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Deafnes s Drive s Developmen t  o f  Attentio n t o C h a n g e i n tli e Visua l  Fiel d 
Teres a V .  Mitchel l  an d Lind a B .  Smit h 

E)epartinen t  o f  Psycholog y 
Indian a Universit y 

Bloomington ,  I N 4740 5 
t e m i t c h e S i n d i a n a .  e d u s in i t h49 ind iana .  e d u 

Abstrac t 

Deaf (n = 37) and bearing (n = 37) tubjecu ages 6-7, 9-
10,  an d 1 8 +  participate d i n a  visua l  attentio n experimen t 
designe d t o tes t  tb e hypothesi s tha t  visio n i n th e dea f 
becomes specialize d ove r  developmenU l  tim e t o detec t 
chang e i n th e visua l  field .  Al l  children ,  regardles s o f 
hearin g status ,  shoul d atten d t o chang e i n th e visua l  field . 
However ,  th e differin g developmenta l  experience s an d 
sensor y "tools "  betwee n dea f  an d hearin g creat e differen t 
demands o n thei r  visua l  systems .  Hearin g individual s ma y 
become capabl e o f  ignorin g man y change s i n th e visua l 
fiel d becaus e the y ca n simulUneousl y monito r  th e worl d 
auditoriall y an d atten d t o task-relevan t  informatio n 
visually .  I f  so ,  the n dea f  individual s ma y An d i t  difficul t  t o 
ignor e chang e i n th e visua l  fiel d becaus e thei r  visua l 
syste m mus t  bot h monito r  th e worl d an d atten d t o task -
relevan t  informatio n withou t  simultaneou s auditor y input . 
Subject s i n thi s experimen t  complete d tw o attentiona l 
captur e task s i n whic h the y searche d fo r  a  uniquel y shape d 
targe t  i n th e presenc e o f  tw o irrelevan t  stimulu s 
manipulation s (colo r  o r  motion) .  Thi s manipulatio n wa s 
applie d t o th e targe t  o n hal f  tb e tas k trial s an d t o a 
distracto r  o n tb e othe r  half .  Attentio n t o th e irrelevan t 
manipulation s wil l  creat e differentia l  reactio n time s (RTs ) 
when th e targe t  i s manipulate d versu s whe n a  distracto r  i s 
manipulated .  Result s indicate d divergen t  developmen t 
betwee n th e tw o groups .  Bot h dea f  an d hearin g childre n 
produce d differentia l  RT s i n th e tw o tasks ,  whil e onl y dea f 
adult s attende d t o th e task-irrelevan t  changes .  Further , 
whil e hearin g subject s wer e mor e affecte d b y motio n tha n 
color ,  dea f  subject s ar e mor e equall y affecte d b y both . 
Result s ar e discusse d a s compensator y change s i n visua l 
processin g a s a  resul t  o f  auditor y deprivation . 

Introduction 

There is a popular notion that unimodal sensory 
dq)rivatio n affect s intersensor y interactio n b y leadin g t o th e 
developmen t  o f  compensator y functionin g i n th e other , 
intac t  modalitie s ~  tha t  dea f  peopl e iS£ .  bette r  an d blin d 
peopl e hea r  better ,  fo r  example .  Th e fact ,  however ,  i s  tha t 
change s i n intac t  modalitie s followin g unimoda l  sensor y 
deprivatio n ar e no t  global ,  an d ca n no t  necessaril y b e 
characterize d a s simpl y "better "  o r  "worse. "  Rather ,  on e ha s 
t o conside r  th e developin g individua l  a s a  complex ,  changin g 
system ,  adaptin g th e configuration s o f  it s  sensor y system s 
t o tb e specifi c  tas k a t  hand .  A  clos e inspectio n o f  th e role s 
of  eac h modalit y i n a n intac t  system ,  o f  th e way s eac h 
modalit y inform s th e others ,  a s wel l  a s a n analysi s o f  th e 
type s o f  tas k problem s th e deprive d syste m mus t  solv e ar e 
necessar y i n orde r  t o mak e precise ,  differentia l  hypothese s 
abou t  b o w intac t  modalitie s shoul d function .  I n thi s 
research ,  w e sough t  t o understan d thes e developmenta l 

processe s i n on e domain :  th e rol e o f  auditio n i n th e 
develofxnen t  o f  visua l  attention . 

