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MIDBRAIN MECHANISMS FO R ORIENTIN G VISUA L ATTENTIO N 

ROBERT D .  RAFAL 
Divisio n o f  Neurolog y 
Brow n Universit y an d 

Roger  William s Genera l  Hospita l 
Providence ,  R I 

ALBRECHT W. INHOFF 
Departmen t  o f  Psycholog y 

Universit y o f  Ne w Hampshir e 
Durham,  N H 

ABSTRACT 

The role of midbrain visual centers for orienting attention 
was studie d i n chronometri c experiment s measurin g th e effec t 
of  pre-cue s o n simpl e reactio n tim e t o detec t  a  periphera l 
luminanc e change .  Tw o type s o f  cue s wer e tested :  Exogenou s 
c u e s —a periphera l  luminanc e chang e v\̂ ic h di d no t  predic t 
targe t  location ;  an d Endogenou s cues— a centra l  arro w vrfiic h 
predicte d th e likel y targe t  location .  Patient s wit h 
peri-tecta l  midbrai n degeneratio n fro m progressiv e 
supranuclea r  pals y showe d deficit s i n orientin g t o bot h 
type s o f  cues .  I n norma l  huma n subject s teste d monocularly , 
we compare d orientin g int o th e tenpora l  hemifiel d (v*iic h ha s 
more direc t  acces s t o th e midbrai n superio r  colliculus )  wit h 
orientin g int o th e nasa l  hemifield .  Exogenou s cue s produce d 
equivalen t  speedin g o f  detectio n a t  cue d location s i n bot h 
hemifields ;  bu t  nasa l  cue s produce d mor e slowin g o f 
detectio n a t  uncue d locations .  Endogenou s nasa l  cue s 
produce d earlie r  speedin g o f  detectio n a t  cue d location s 
tha n tempora l  cues ;  an d a t  late r  intervals ,  the y produce d 
more slowin g o f  detectio n a t  uncue d locations .  Bot h 
cortica l  an d subcortica l  visua l  system s appea r  t o b e 
integrate d i n orientin g t o bot h exogenou s an d endogenou s 
information .  Wherea s th e subcortica l  pathwa y receive s inpu t 
mainl y fro m th e tempora l  hemifield ,  th e cortica l  syste m i s 
biase d i n orientin g t o th e nasa l  hemifield ;  an d it s 
committmen t  produce s moreslowin g o f  detectio n a t  unattende d 
locations . 

The selectivity of visual perception is guided by brain mechanisms vMch 
orien t  attentio n i n th e visua l  field .  On e manifestatio n o f  visua l  orientin g i s 
overt ,  consistin g o f  movement s o f  th e hea d and/o r  eye s t o achiev e foveatio n o f 
th e attende d spatia l  position .  Cover t  orientin g o f  attentio n ca n occu r 
independen t  o f  moto r  activity ,  an d serve s t o alig n interna l  attentio n system s 
wit h a  spatia l  location .  Neurophysiologi c studie s i n behavin g primate s hav e 
indexe d thi s cover t  orientin g i n term s o f  selectiv e enhancemen t  i n neuro n firin g 
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rate in response to a visual cue vdiich prepares the animal, while maintaining 
fixation ,  t o detec t  a  forthcomin g target ,  o r  t o prepar e a  saccad e towar d i t 
(Wurtz ,  Goldber g &  Robinson ,  1980) .  Similarly ,  cover t  orientin g ca n b e studie d 
i n human s b y measurin g facilitation s an d inhibition s i n simpl e reactio n tim e 
(RT)  performanc e resultin g fro n preliminar y visua l  cue s v^ic h eithe r  correctl y 
prepar e th e subjec t  t o detec t  th e targe t  a t  th e cue d location ,  o r  whic h summon 
attentio n elsev^er e i n th e visua l  fiel d (Posner,1980) . 

In one study using this approach, normal humans maintained fixation at the 
cente r  o f  a  vide o display ,  an d mad e simpl e R T keypres s response s o n detectin g a 
targe t  vdiic h appeared ,  wit h equa l  probability ,  i n eithe r  o f  tw o flankin g boxe s 
locate d equidistan t  t o lef t  o r  right .  O n eac h tria l  th e tage t  wa s precede d b y a 
precu e v*iic h wa s th e brie f  brightenin g o f  on e o f  th e flankin g boxes .  Thi s cu e 
predicted ,  wit h 80 % probability ,  tha t  th e targe t  woul d appea r  a t  th e 
contralatera l  location .  Th e result s wer e quicke r  detectio n RT s a t  th e locatio n 
of  th e cu e a t  earl y cue-targe t  intervals ;  v^erea s fo r  target s appearin g mor e 
tha n 20 0 msec ,  followin g cu e onset ,  RT s wer e quicke r  fo r  target s contralatera l 
t o th e cue ,  i.e .  v^er e th e subject s ha d expecte d th e target .  Thi s resul t 
suggest s tha t  attentio n ma y b e sunmone d autanaticall y b y exogenou s sensor y 
signals ,  o r  i t  ma y b e deploye d endogenousl y base d o n a  strategi c se t  (Posner , 
Cohen &  Rafal ,  1982 ) 

