l  thre e group s 
of  younge r  subjects . 

Analysi s o f  th e SRT' s i n term s o f  ag e an d 
dyslexi a indicate d a  highl y significan t  effec t  o f  ag e 
(p<.(XX)l) ,  wherea s ther e wa s n o effec t  whatsoeve r  o f 
dyslexia .  Analysi s o f  th e S C R T s indicate d a 
significan t  effec t  o f  bot h ag e an d dyslexi a a t  th e .0 1 
level .  Pairwis e comparison s indicate d tha t 
performanc e o f  th e olde r  control s wa s significantl y 
faste r  tha n fo r  th e othe r  fou r  groups . 

A thir d analysi s o f  varianc e wa s conducte d o n th e 
SRT's ,  omittin g th e oldes t  control s an d comparin g 
th e tw o dyslexi c group s wit h thei r  readin g ag e 
controls .  Th e mai n effect s o f  bot h ag e an d dyslexi a 
wer e highl y significan t  a t  th e .00 1 level .  Analysi s o f 
th e S C R T s indicate d a  significan t  effec t  o f  ag e 
(p<.01 )  bu t  n o effec t  o f  dyslexia . 

T o summaris e th e R T results :  fo r  th e simpl e 
reactio n tas k bot h group s o f  dyslexi c subject s 
performe d a t  th e appropriat e leve l  fo r  thei r  age ,  an d 
significantl y faste r  tha n thei r  R A controls .  However , 
fo r  th e S C R T conditio n th e dyslexi c subject s slippe d 
back ,  t o th e exten t  tha t  the y wer e significantl y slowe r 
tha n thei r  C A control s an d equivalen t  t o thei r  R A 
controls .  Th e sam e patter n o f  results  applie d fo r  bot h 
mean an d media n latency .  Furthermore ,  th e dyslexi c 
childre n were ,  i f  anything ,  les s accurat e tha n thei r 
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age-matcbe d cxMiirols ,  sbowin g tha i  th e S C R T result s 
canno t  b e attribute d t o som e speed-accurac y trade-of f 
effec t 

A numbe r  o f  possibl e explanation s ca n b e offere d 
fo r  th e slowe r  decisio n proble m — presumabl y th e 
proble m mus t  li e eithe r  i n tb e tim e take n t o analys e 
tb e stimuli ,  tb e tim e take n fo r  tb e 'centra l  executive ' 
t o 'notice '  tha t  tb e stimulu s ha s bee n classiHed ,  th e 
tim e take n t o determin e th e appropriat e moto r 
response ,  o r  th e tim e take n t o 'load '  i t  read y t o 
despatc h tb e neura l  impulse s t o tb e flnger.  Furthe r 
research  woul d b e neede d t o distinguis h betwee n thes e 
possibilities ,  bu t  ou r  gues s i s tha t  tb e proble m i s no t 
a perceptua l  on e — th e tim e take n t o classif y th e 
inpu t  — sinc e thi s i s  no t  sufficientl y genera l  t o 
explai n th e rang e o f  deflcit s suffered .  Consequentl y  i t 
seems mos t  likel y tha t  th e proble m lie s somewher e 
withi n th e centra l  processin g system .  W e retur n t o 
thi s issu e i n di e overal l  discussio n o f  th e finding s i n 
th e thre e studies . 

D i s c u s s i o n 

Simplifying  greatly, diere are three major groups of 
theoc y fo r  th e origin s o f  dyslexia :  Ui e phonologica l 
defici t  hypoUiesis ,  ih e visua l  defici t  hypothesis ,  an d 
th e automatisatio n defici t  hypothesi s (hencefort h 
D P D,  D V D an d D A D respectively) .  Th e mos t  recen t 
formulatio n o f  tb e D V D hypothesi s i s tha t  ther e i s a 
defici t  i n th e transien t  visua l  system ,  cause d b y 
neuroanatomica l  abnoimalide s i n Ui e magnocellula r 
pathway s t o th e latera l  geniculat e nucleu s 
(Livingston e e t  al. .  1991) .  Th e D V D hypodiesi s i s 
unabl e t o accoun t  fo r  di e establishe d phonologica l 
deficit s o r  fo r  tb e balanc e deficit s reporte d here ,  an d s o 
can onl y b e a  partia l  explanation .  Phonologica l 
processin g i s o f  cours e a  skil l  buil t  u p vi a continua l 
practic e dirougbou t  childhood .  I t  wouk l  Uierefor e b e 
expecte d unde r  D A D Uia t  phonologica l  deficit s wouk l 
arise ,  an d indeed ,  th e prediction s o f  D A D appea r  t o b e 
indistinguishabl e fro m Uios e o f  D K )  i n di e are a o f 
phonologica l  processing ,  excep t  tha t  D A D als o 
predict s reduce d spee d o f  articulation .  O n e migh t 
interpret ,  therefore ,  th e D P D hypothesi s a s a 
specialisatio n o f  D A D t o tb e phonologica l  domain . 
I t  may ,  however ,  b e significan t  tha t  althoug h 
automaticit y fo r  phonologica l  skill s  develop s i n a 
simila r  fashio n t o visua l  automaticity ,  a t  leas t  i n th e 
earl y stage s i t  tend s t o b e les s resistan t  t o interferenc e 
fro m multi-channe l  inpu t  (Mullinex ,  Sawusc h & 
Garrison ,  1992) .  Th e tw o dieorie s diffe r  i n dia t  D A D 
predict s deficit s outsid e th e phonologica l  domai n 
(indeed ,  fo r  an y skille d activit y wher e automatisatio n 
deficit s canno t  b e maske d b y consciou s 
compensation) .  Thi s wa s th e reaso n wh y w e selecte d 
balanc e a s a  tas k t o investigat e i n di e firs t  plac e — i t 