Sensor y system s d o no t  develo p independently .  Researc h 
on altere d sensor y developmen t  i n laborator y animal s show s 
tha t  manipulatin g th e developmenta l  timin g o f  potentiall y 
competing ,  simultaneou s sensor y input s ca n chang e th e 
trajector y o f  development .  Fo r  example ,  Turkewit z & 
Kenn y (1985 )  foun d tha t  introducin g visua l  inpu t  t o ra t  pup s 
prio r  t o it s typica l  onse t  disrupte d homin g bdiavior ,  whic h 
i s acquire d ver y earl y an d i s  dependen t  o n olfactor y 
information .  Smal l  (1978 )  showe d tha t  afte r  remova l  o f  th e 
olfactor y bul b i n neonat e hamsters ,  a  therma l  preferenc e 
continue s t o dominat e homin g behavio r  throug h th e perio d 
when thi s preferenc e i s normall y overtake n b y olfaction . 
Th e manipulatio n o f  multimoda l  inpu t  als o change s th e 
organizatio n o f  individua l  sensor y system s a t  th e neura l 
level .  Fo r  example ,  Krech .  Rosenzweig .  an d Benne t  (1963 ) 
reare d rat s i n environment s ric h i n opportunitie s fo r  tactil e 
and hapti c stimulation .  Thos e rat s tha t  ha d bee n reare d i n 
th e dar k develope d heavie r  somatosensor y cortica l  area s tha n 
di d light-reare d rat s an d dark-reare d rat s evidence d greate r 
biochemica l  activit y i n nonvisua l  area s tha n di d light-reare d 
rats .  Together ,  thes e result s illustrat e tha t  behaviora l  an d 
neura l  organizatio n depend s i n par t  o n th e natur e an d 
developmenta l  timin g o f  correlate d sensor y inpu t  fro m 
multipl e modalitie s (se e als o Stei n &  Meredith ,  1993) . 

Ther e i s  als o evidenc e fro m h u m a n developmen t  i n 
suppor t  o f  thes e ideas .  Nevill e an d he r  colleague s (Nevill e 
& Lawson ,  1987 a &  b )  reporte d enhance d processin g o f 
periphera l  visua l  event s i n dea f  subject s relativ e t o hearin g 
subjects .  Dea f  adult s responde d faste r  an d mor e accuratel y 
tha n hearin g adult s t o periphera l  targets ,  whil e n o grou p 
difference s wer e foun d i n response s t o foveall y presente d 
target s (Nevill e &  Lawson ,  1987 a &  b ;  se e als o Lok e & 
Song,  1991) .  Nevill e als o foun d tha t  dea f  subjects '  evoke d 
response s t o periphera l  stimul i  ha d highe r  amplitud e an d 
shorte r  latenc y tha n hearin g adults' .  Furthermore ,  dea f 
subject s produce d activit y i n brai n region s tha t  ar e generall y 
involve d i n th e processin g o f  auditor y informatio n i n 
hearin g adult s (Nevill e &  Lawson ,  1987 a &  b) .  Additiona l 
stud y reveale d tha t  dea f  individuals '  enhance d sensitivit y t o 
periphera l  informatio n result s s o m e h o w fro m a  lac k o f 
auditor y experienc e an d no t  fro m tb e us e o f  a  visua l 
languag e (Nevill e &  Lawson ,  1987c) .  Specifically ,  hearin g 
adult s w h o wer e raise d b y dea f  parent s an d whos e firs t 
languag e wa s America n Sig n Languag e performe d lik e 
bearin g subject s an d no t  lik e dea f  subjects . 

Whil e d ^  adult s sho w enhance d respondin g t o periphera l 
visua l  information ,  researc h indicate s tha t  dea f  childre n 
perfon n poorl y i n compariso n t o hearin g childre n o n task s 
requirin g sustaine d attentio n t o centrall y presente d visua l 
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informatio n (Quittner ,  Smith ,  Osberger ,  Mitchel l  &  Katz , 
1994 ;  Mitche U &  Quittner ,  1996) .  W h e n aske d t o respond 
t o a  two-digi t  targe t  sequenc e i n a  strea m o f  individuall y 
presente d stimuli ,  dea f  childre n atten d mor e t o non-targe t 
informatio n an d produc e lowe r  d-prim e an d highe r  bet a 
score s tha n hearin g children .  Togethe r  thes e results  sugges t 
tha t  visua l  processin g develop s differentl y i n th e absenc e o f 
audition ,  leadin g t o enhance d attentio n t o periphera l  event s 
and perhap s decrease d vigilanc e t o centra l  events . 