In the same communication we reported that covert orienting of visual 
attentio n wa s slowe d i n patient s wit h progressiv e supranuclea r  pals y (PSP) ,  an d 
attribute d thi s defici t  t o lesion s o f  th e phylogeneticall y olde r  visua l  syste m 
of  th e midbrai n superio r  colliculu s an d peri-tecta l  region .  PSP ,  an d th e mor e 
frequentl y occurrin g Parkinson' s disease ,  shar e th e clinica l  an d pathologica l 
feature s o f  degeneratio n o f  th e substanti a nigr a an d othe r  basa l  gangli a 
structures .  However ,  PS P i s distinguishe d fro m Parkinson' s diseas e 
pathologicall y b y a  conspiciou s degeneratio n o f  th e superio r  collicul i  an d 
peri-tecta l  regions ;  an d clinicall y b y a  distinctiv e impairmen t  i n makin g 
voluntar y ey e movement s v*iic h affect s vertica l  mor e tha n horizonta l  ey e 
movements .  Ou r  experimen t  demonstrate d tha t  attentio n movement s wer e als o 
slowe r  i n th e vertica l  plane .  Th e cu e use d i n tha t  experiment ,  however ,  wa s th e 
brightenin g o f  a  periphera l  bo x vrfiic h predicted ,  wit h 80 % probability ,  tha t  th e 
targe t  woul d appea r  a t  th e cue d location .  Sinc e th e exogenou s an d th e 
endogenou s contribution s o f  th e cu e wer e redundant ,  w e coul d no t  specif y v^ethe r 
midbrai n visua l  center s wer e involve d i n exogenou s orienting ,  endogenou s 
orienting ,  o r  both . 

The main goal of the present experiments was to determine the role of 
midbrai n visua l  center s i n exogenou s an d endogenou s orienting .  Th e firs t 
experimen t  examine d cover t  attentio n orientin g i n PS P patient s and ,  a s i n th e 
previou s stud y o f  Posne r  Cohe n &  Rafa l  (1982) ,  attentio n movement s i n th e 
vertica l  plan e wer e compare d wit h thos e i n th e horizonta l  plane .  However ,  tw o 
differen t  type s o f  precu e condition s wer e als o compared .  I n on e condition ,  th e 
exogenou s cu e condition ,  th e precu e consiste d o f  th e brightenin g o f  a  periphera l 
box v^ic h di d no t  predic t  (50 % probability )  th e positio n o f  th e target .  An y 
effec t  o f  th e cu e o n detectio n R T could ,  therefore ,  b e attribute d t o automatic , 
stimulu s drive n orienting .  I n anothe r  condition ,  th e endogenou s cu e conditon ,  a 

261 



RAFAL,  INHOF F 

central arrow was used v*iich predicted, with 80% probability, the positon at 
v ^ c h th e targe t  woul d appear .  Sinc e th e arro w appeare d a t  fixatio n an d cue d a 
periphera l  locu s onl y b y it s syntoli c meaning ,  thi s conditio n wa s assume d t o 
reflec t  endogenou s contro l  mechanisms . 

Experiments 2 and 3 examined the effects of these two types of cues on 
cover t  orientin g i n norma l  huma n subject s teste d unde r  monocula r  conditions . 
Thes e experiment s too k advantag e o f  th e differen t  neuroanatomica l  connections -
of  th e subcortica l  retino-tecta l  pathwa y an d th e cortica l  geniculo-striat e 
system .  Th e geniculo-striat e syste m i s binoccular ,  an d th e tempora l  an d nasa l 
hemiretina s o f  bot h eye s ar e equall y represente d i n th e occipita l  lob e cortex . 
I n contrast ,  th e extrageniculat e visua l  syste m i s essentiall y  monocular ;  thi s 
subcortica l  retino-tecta l  pathwa y i s dcsninantl y crossed ,  an d eac h superio r 
colliculu s receive s inpu t  mainl y fro m th e contralatera l  eye .  Moreover ,  i n eac h 
superio r  colliculus ,  th e visua l  fiel d o f  th e contralatera l  ey e i s asymmetricall y 
represente d suc h tha t  th e receptiv e field s o f  th e tempora l  hemifiel d dcaninate , 
v^erea s littl e inpu t  fro m th e nasa l  hemifiel d i s mappe d o n th e colliculus . 
Therefore ,  unde r  monopti c viewin g conditions ,  a  differenc e i n cover t  orientin g 
int o th e nasa l  an d tempora l  hemifield s shoul d provid e insigh t  int o th e 
contribution s o f  subcortica l  visua l  centers ,  v*iic h ar e relativel y blin d t o 
signal s occiorin g i n th e nasa l  honifield . 