was a  shar p tes t  whic h discriminate d betwee n D P D 
and D A D . 

Unlik e D P D ,  di e D A D hypothesi s provide s a 
natura l  explanatio n o f  bot h th e dua l  tas k balanc e 
deficit s an d th e blindfol d balanc e deficits .  I t  i s  als o 
abl e t o explai n tb e workin g memor y defici t  naturall y 
i n term s o f  tb e reduce d (les s fluent )  articulatio n rate . 
Tbe remainin g issu e Cra m di e studie s reporte d her e i s 
wbedie r  D A D i s abl e t o giv e a  principle d accoun t  o f 
di e reaso n fo r  tb e dichotom y betwee n S R T s an d 
S C R T s.  Her e di e argumen t  i s  les s convincing . 
W h y,  fo r  instance ,  i s dier e n o defici t  i n SRTs ,  bu t  a 
defici t  i n S C R T an d odie r  mor e comple x choic e 
reactions ? Presumabl y di e reaso n lie s i n th e nee d t o 
make a  decisio n i n tb e latte r  cases ,  radie r  dia n merel y 
execut e a  pre-determine d response .  Tb e slowe d 
cognitiv e decisio n i s  quit e consisten t  wit h th e 
framewor k o f  automatisatio n — fo r  tb e sam e amoun t 
of  practic e th e decisio n i s  les s automati c — bu t 
unfortunatel y fo r  D A D ,  i t  ca n offe r  n o principle d 
reaso n w h y automatisatio n shoul d b e difficul t  onl y 
fo r  decision-base d tasks .  Onc e on e i s attemptin g t o 
expk)r e centra l  processes ,  di e D A D hypodiesi s offer s 
to o coars e grai n a n analysis . 

O ne speculation ,  give n tb e involvemen t  o f  di e 
cerebellu m no t  onl y i n moto r  skil l  bu t  als o i n 
automatisatio n (Ito ,  1984 )  an d i n tb e developmen t  o f 
cognitiv e skil l  an d languag e (Leiner ,  Leine r  &  D o w , 
1989) ,  i s  tha t  som e cerebella r  abnormalit y i s 
mediatin g di e rang e o f  deficit s shown .  Give n di e 
ccMnplexit y o f  di e brai n circuitr y involved ,  however , 
i t  seem s likel y tha t  abnormalitie s i n almos t  an y 
componen t  o f  th e ceiebro-cerebella r  loo p migh t  lea d 
t o qualitativel y simila r  symptoms . 

Conc lus ion s 

To summarise our research findings, we 
establishe d tha t  a  phonologica l  defici t  alon e wa s no t 
capabl e o f  accountin g fo r  tb e rang e o f  deficit s found . 
Ther e wa s stron g evidenc e o f  m automatisatio n defici t 
on moto r  balance ,  an d th e automatisatio n defici t 
hypothesi s q)peare d enabl e o f  explainin g no t  onl y 
di e balanc e deficits ,  bu t  als o th e phonologica l  defici t 
and di e establishe d problem s o f  wcvkin g memory . 
However ,  th e automatisatio n deficit s ar e bes t  see n 
als o a s a  sympto m o f  s(Hn e deepe r  underlyin g cause . 
The lac k o f  a  defici t  fo r  simpl e reactions ,  take n 
togethe r  wit h th e appearsnc e o f  a  defici t  i n eve n di e 
simples t  choic e reactions ,  sugges t  tha t  th e mos t 
likel y caus e i s som e proble m withi n tb e centra l  brai n 
processes .  O n e speculatio n i s  tha t  thes e deficit s 
deriv e fro m abnormalitie s withi n th e cerebro -
cerebella r  neura l  padiways . 

O ne mus t  b e cautiou s i n generalisin g fro m th e 
result s fro m tw o smal l  group s o f  childre n wit h 
dyslexia ,  but ,  i f  ou r  finding s ar e replicate d o n a  wid e 
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rang e o f  childre n wit h dyslexia ,  w e believ e tha t  thi s 
analysi s set s ne w an d excitin g agend a fo r  dyslexi a 
researc h fo r  th e nex t  decade .  Th e researc h agend a ar e 
clear :  inter-disciplinar y collaboratio n toward s a 
clearl y identifie d targe t  tha t  promise s t o dispers e som e 
of  th e mist s whic h presentl y shroti d th e relationshi p 
betwee n mind ,  brai n an d behaviour . 
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