O ne w a y o f  understandin g th e difference s betwee n dea f  an d 
hearin g individual s i s i n term s o f  a  normall y multimoda l 
attentiona l  syste m adaptin g t o th e lac k o f  auditor y input .  I n 
th e hearin g individual ,  auditio n provide s infonnatio n fro m 
bot h nea r  an d fa r  environmenta l  events .  Thus ,  soun d ca n b e 
use d t o monito r  th e worl d fo r  changin g event s an d t o 
reorien t  visua l  attentio n i f  necessar y whil e th e visua l  syste m 
i s fre e t o focu s i n o n task-specifi c  information .  Fo r  dea f 
individuals ,  th e absenc e o f  auditio n mean s tha t  th e visua l 
syste m mus t  b e c o m e responsible  fo r  monitorin g th e world , 
bot h nea r  an d far ,  a s wel l  a s pickin g u p th e relevan t 
infonnatio n fo r  th e tas k a t  hand ,  h i  l»ief ,  w e predic t  tha t  th e 
difference s betwee n hearin g an d dea f  individuals '  experience s 
monitorin g an d orientin g t o event s i n th e world ,  wit h an d 
withou t  th e suppor t  o f  audition ,  lead s t o th e emergenc e o f 
difference s i n visua l  attentio n ove r  developmenta l  time .  T o 
tes t  thi s idea ,  w e trac k th e developmen t  o f  visua l  attentio n 
i n dea f  an d bearin g individuals .  Thi s i s th e first  stud y o f 
thi s kind . 

We teste d th e hypothesi s tha t  visio n i n dea f  individual s 
become specialize d ove r  developmenta l  tim e t o detec t  chang e 
i n th e visua l  field.  W e predicte d tha t  developmen t  woul d 
diifilg e betwee n dea f  an d hearin g subjects .  Y o u n g children , 
regardless  o f  thei r  hearin g status ,  ar e poo r  selectiv e attender s 
an d shoul d therefor e atten d t o an y chang e i n th e visua l  field. 
But ,  a s thes e t w o group s age ,  thei r  differen t  sensor y 
experience s shoul d hav e cumulativ e effects .  Hearin g adult s 
shoul d b e goo d a t  ignorin g change s tha t  ar e no t  tas k 
relevant  Dea f  adults ,  becaus e o f  th e lac k o f  accompanyin g 
auditor y information ,  shoul d nee d t o atten d t o an y chang e i n 
th e visua l  field,  regardless  o f  it s tas k specificity .  T o tes t  th e 
hypothesis ,  dea f  an d hearin g childre n an d adult s wer e 
presente d wit h a  tas k i n whic h the y searche d fo r  a  targe t 
a m o ng distractors .  W e measure d th e degre e t o whic h 
performanc e w a s disrupte d o r  helpe d b y change s i n th e visua l 
field. 

Method 

Subjects 

Normally hearing subjects (n=37) were recruited from 
departmenta l  subjec t  files  an d fro m a n undergraduat e subjec t 
pool .  Subject s wer e recruite d fro m thre e ag e groups :  6-7 , 
9-10 ,  adult .  Thes e ag e group s wer e chose n becaus e o f  th e 
degre e t o whic h attentio n change s i n th e earl y schoo l  years . 
an d becaus e w e wante d t o asses s th e cumulativ e effect s o f 
differin g developmenta l  experience . 

Deaf  subject s (n=37 )  wer e recruite d fro m student s an d staf f 
of  tw o residentia l  stat e school s fo r  th e deaf .  Thes e subject s 
wer e al l  prelinguall y deaf ,  wer e primar y user s o f  sig n 

language ,  ha d hearin g losse s abov e 90d B (averag e pur e ton e 
threshol d i n bette r  ear) ,  an d ha d n o additiona l  handicappin g 
conditions .  Dea f  subject s wer e recruite d fro m th e sam e ag e 
group s a s hearin g subjects . 