EXPERIMEirr 1 

Subjects: 

Six patients with progressive supranuclear palsy volunteered to 
participat e i n th e study .  Eac h patien t  ha d a  moderat e t o sever e impairmen t  i n 
th e abilit y  t o mov e th e eye s vertically ,  bu t  littl e o r  n o difficult y movin g th e 
eye s i n th e horizona l  direction . 

^paratus and Procedure: 

In a quiet, darkened room subjects faced a black and v^ite TV monitor 
place d 3 7 c m i n fron t  o f  th e patien t  a t  ey e level .  Th e inde x finge r  o f  th e 
preferre d han d reste d o n a  singl e respons e ke y place d o n a  tabl e betwee n th e 
subjec t  an d th e T V monitor .  Th e T V monito r  an d respons e boar d wer e interface d 
wit h a  microcompute r  v^ic h controlle d th e stimulu s displa y an d th e recordin g o f 
RT. 

Subjects fixated a central plus sign vAiich was flanked by four unfilled, 
squar e boxes ,  on e degre e across ,  v*iic h wer e plotte d 1 0 degree s o f  visua l  angl e 
above ,  below ,  t o th e righ t  an d t o th e lef t  o f  fixation .  Subject s wer e 
instructe d t o maintai n fixatio n a t  th e centra l  plu s sign ,  an d t o respon d wit h a 
quic k manua l  keypres s resons e v^eneve r  a  targe t  appeare d i n an y o f  th e boxes . 
The targe t  wa s a  larg e brigh t  asteris k fillin g th e box ,  an d eac h o f  th e fou r 
boxe s wa s equall y likle y t o contai n th e targe t  o n eac h trial .  However ,  50 ,  150 , 
350 ,  o r  55 0 mse c prio r  t o th e onse t  o f  th e target ,  a  cu e wa s presente d t o 
prepar e th e patien t  fo r  targe t  detection .  I n on e precu e condition ,  th e 

262 



RAFAL,  INHOF F 

exogenous cue condition/ the precue consisted of the brightening of one of the 
periphera l  boxe s fo r  30 0 msecs .  Thi s cu e di d no t  predic t  th e locatio n o f  th e 
forthcomin g target ;  th e targe t  wa s equall y likel y t o occu r  a t  th e locatio n o f 
th e cue ,  o r  opposit e t o thi s position .  Cue s an d target s wer e alway s i n th e sam e 
plane /  i.e .  horizonta l  o r  vertical .  Trial s i n yiic h th e cu e correctl y indicate d 
th e targe t  positio n ar e referre d t o a s vali d trials ,  an d trial s i n v*iic h th e cu e 
incorrectl y predicte d th e targe t  positio n ar e referre d t o a s invali d trials . 
Two block s o f  16 0 trial s wer e run .  I n anothe r  precu e condition ,  th e endogenou s 
cu e condition ,  a  centra l  arrow ,  on e degre e o f  visua l  angl e i n length ,  wa s use d 
t o signa l  th e positio n o f  targe t  occurrence ;  e.g .  a  righ t  directe d arro w woul d 
indicat e tha t  th e targe t  woul d b e likel y t o occu r  t o th e righ t  o f  fixation . 
Eight y percen t  o f  trial s wer e vali d an d 20 % wer e invalid .  Fou r  block s o f  16 0 
trial s wer e ru n fo r  eac h subject .  Th e orde r  o f  block s wit h exogenou s an d 
endogenou s cue s wa s randomize d withi n patients . 

Results and Discussion: 

Trials in vAiich target detection responses were less than 150 msec or 
longe r  tha n 350 0 msec ,  wer e exclude d fro m analysis .  Media n RT s frc m th e 
remainin g trial s fo r  eac h subjec t  i n eac h conditio n wer e calculate d an d 
subjecte d t o a  repeate d measure s anlyaisi s o f  varianc e (ANOVA) .  Th e withi n 
subjects *  factor s wer e typ e o f  precu e (periphera l  brightenin g vs .  centra l 
arrow) ,  validit y (correc t  vs .  incorrec t  signalin g o f  th e targe t  position) , 
directio n (horizonta l  vs .  vertical) ,  an d interva l  (50 ,  150 ,  350 ,  an d 55 0 msec) . 