Task and Procedure 

We employed a computerized search task, modeled after 
th e attentiona l  captur e paradig m (se e Yantis ,  1993) ,  i n 
whic h shap e wa s th e relevan t  stimulu s dimension .  A 
uniquel y shape d targe t  wa s embedde d amon g one ,  three ,  o r 
five  homogeneousl y shape d distractors .  Figur e 1  present s 
th e stimul i  (1.6 2 degre e visua l  angl e each) ,  whic h wer e 
arrange d i n a  circula r  fashio n (9.1 1 degre e visua l  angle )  i n 
th e cente r  o f  th e compute r  screen .  Stimul i  wer e presente d 
wit h a  1 3 1/2 "  R G B colo r  screen .  Subject s sa t 
approximatel y tw o fee t  fro m th e scree n wit h on e han d o n th e 
mouse throughou t  th e task .  Th e experimente r  sa t  behin d 
and t o th e lef t  o f  th e subject ,  ou t  o f  th e lin e o f  vision , 
controllin g stimulu s presentation s wit h th e keyboard .  Al l 
subject s wer e teste d individuall y i n a  quiet ,  diml y li t  room . 

/ \ 

targe t 

i^ N 

di s tracto r 

Ingur e 1 .  tas k stimul i 

All subjects completed three versions of this task: a 
trainin g task ,  a  motio n task ,  an d a  colo r  task .  Presentatio n 
of  th e motio n an d colc w task s w a s counterbalance d acros s 
subjects .  I n th e trainin g task ,  al l  stimul i  wer e i n blac k 
outlin e an d subject s wer e tol d t o searc h fo r  th e oddl y shape d 
targe t  an d respon d b y pressin g th e m o u s e butto n 
immediatel y upo n detectio n o f  th e target .  The y wer e tol d t o 
wor k a s quickl y a s the y coul d withou t  makin g mistakes . 
Reactio n tim e w a s measured .  Catc h trial s i n whic h ther e 
was n o targe t  wer e embedde d withi n eac h task .  O n thes e 
trials ,  subject s wer e tol d simpl y t o indicat e t o th e 
experimente r  b y speech ,  gesture ,  o r  sig n tha t  n o targe t  wa s 
presen t  an d reaction  tim e ( R T )  w a s no t  measured .  T h e 
experimente r  the n forwarde d th e tas k t o th e nex t  trial .  Thes e 
"targe t  absent "  trial s wer e include d onl y a s catc h trial s t o 
chec k fo r  subjec t  compliance . 

I n th e motio n task ,  w e introduce d apparen t  motio n a s a n 
irrelevan t  stimulu s dimension .  Al l  stimul i  wer e i n blac k 
outlin e an d o n hal f  o f  th e trials ,  th e targe t  produce d apparen t 
motio n (targe t  trial) ,  whil e o n th e othe r  hal f  o f  th e trials , 
on e o f  th e distractor s produce d apparen t  motio n (dislracto r 
trial) .  Subject s wer e tol d abou t  th e motio n manipulatio n 
prio r  t o th e tas k an d t o ignor e i t  a s the y searche d fo r  th e 
targe t  I f  subject s coul d no t  ignor e thi s irrelevan t  stimulu s 
change ,  the y woul d b e fas t  o n targe t  trials ,  an d slo w o n 
distracto r  trials .  Similarly ,  th e overal l  rati o o f  dislracto r 
tria l  R T t o targe t  tria l  R T wil l  b e larg e i f  subject s canno t 
igoo K th e stimulu s manipulation . 
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Similarl y i n tb e colo r  task ,  w e introduce d colo r  a s a n 
irrelevan t  stimulu s dimension .  Al l  stimul i  wer e i n gree n 
outlin e excep t  fo r  on e stimulus ,  whic h wa s red .  Thi s re d 
stimulu s corresponde d t o th e targe t  o n hal f  o f  tb e trial s an d 
corresponde d t o a  distracto r  o n tb e othe r  hal f  o f  th e trials . 
Subject s wer e tol d abou t  th e colo r  manipulatio n prio r  t o th e 
tas k an d t o ignor e i t  a s the y searche d fo r  tb e targe t  Again , 
i f  subject s coul d no t  ignor e thi s irrelevan t  stimulu s change , 
the y woul d b e fas t  o n targe t  trials ,  slo w o n distracto r  trials , 
and woul d produc e larg e distracto r  t o targe t  R T ratios . 