Two of the main effects, validity and interval, were significant; 
F(l,5)=14.21,p<.02 5 an d F(3,15)=26.29,p<.001 ;  respectively .  Detectio n RT s wer e 
shorte r  o n vali d trial s tha n invali d trials ,  an d decrease d a s th e cue-targe t 
interva l  increased .  Specifically ,  RT s wer e 95 2 msec ,  91 0 msec ,  88 2 msec ,  an d 
849 msec ,  fo r  th e 5 0 msec. ,  15 0 msec ,  35 0 msec ,  an d 35 0 msec ,  cue-targe t 
interva l  conditions ,  respectively .  Th e mai n resul t  wa s a  significan t 
interactio n betwee n validit y an d direction ;  F(l,5)=6.71 ,  p<.05 .  Vali d trial s 
wer e responde d t o faste r  v*ie n cu e an d targe t  appeare d i n th e horizonta l 
directio n tha n whe n the y appeare d i n th e vertica l  directio n (Tabl e 1 ) .  Ther e 
was,  hon^^ver ,  n o differenc e betwee n vertica l  an d horizonta l  targe t  detectio n RT s 
on invali d trials .  Thi s interactio n wa s no t  qualifie d b y th e typ e o f  precue , 
and wa s presen t  unde r  exogenou s an d endogenou s precu e conditons . 

These results reveal a direction specific impairment of covert attention 
orientin g i n ou r  PS P patients .  Cover t  orientin g t o th e cue d locatio n occurre d 
more effectivel y v*ie n th e targe t  occurre d i n th e horizonta l  plan e tha n whe n i t 
occurre d i n th e vertica l  plane ,  an d thi s wa s tru e fo r  bot h exogenou s an d 
endogenou s cue s Thes e finding s sugges t  tha t  th e subcortica l  visua l  syste m o f 
th e midbrai n contribute s t o cover t  shift s o f  attentio n activate d b y eithe r 
exogenou s o r  endogenou s information . 
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EXPERIMENT 2 

In Experiment 1, we found that intact collicular function is necessary for 
norma l  orientin g t o bot h exogenou s an d endogenou s cues .  I n a  secon d experiment , 
endogenou s orientin g wa s examine d unde r  monocula r  condition s i n norma l  subjects . 
A centra l  arro w cu e wa s use d t o indicat e th e periphera l  positio n a t  whic h a 
targe t  wa s likel y t o occur .  Sinc e thi s cu e require d endogenou s processing ,  an d 
sinc e th e centra l  positio n o f  th e cu e provide d informatio n equall y availabl e t o 
bot h superio r  colliculi ,  difference s i n orientin g betwee n tempora l  an d nasa l 
hemifield s shoul d reflec t  biase s o f  cortica l  system s fo r  orientin g attention . 

Subjects: 

Fourteen neurologically unimpaired adults were payed to participate. 

Apparatus and Procedure: 

The apparatus and procedure of Experiment 2 were the same as the endogenous 
(arrow )  cu e o f  Experimen t  1  excep t  tha t  onl y horizonta l  cue s an d target s wer e 

used .  Cu e duratio n wa s 20 0 msec ,  an d cue-targe t  stimulu s onse t  asynchronie s 
(SOA)  wer e interval s o f  50 ,  150 ,  30 0 an d 50 0 msec .  Subject s wer e teste d 
monopticall y b y patchin g o f  on e ey e befor e eac h experimenta l  block .  Th e orde r  o f 
lef t  versu s righ t  ey e patchin g wa s counter-balance d acros s successivel y teste d 
subject s v^ o participate d i n fou r  block s o f  16 0 trial s each . 
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Result s an d Discussion : 