age grou p targe t 
trial s 

6-7 

9-1 0 

adul t 

RT =  69 9 
s d = 1 7 2 

RT = 550 
s d = S 8 

RT = 388 
sd=10 9 

distracto r 
trial s 
RT =  80 4 
sd =  22 3 

RT = 625 
sd =  9 2 

RT = 412 
s d = 1 1 6 

R e s u l t s 

Hearing subjects 

Analyses of RT results included factors for age (3 levels), 
and tria l  typ e (targe t  vs .  distractor) ,  whil e ratio s wer e 
analyze d accordin g t o age .  A s show n i n Tabl e 1 ,  hearin g 
subjects '  R T i n th e motio n tas k decrease d wit h age  (F(2 )  = 
30.297 ,  p  <  .001) ,  subject s wer e slowe r  o n distracto r  trial s 
tha n targe t  trial s (F(l )  =  121.893 ,  p  <  .001) ,  an d tb e 
discrepanc y i n R T betwee n distracto r  an d targe t  trial s 
decrease d wit h ag e (F(2 )  =  6.939 ,  p  <  .01) .  Significan t 
chang e i n th e rati o o f  distracto r  tria l  R T t o targe t  tria l  RT , 
depicte d i n Figur e 2 ,  occurre d betwee n th e age s o f  9-1 0 an d 
adul t  (F(l )  =  8.483 ,  p< .01) . 

age grou p 

6-7 

9-1 0 

adul t 

targe t 
trial s 

RT =  66 8 
sd=17 8 

RT =  51 6 
sd =  5 6 

RT =  34 4 
sd =  4 0 

distracto r 
trial s 
RT =  76 1 
sd=18 6 

RT =  61 6 
sd =  8 3 

RT =  38 0 
sd =  5 3 

Tabl e 2 :  Colo r  tas k data ,  hearin g subject s 

In summary, the major change with development is that 
hearin g subject s becom e mor e abl e t o ignor e a n irrelevan t 
stimulu s dimensio n a s the y searc h fo r  a  target ,  wit h th e 
larges t  chang e occurrin g betwee n th e age s o f  9-1 0 an d 
adulthood .  Dynami c chang e i n tb e visua l  field  affect s targe t 
searc h somewha t  mor e tha n stati c difference ,  acros s al l  ag e 
groups . 

motio o tas k 

color task 

S 1.1 5 H 

P 1125 " 

Tabl e 1 :  Motio n tas k data ,  hearin g subject s 

As shown in Table 2, hearing subjeas' RT in the color 
tas k decrease d wit h ag e (F(2 )  =  24.418 .  p  <  .001) ,  a U 
subject s wer e slowe r  o n distracto r  trial s tha n targe t  trial s 
(F(l )  =  65.124 .  p  <  .001) ,  an d th e discrepanc y betwee n 
targe t  R T an d distracto r  R T decrease d wit h ag e (F(2 )  = 
7.909 .  p  <  .001) .  Bot h chil d group s produce d simila r  ratios , 
whic h wer e large r  tha n adults '  (9-1 0 an d adult :  F(l )  = 
4.523 .  p  <  .05) .  a s depicte d i n Figur e 2 . 

We directl y compare d hearin g subjects '  performanc e i n th e 
motio n an d colo r  task s t o se e i f  ther e wa s a  qualitativ e 
differenc e i n th e wa y hearin g subject s searche d fo r  th e targe t 
i n th e fac e o f  dynami c informatio n versu s stati c information . 
Analysi s o f  R T dat a indicate d n o tas k effect s du e t o greate r 
overal l  variabilit y  i n th e colo r  tas k (F(l )  =  1.802 ,  p  >  .05) . 
Ratio s wer e marginall y large r  i n th e motio n tas k tha n i n th e 
colo r  tas k (F(l )  =  3.067 ,  p  =  .08) :  tas k irrelevan t  motio n i n 
th e visua l  field  i s somewha t  mor e difficul t  t o igncx e tha n 
color . 

' 6 o 

Figur e 2 .  Hearin g subjects ,  ratio s -  bot h task s 
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Deaf  subject s 

In the modon task, deaf subjects' RT decreased with age 
(F(2 )  =  9.573 ,  p  <  .001 )  an d al l  subject s wer e slowe r  o n 
distracto r  trial s tha n targe t  trial s  (F(l )  =  76.459 ,  p  <.001) , 
as show n i n Tabl e 3 .  However ,  th e discrepanc y betwee n 
targe t  an d distracto r  trial s i n th e motio n tas k decrease d onl y 
marginall y wit h ag e a s show n b y R T dat a (F(2 )  =  3.152 ,  p  = 
.056 )  an d ratio  dat a (9-1 0 an d adult :  F(l )  =  3.614 ,  p  =  .06 ; 
see Figur e 3) . 