After excluding RTs of less than 100 msec, and greater than 2500 msec, mean 
RTs fo r  eac h subjec t  i n eac h conditio n wer e analyze d i n a n ANOVA.  Withi n 
factor s were :  hemifiel d towar d v^ic h th e cu e summone d attentio n (tempora l  versu s 
nasal) ;  cu e (vali d o r  invalid) ;  an d interva l  (50 ,  150 ,  300 ,  50 0 m s e c ) .  Th e mea n 
RT fo r  al l  fourtee n subject s i n eac h conditio n ar e show n i n Fig .  1 .  A s i n 
Experimen t  1 ,  ther e wer e mai n effect s o f  interva l  an d o f  cu e validity .  R T 
decrease d a s th e cue-targe t  interva l  increase d (F(3,39) = 56.6 ,  p < .001. )  RT s 
wer e faste r  a t  th e validl y cue d location s a t  al l  interval s (F(l,13) = 23.8 ,  p < 
.001. )  Th e hemifiel d cue d (nasa l  versu s temporal )  interacte d wit h interva l  suc h 
tha t  response s t o target s vdiic h follov«^ d nasa l  cue s wer e quicke r  a t  th e tw o 
shor t  intervals ;  vrtierea s response s t o target s v îic h followe d tempora l  cue s wer e 
faste r  a t  th e lon g tw o interval s (F(3,39) = 3.3 ,  p < .05) .  Th e dat a frc m th e tw o 
shor t  interval s wer e cas t  int o a  separat e ANOVA.  Thi s confirme d tha t  R T t o 
target s tha t  followe d nasa l  cue s (v^ethe r  th e cue s wer e vali d o r  invalid )  wer e 
significantl y faste r  tha n thos e v^ic h followe d tempora l  cue s (F(l,13) = 7.45 ,  p < 
.05) .  Thi s advantag e fo r  target s viAiic h followe d nasa l  cue s wa s du e t o faste r 
RTs o n vali d trial s i n v*iic h a  cu e summonin g attentio n t o th e nasa l  hemifiel d 
was followe d b y a  nasa l  targe t  (F(l,13) = 5.03 ,  p < .05) .  Reactio n time s t o 
target s appearin g i n th e tenpora l  hemifiel d followin g nasa l  hemifiel d cue s wer e 
als o faste r  tha n thos e t o uncue d target s appearin g i n th e nasa l  hemifield ,  bu t 
thi s differenc e wa s no t  significan t  (F(l,13) = 1.29 ,  p = n .s . ) .  Th e dat a fro m th e 
tw o lon g interval s (30 0 mse c an d 50 0 msec )  wer e als o cas t  int o a  separat e ANOVA 
v*iic h confirme d that ,  a t  thes e intervals ,  RT s followin g nasa l  cue s wer e slowe r 
tha n thos e v*iic h followe d tempora l  cue s (F(l,13) = 5.25 ,  p < .05) .  Fig .  3  show s 
tha t  th e faste r  RT s fo r  target s followin g tempora l  cue s wer e primaril y a  resul t 
of  th e invali d cu e condition :  nasa l  cue s followe d b y target s i n th e tempora l 
hemifiel d resulte d i n slowe r  RT s tha n target s whic h appeare d i n th e nasa l 
hemifiel d followin g tempora l  cues . 

The results of this experiment seem to indicate that endogenous control 
mechanism s fo r  orientin g attentio n ar e biase d fo r  orientin g towar d th e nasa l 
hemifield .  Thi s bia s i s reflecte d b y th e quicke r  response s t o nasa l  target s 
followin g nasa l  cue s a t  earl y cue-target s intervals ;  an d b y slowe r  disengagemen t 
fro m th e nasa l  hemifiel d t o respon d t o terrpora l  target s followin g invali d cue s 
at  th e late r  intervals .  Sinc e th e subcortica l  visua l  syste m o f  th e midbrai n ca n 
maintai n surveilanc e o f  th e visiaa l  periphery ,  bu t  ha s littl e inpu t  fro m th e 
nasa l  hemifield s o f  eithe r  eye ,  suc h a  bia s b y th e cortica l  syste m towar d th e 
nasa l  hemifiel d seem s t o b e t o b e a  reasonabl e arrangemen t  fo r  efficien t 
functionin g o f  th e visua l  syste m a s a  v\*iole . 

In Experiment 3, we examined orienting to exogenous signals in the temporal 
and nasa l  hemifield s i n norma l  subject s unde r  monocula r  conditions .  Sinc e th e 
nasa l  hemifiel d i s relativel y blin d t o th e superio r  colliculus ,  w e wante d t o 
determin e vAiethe r  th e cortica l  attentio n syste m wa s conpeten t  i n respondin g t o 
exogenou s signal s presente d i n th e nasa l  hemifield . 
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FIG .  1 :  ENDOGEM)US ORIENTIN G I N EXPERIMENT 2 . 
Mean R T a s a  functio n o f  inteirva l  fo r  targe t 
detectio n followin g arro w cue s pointin g towar d 
tempora l  (soli d circles )  an d nasa l  (ope n squares ) 
hemifields .  Soli d line s indicat e target s appear -
in g a t  th e cue d locatio n (vali d trials) ;  dashe d 
line s indicat e target s appearin g contralatera l  t o 
th e cue d locatio n (invali d trials) . 

Subjects : 

EXPERIMENT 3 

Twenty-fiv e neurologicall y unimpaire d subject s wer e pai d t o participate , 
and wer e teste d unde r  monocula r  condition s a s i n Experimen t  2 . 