age grou p 

6-7 

9-1 0 

adul t 

targe t 
trial s 

RT =  66 3 
sd=13 2 

RT =  57 3 
sd=16 3 

RT =  41 1 
sd =  6 6 

distracto r 
trial s 

RT =  77 8 
sd=19 8 

RT =  67 8 
sd=19 5 

RT =  46 3 
sd =  8 7 

Tabl e 3 :  Motio n tas k data ,  dea f  subject s 

As shown in Table 4, deaf subjects' RT in the color task 
decrease d wit h ag e (F(2 )  =  8.481 ,  p  <  .01) ,  subject s wer e 
slowe r  o n distracto r  trial s tha n targe t  trial s i n bot h task s 
(F(l )  =  75.010 ,  p  <  .001) ,  an d th e discrepanc y betwee n 
targe t  an d distracto r  trial s decrease d significantl y wit h ag e 
(F(2 )  =  6.691 ,  p  <  .01) .  Figur e 3  illustrate s tha t  6- 7 yea r 
old s produce d large r  ratio s tha n 9-1 0 yea r  old s i n th e colo r 
tas k (F(l )  =  7.374 .  p  =  .01) ,  wit h 9-1 0 yea r  old s an d adult s 
producin g simila r  ratios  (F(l )  =  2.573 ,  p  >  .05) . 

ag e grou p 

6-7 

9-1 0 

adul t 

targe t 
trial s 
RT =  76 6 
sd =  20 3 

RT =  67 5 
sd =  26 3 

RT =  42 8 
sd =  9 1 

distracto r 
trial s 
RT =  89 2 
sd =  23 3 

RT =  73 0 
sd =  29 5 

RT =  48 1 
sd=10 0 

Tabl e 4 :  Colo r  tas k data ,  dea f  subject s 

Direct comparison of deaf subjects' RTs in the color and 
motio n task s showe d tha t  subject s wer e faste r  i n th e motio n 
tas k (F(l )  =  10.253 ,  p  <  .01) ,  an d rati o data ,  show n i n 
Figur e 2 ,  indicate d tha t  dynami c informatio n wa s mor e 
difficul t  t o ignor e tha n colo r  infainatio n (F(l )  =  4.468 ,  p  < 
.05) ,  bu t  onl y fo r  9-1 0 yea r  olds . 

I n summary ,  dea f  subject s als o develo p th e abilit y  t o 
ignor e task-irrelevan t  informat ion ,  bu t  d o s o a t  a  faste r  rat e 
i n th e fac e o f  colo r  information .  B y adul thood ,  dea f  subject s 
ar e equall y affecte d b y stati c a n d d y n a m i c information . 

1. 2 - 1 

1.17 5 -

1.1 5 • 

1.12 5 • 

1.1 -

1.07 5 • 

1.0 5 

motio n tas k 

••O -  colo r  tas k 

o 
I 

age 

•3 

Figur e 3 .  D e a f  subjects ,  ratios -  bo t h task s 

Compar iso n o f  dea f  an d hearin g performanc e 

Direct comparison of deaf subjects to hearing subjects was 
don e withi n eac h o f  th e thre e ag e group s becaus e o f  th e hig h 
degre e o f  variabilit y  betwee n ag e groups .  Analyse s o f  R T 
result s include d factor s fo r  ag e ( 3 levels) ,  grou p ( 2 levels) , 
and tria l  typ e (targe t  vs .  distractor) ,  whil e ratios  wer e 
analyze d accordin g t o ag e an d group .  I n th e motio n task , 
deaf  an d hearin g 6- 7 yea r  old s performe d similarl y wit h 
regard  t o bot h R T (F(l )  =  .0079 ,  p  >  .10 )  an d ratio  measure s 
(F(l )  =  .185.p>.05) ,  a s di d 9-1 0 yea r  old s (RT :  F(l )  = 
1.167 ,  p  >  .10 ;  ratio :  F(l )  =  .033, p >  .10) .  Adul t  hearin g 
subject s wer e faste r  tha n adul t  dea f  subject s (F(l )  =  9.563 ,  p 
< .01) ,  bu t  ratio  score s wer e no t  differen t  (F(l )  =  .620 .  p  > 
.05) . 

I n th e colo r  task ,  6- 7 yea r  old s wer e agai n highl y simila r 
i n R T (F(l )  =  .575 .  p  >  .10 )  an d rati o score s (F(l )  =  .192 ,  p 
> .10) .  Nin e t o te n yea r  old s produce d simila r  RT s (F(l )  = 
2.085 ,  p  >  .10) ,  bu t  bearin g subject s produce d marginall y 
large r  ratio s tha n dea f  subject s (F(l )  =  3.519 ,  p  =  .07) .  Dea f 
adult s wer e slowe r  tha n hearin g adult s t o respond ,  bu t  onl y 
on distracto r  trial s  (F(l )  =  6.169 ,  p  <  .001) ,  an d produce d 
marginall y large r  ratio s tha n hearin g adult s  (F(l )  =  3.946 ,  p 
= .051) . 