Apparatus and Procedure: 
The apparatu s an d procedur e o f  Experimen t  3  wer e th e sam e a s i n Experimen t 

2 ,  excep t  tha t  th e cu e wa s brightenin g o f  on e periphera l  bo x v\Aiic h di d no t 
predic t  (50 % probability )  targe t  location . 
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Result s an d Discussion : 

RTs shojTter than 100 msec, and longer than 2500 msec were excluded from 
analysis .  Thi s le d t o a n exclusio n o f  approximatel y 2 % o f  th e data .  Th e 
result s fro m th e remainin g trial s ar e show n i n Fig .  2 .  Rsponse s wer e faste r  o n 
vali d trial s tha n o n invali d trial s (  F(l,24) = 6.05 ,  p  <.025) ;  an d RT s decrease d 
as th e cue-targe t  interva l  increase d (F(3,72) = 19.9 ,  p  <.001) .  Th e tw o 
variables ,  validit y an d interval ,  interacte d (F(3,72) = 3.90 ,  p < .025) ,  suc h tha t 
vali d cue s produce d faste r  response s tha n invali d cue s a t  th e shor t  intervals . 
Thi s cu e effec t  wa s reduce d a t  th e tw o longe r  intervals .  Furthermore ,  validit y 
interacte d wit h hemifiel d (F(l,24) = 4.37 ,  p < .05) :  Invali d trial s resulte d i n 
slowe r  response s v\die n th e cu e appeare d i n th e nasa l  hemifiel d an d th e targe t 
appeare d i n th e tempora l  hemifield ,  tha n vî ie n th e opposit e sequenc e occurred . 
Inspectio n o f  Fig .  2  reveal s tha t  thi s interactio n wa s presen t  onl y a t  th e tw o 
shor t  cue-targe t  interval s (5 0 mse c an d 15 0 msec) .  Th e interactio n o f  validit y 
and hemifiel d thu s ccxnplement s th e findin g o f  Experimen t  2  v^ic h showe d a 
defici t  i n th e reorientin g o f  attentio n i n a  tenpora l  direction .  I n Experimen t 
2,  thi s interactio n wa s presen t  a t  th e longe r  cue-targe t  intervals ,  presumabl y 
becaus e th e us e o f  a n endogenou s cu e require d mor e tim e t o full y  commi t 
attention ,  an d encourage d subject s t o maintai n attentio n a t  th e cue d position . 
I n Experimen t  3 ,  th e interactio n wa s presen t  a t  th e shorte r  cue-targe t 
intervals ,  presumabl y becaus e th e stimulu s drive n orientin g o f  attentio n 
occurre d relativel y quickl y an d laste d briefly . 

The major finding of this experiment is that exogenous signals vAiich have 
no direc t  acces s t o th e superio r  colliculu s d o suitmo n attention .  Thi s findin g 
implie s tha t  cortica l  system s ar e involve d i n exogenou s orienting .  Thei r 
commitinent ,  however ,  result s i n greate r  slowin g t o reorien t  t o unattende d 
locations . 

GENERAL DISCUSSION 

Attention may be oriented to facilitate the processing of information 
eithe r  internall y i n memory ,  o r  o f  event s occurrin g a t  th e sensor y surface .  When 
orientin g t o facilitat e th e processin g o f  visua l  information ,  attentio n ma y b e 
summoned eithe r  b y a n exogenou s sensor y signal ,  a s v*ie n w e tur n towar d a  sudde n 
movement  see n ou t  o f  th e c o m e r  o f  th e eye ;  o r  ma y b e allocate d endogenously , 
unde r  interna l  control ,  i n orde r  t o prepar e t o detec t  a n expecte d stimulus ,  a s 
v*ie n w e decid e t o loo k bot h way s befor e crossin g th e street .  I n th e studie s 
reporte d here ,  w e hav e atternpte d t o relat e bot h exogenou s an d endogenou s 
mechanism s fo r  orientin g attentio n t o neura l  systems ;  an d specificall y t o 
determin e v^a t  rol e th e retino-tecta l  pathwa y o f  th e phylogeneticall y olde r 
extrageniculate ,  midbrai n visua l  systa n play s i n visua l  orienting . 

The results of the first experiment in patients with progressive 
supranuclea r  pals y wer e clea r  cut .  Midbrai n degeneration ,  includin g th e 
superio r  colliculu s an d peri-tecta l  region ,  produce d a  defici t  i n orientin g t o 
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FIG .  2 :  EXOGENOUS ORIENTIN G I N EXPERIMENT 3 . 
Mean R T a s a  functio n o f  interva l  fo r  target s 
followin g a  bo x brightenin g cu e i n th e tempor -
al  (soli d circles )  an d nasa l  (ope n squares ) 
hemifields .  Soli d line s indicat e target s ap -
pearin g a t  th e cue d locatio n (vali d trials) ; 
dashe d line s indicat e target s appearin g con -
tralatera l  t o th e cu e (invali d trials) . 

bot h exogenou s an d endogenou s cues .  Cover t  orientin g o f  attentio n wa s foun d t o 
be inpaire d i n th e directio n i n whic h ey e movement s wer e mor e limite d i n thes e 
patients .  Moreover ,  th e defici t  i n cover t  orientin g wa s clearl y relate d t o th e 
fac t  tha t  cue s sunmonin g attentio n i n th e clinicall y affecte d directio n produce d 
les s advantag e fo r  target s appearin g a t  th e cue d locations ;  wherea s ther e wa s n o 
differenc e i n reactio n tim e t o detec t  target s a t  th e uncue d locations .  Thi s 
resul t  i s  consisten t  wit h th e concep t  tha t  th e superio r  colliculu s i s involve d 
i n th e operatio n o f  movin g cover t  attention .  I t  contrast s striJcingl y wit h 
observation s i n patient s wit h cortica l  lesion s o f  th e parieta l  lob e i n v*io m th e 
opposit e patter n wa s found :  vi z RT s t o detec t  target s a t  cue d location s wer e no t 
greatl y differen t  i n th e visua l  field s ipsilatera l  an d contralatera l  t o th e 
lesion ;  rathe r  th e difference s foun d wer e a t  th e uncue d locations ,  implicatin g a 
disorde r  i n disengagin g attentio n t o reorien t  towar d th e fiel d contralatera l 
t o th e lesio n (Posner ,  e t  a l ,  1984) . 
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I n th e PS P patient s teste d i n Experimen t  1 ,  w e foun d tha t  collicula r 
lesion s affec t  bot h exogenou s an d endogenou s orienting .  I n th e hemifiel d 
experiment s i n norma l  subjects ,  w e sough t  t o determin e ho w th e retino-tecta l 
syste m migh t  contribut e t o exogenou s an d endogenou s orienting ,  an d wha t  kind s o f 
orientin g behavio r  coul d occu r  independen t  o f  thi s system .  We hav e recentl y 
foun d thi s hemifiel d metho d t o b e a  usefu l  approac h v M c h ca n provid e convergin g 
evidenc e wit h patien t  studies .  Posne r  an d Cohe n (1984 )  showe d tha t  a n exogenou s 
sensor y signa l  v^ic h firs t  summons attention ,  result s i n a  subsequen t  inhibitio n 
of  retur n vAiic h slow s detectio n o f  target s a t  th e recentl y cue d location .  Vi e 
hav e show n tha t  thi s inhibitio n o f  retur n i s deficien t  i n patient s wit h 
progressiv e supranuclea r  pals y (Posner ,  e t  a l  ,  1985) .  Recentl y w e hav e als o 
foun d tha t  thi s inhibitio n o f  retur n effec t  i s  greate r  i n th e tempora l  tha n i n 
th e nasa l  hemifiel d o f  noirma l  huma n subject s unde r  monocula r  condition s (Rafa l 
and Calabresi ,  unpublished) .  Thi s sam e resul t  is ,  i n fact ,  reflecte d i n ou r 
curren t  result s i n Experimen t  3 ,  a s ma y b e see n fro m a  clos e inspectio n o f  Fig . 
2.  A t  th e 50 0 mse c interva l  RT s a t  th e validl y cue d locatio n ar e slowe r  tha n a t 
th e uncue d locatio n i n th e tenpora l  hemifield ,  vAierea s thi s i s no t  tru e fo r  cue s 
summonin g attentio n int o th e nasa l  hemifield .  We hav e reaso n t o feel , 
therefore ,  tha t  thi s hemifiel d metho d ca n b e usefu l  i n examinin g th e rol e o f  th e 
retino-tecta l  pathway ,  an d ca n converg e wit h studie s o f  patient s wit h lesion s o f 
th e superio r  colliculus . 

We began these investigations with the hypothesis that exogenous orienting 
i s specificall y linke d t o th e colliculus ,  vdierea s endogenou s orientin g i s a 
cortica l  function .  Ou r  result s canno t  b e interprete d t o suppor t  suc h a  simpl e 
divisio n o f  labor .  Collicula r  lesion s affecte d bot h exogenou s an d endogenou s 
orienting .  I n normals ,  hemifiel d difference s wer e foun d fo r  orientin g t o bot h 
exogenou s an d endogenou s information .  Th e patter n tha t  emerge s fro m thes e 
result s i s tha t  cortica l  an d subcortica l  mechanism s interac t  wit h on e anothe r  i n 
orientin g i n respons e t o bot h exogenou s an d endogenou s information . 