Thus ,  th e tw o subjec t  group s diverge d i n performanc e o n 
our  tasks .  Si x t o seve n yea r  ol d childre n performe d 
similarl y i n bot h tasks ,  whil e dea f  adult s wer e slowe r  overal l 
and wer e mor e affecte d b y colo r  tha n hearin g adult s were . 
Performanc e o f  th e tw o group s wa s mos t  simila r  i n th e fac e 
of  apparen t  motion . 
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D i s c u s s i o n 

The data we have piesented support our hypothesis: early 
onse t  deafnes s produce s greate r  attentio n t o chang e i n th e 
visua l  field  ove r  developmenta l  time .  Dea f  an d hearin g 
childre n perfcvme d similarl y i n bot h tasks ,  bu t  b y adulthood , 
dea f  subject s wer e slowe r  overall ,  an d thei r  searc h tim e 
increase d whe n a  distract s wa s manipulate d whil e hearin g 
subjects '  searc h tim e di d no t 

Ili e tw o group s als o differe d i n thei r  attentio n t o dynami c 
and stati c information .  Hearin g subject s wer e mor e affecte d 
by dynami c informatio n tha n stati c informatio n a s the y 
searche d fo r  th e target .  Thi s m a y b e du e t o th e 
corre^)ondenc e betwee n motio n an d soun d i n thei r  norma l 
experience .  Dea f  subjects ,  however ,  wer e affecte d strongl y 
by bot h dynami c an d stati c information .  A n y chang e i n th e 
visua l  field  m a y becom e importan t  fo r  dea f  individual s i f 
thei r  norma l  experienc e doe s no t  includ e auditor y 
informatio n tha t  woul d differentiat e betwee n environmenta l 
events . 

Whil e thi s stud y reveale d n o difference s i n attentio n t o 
irrelevan t  stimul i  betwee n dea f  an d hearin g children , 
previou s research  ha s (Mitchel l  &  Quittner ,  1996 ;  Quittner , 
Smith ,  Osberge r  &  Katz ,  1994) .  Difference s i n th e 
experimenta l  task s ar e likel y t o hav e elicite d differen t 
performance .  First ,  stimulu s presentatio n i n thi s stud y wa s 
not  speede d a s i t  wa s i n th e previou s studies .  Subject s i n 
thi s stud y wer e instructe d t o respond  a s quickl y a s possible , 
but  stimul i  wer e presen t  unti l  th e response  wa s mad e an d 
natura l  saccades ,  blinks ,  an d ey e movement s wer e no t 
discourage d b y th e task .  Second ,  previou s researc h require d 
subject s t o atten d t o a  two-digi t  sequenc e i n a  continuou s 
strea m o f  individuall y presente d stimuli ,  whic h introduce s 
bot h short-ter m an d long-ter m m e m o r y constraints .  N o 
suc h constraint s wer e introduce d b y th e tas k i n thi s study .  I t 
i s possible ,  however ,  tha t  a  mor e sensitiv e measur e tha n R T 
may revea l  developmenta l  difference s earlie r  tha n thos e 
repotte d here . 

The result s o f  thi s stud y sugges t  tha t  individual s develo p a 
way o f  attendin g visuall y tha t  i s  base d o n tw o things :  th e 
equipmen t  the y hav e an d th e inpu t  the y receive .  Hearin g 
individual s receiv e multimodal ,  redundan t  informatio n fro m 
thei r  auditor y an d visua l  systems .  Thi s informatio n lead s t o 
decrease d attentio n t o chang e i n th e visua l  field  (o r  greate r 
selectivity) ,  an d les s responsivity  t o stati c informatio n i n 
compariso n t o dynami c information .  Dea f  individuals ,  o n 
th e othe r  hand ,  rely  primaril y o n visua l  informatio n alon e 
and therefor e becom e mor e responsiv e t o chang e i n th e 
visua l  field,  regardless  o f  whethe r  i t  i s  stati c o r  dynami c 
information . 