Because of its neuroanotomic connections, the collicular system is 
competen t  t o orien t  onl y t o signal s i n th e tempora l  hwmifield .  I n animal s th e 
nasa l  hemifiel d ha s littl e representatio n i n th e colliculu s (Hube l  e t  a l ,  1975 ; 
Pollac k &  Hickey ,  1979 )  .  Nevitoo m huma n infants ,  i n vdio m th e retino -  tecta l 
pathwa y i s wel l  established ,  bu t  v*i o lac k a  full y  develope d geniculo-striat e 
pathway ,  seeme d t o orien t  wit h saccadi c ey e movement s onl y t o stimul i  i n thei r 
tempora l  hemifiel d (Lewi s e t  al ,  1979) .  I n considerin g a  syste m i n v îic h 
cortica l  an d subcortica l  center s interact ,  i t  woul d see m t o b e appropriatel y 
adaptiv e tha t  cortica l  system s migh t  ccannpensat e fo r  th e lac k o f  nasa l  hemifiel d 
competenc e o f  th e collicula r  syste m b y bein g biase d towar d th e nasa l  hemifield . 
The result s o f  Experimen t  2 ,  usin g a  centra l  arro w (endogenous )  cue ,  ar e 
consisten t  wit h suc h a n arrangement .  Orientin g towar d th e nasa l  hemifiel d 
occurre d mor e quickl y an d require d mor e committmen t  o f  limite d capacit y 
attentio n resources . 

In Experiment 3, we sought to determine vAiether the cortical system, 
operatin g o n informatio n fro m geniculo-striat e input ,  playe d a  rol e i n 
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orienting to exogenous sensory signals v*iich had no predictive value. Since 
nasa l  hemifiel d cue s summone d attentio n (a s indexe d b y speedin g o f  R T t o target s 
followin g vali d cues )  a s efficientl y a s tempora l  hemifiel d cues ,  w e conclude d 
tha t  cortica l  system s ar e involve d i n exogenou s orienting .  Th e cOTinittitien t  o f 
th e cortica l  syste m t o exogenou s orientin g wa s found ,  again ,  t o requir e 
relativel y greate r  limite d capacit y attentio n resource s resultin g i n greate r 
slowin g t o reorien t  t o unattende d locations . 

In summary, the results of these experiments in neurological patients and 
norma l  huma n subject s suppor t  a  mode l  i n v^ic h cortica l  an d subcortica l  visua l 
center s interac t  i n orientin g t o bot h exogenou s an d endogenou s information . 
Sinc e subcortica l  center s hav e mor e direc t  acces s t o inpu t  fro m th e tempora l 
hemifield ,  cortica l  center s ar e biase d t o orien t  towar d th e nasa l  hemifield . 
Furthermore ,  cannittmen t  o f  th e cortica l  syste m appear s t o requir e limite d 
capacit y attentio n resource s t o a  greate r  degre e tha n doe s th e subcortica l 
midbrai n system ,  an d it s commitmen t  result s i n slowe r  reorientin g t o detec t 
target s elsewhere . 

This model must be considered to be tentative. In our hemifield 
experiments ,  n o neutra l  cu e wa s used ,  s o tha t  w e di d no t  measur e cost s an d 
benefit s directly .  We di d conduc t  a  contro l  experimen t  i n si x norma l  subject s 
teste d monocularl y i n v ^ c h n o cu e wa s given .  N o differenc e wa s foun d i n R T t o 
detec t  target s i n th e nasa l  an d tempora l  hemifields .  Nevertheless ,  i n ou r  cu e 
experiments ,  w e coul d no t  b e sur e v îethe r  th e effect s o f  cuein g o n detectio n i n 
th e tw o hemifield s v^r e du e t o th e directio n towar d whic h attentio n wa s summoned 
by th e cue ,  o r  wer e relate d t o th e hemifiel d towar d v*iic h attentio n ha d t o b e 
reoriente d afte r  th e appearanc e o f  th e target .  I t  wil l  b e necessar y t o measur e 
th e effect s o f  nasa l  an d tempora l  orientin g o n th e reorientin g t o detec t  centra l 
target s t o resolv e thi s question .  Finally ,  ou r  us e o f  th e ter m "cortical "  an d 
"subcortical "  ar e somewha t  arbitrary .  Th e colliculu s an d striat e corte x ar e 
connecte d wit h on e anothe r  bot h directly ,  an d throug h relay s throug h pulvina r 
nucleu s o f  th e thalamus .  Whil e ou r  result s sugges t  a n interactio n betwee n 
cortica l  an d subcortica l  centers ,  specificatio n o f  th e neura l  basi s fo r  thi s 
intereactio n wil l  requir e furthe r  investigation .  Th e approac h o f  seekin g 
convergin g evidenc e fro m chronometri c studie s o f  neurologica l  patient s an d 
norma l  subject s offer s a  prcwiisin g avenu e o f  investigatio n i n attackin g thi s 
kin d o f  fundamenta l  issu e i n cognitiv e neuroscience . 
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