The finding  tha t  unimoda l  sensor y deprivatio n produce s 
greate r  attentio n t o chang e i n a n intac t  modalit y i s no t 
unique .  Studie s usin g event-relate d potential s revea l 
enhanced ,  automati c processin g o f  deviation s i n auditor y 
stimulatio n i n blin d adult s bu t  no t  sighte d adult s (Kujala ,  e t 
al ,  199S) .  Thi s i s stron g convergen t  evidenc e tha t  attentio n 
function s lik e a  gatin g mechanism ,  lettin g i n informatio n 
tha t  i s neede d an d selectin g ou t  tha t  whic h i s no t  a s define d 
on-lin e b y th e organism ,  it s sensor y capabilities ,  an d it s 
developmenta l  tasks .  I n thi s manner ,  th e degree  o f  attentio n 

t o chang e o r  deviatio n shift s wit h th e amoun t  o f  infonnatio n 
availabl e t o a n organism .  A n organis m tha t  mus t  rel y o n 
les s infonnatio n -  eithe r  i n rea l  o r  developmenta l  tim e -
m ay becom e mor e attentiv e t o change s o r  deviation s i n tha t 
informatio n tha n a n organis m tha t  ha s mor e availabl e input . 
The alternativ e hypothesis ,  tha t  a  deprive d syste m woul d 
become mor e selectiv e an d thereb y ignor e mor e information , 
has receive d n o empirica l  suppor t  thu s far .  Al l  o f  thes e 
results  highligh t  th e importanc e o f  a  developmenta l  analysi s 
of  attentio n an d h o w i t  emerge s ove r  lifetim e histor y t o fit 
th e configuratio n o f  abilitie s an d tas k demands . 

Recal l  tha t  ou r  large r  hypothesi s i s tha t  deafnes s affect s 
visua l  processin g i n tw o ways :  i t  make s vigilanc e t o a 
restricte d are a o f  di e visua l  field  quit e expensiv e t o th e 
system ,  an d i t  make s visio n specializ e i n detectin g an d 
attendin g t o change .  Evidenc e fo r  eac h branc h o f  thi s 
hypothesi s ha s bee n reported  i n separat e experiments .  Th e 
stronges t  tes t  o f  th e large r  hypothesi s n o w wil l  requir e 
givin g subject s a  dua l  attentio n tas k i n whic h the y mus t  b e 
vigilan t  t o th e cente r  o f  th e visua l  field,  bu t  als o detec t 
event s i n th e periphery .  W e woul d expec t  t o find,  relative  t o 
xtonaall y hearin g individuals ,  tha t  dea f  individual s sacrific e 
performanc e i n th e centra l  tas k i n orde r  t o maintai n detectio n 
of  event s i n th e periphery . 

The mechanism(s )  tha t  produce s greate r  responsivenes s t o 
periphera l  event s i n dea f  adults ,  a s documente d b y Nevill e 
and he r  colleagues ,  i s currentl y unknown .  First ,  dea f 
individual s migh t  literall y sca n thei r  visua l  field  mor e ofte n 
by movin g thei r  eye s o r  movin g thei r  heads .  However ,  w e 
kno w tha t  individual s ar e capabl e o f  attendin g t o nonfovea l 
informatio n withou t  mov in g thei r  eyes :  a  secon d 
possibilit y  i s  tha t  dea f  individual s m a y develo p thi s 
capabilit y  t o a  greate r  exten t  tha n normall y hearin g 
individual s do .  Finally ,  i t  i s  possibl e tha t  dea f  individual s 
develo p a  wide r  scop e o f  attentio n tha n normall y hearin g 
individuals .  Thes e mechanisms ,  whic h ar e no t  mutuall y 
exclusiv e an d ar e likel y t o chang e ove r  development ,  hav e 
yet  t o b e directl y investigate d an d hav e implication s fo r  th e 
developmen t  o f  attentio n t o fovea l  event s a s well .  A  secon d 
experimen t  i s currentl y underwa y i n whic h w e asses s dea f 
and hearin g subjects '  attentio n t o chang e usin g perpbera l 
stimuli . 

Ther e i s a  grea t  dea l  t o b e learne d abou t  th e developmen t 
of  attention ,  abou t  intersensor y interaction ,  an d th e 
mechanism s o f  developmen t  itsel f  b y studyin g individual s 
wit h unimoda l  sensor y deprivation .  Understandin g th e 
manner  i n whic h th e sensor y system s interac t  unde r  suc h 
perturbation s wil l  provid e important ,  testabl e hypothese s 
regarding  th e w a y thes e system s interac t  i n th e intac t 
organism . 
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