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ABSTRACT 

Previous research has shown that stimulus values on a sensory 
continuu m ar e perceive d i n a  categorica l  manne r  b y huma n subject s an d 
by rhesu s monkey s (Wilson ,  1972 ;  Streitfel d &  Wilson ,  i n press) .  Tha t 
is ,  stimul i  whic h ar e judge d t o belon g t o differen t  perceptua l 
categorie s ar e discriminate d mor e accuratel y tha n ar e stimul i  whic h 
ar e perceive d a s belongin g t o th e sam e perceptua l  category .  I n thes e 
experiments ,  th e categor y boundar y wa s define d a s th e adaptatio n leve l 
(AL )  establishe d b y th e stimulu s serie s presente d t o th e subject . 

Wilso n an d DeBauch e (1981 )  showe d tha t  resectio n o f  visua l 
"associatio n cortex "  i n monke y abolishe d categorica l  perceptio n o f 
visua l  feature s an d the y hypothesize d tha t  modality-specifi c  neura l 
substrate s tha t  preserv e th e effect s o f  stimulatio n provid e a n 
interna l  referen t  whic h determine s th e manne r  i n whic h give n stimulu s 
value s ar e identifie d an d discriminated .  I n th e stud y describe d here , 
th e effect s o f  foca l  brai n damag e o n categorica l  perceptio n o f  thre e 
stimulu s continu a wa s examine d i n neurologica l  patients .  Processin g 
of  visua l  feature s a s member s o f  perceptua l  categorie s wa s doubl y 
dissociate d fro m processin g o f  hapti c stimuli ;  posterio r  lesion s i n 
th e righ t  hemispher e selectivel y impaire d categorizatio n o f  visua l 
stimul i  differin g i n lengt h an d orientatio n whil e anterio r  lesion s i n 
th e lef t  hemispher e selectivel y impaire d categorica l  perceptio n o f 
weight .  Implication s fo r  th e neura l  dynamic s o f  categorizatio n ar e 
discusse d i n th e contex t  o f  A L theor y an d principle s o f  neura l 
organization . 

BACKGROUND 

Adaptation-level theory (Helson, 1948, 1964) postulates that 
perceptua l  judgment s i n a  give n sensor y domai n ar e base d o n a n 
interna l  standard ,  th e adaptatio n leve l  (AL) ,  th e valu e o f  whic h i s 
determine d b y a  weighted ,  logarithmi c mea n o f  focal ,  backgroun d an d 
residua l  stimulation .  Th e A L represent s a  neutra l  poin t  o f 
functioning ,  i.e. ,  th e leve l  o f  stimulatio n t o whic h th e organis m i s 
adapte d o r  habituated .  I t  follow s tha t  stimul i  whos e value s coincid e 
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wit h th e physica l  valu e representin g th e A L wil l  elici t  a  nul l 
respons e whil e stimulu s value s tha t  diffe r  fro m th e A L wil l  elici t 
perceptua l  response s whic h depen d upo n th e directio n an d magnitud e o f 
thei r  discrepanc y fro m th e AL .  I n thi s sense ,  th e A L ca n b e equate d 
wit h a  categor y boundary ,  structurin g a  stimulu s continuu m int o tw o 
complementar y perceptua l  classes .  Fo r  a  serie s o f  stimul i  differin g 
i n length ,  fo r  example ,  stimul i  whos e physica l  value s li e abov e th e A L 
woul d b e perceive d a s "long "  whil e stimul i  whos e value s li e belo w th e 
AL woul d b e perceive d a s "short" .  I n studie s wit h rhesu s monkeys , 
Wilso n (1972 )  showe d tha t  th e discriminabilit y  o f  stimuli ,  a s wel l  a s 
th e wa y i n whic h stimul i  ar e identifie d (i.e. ,  assigne d t o perceptua l 
classes) ,  i s  a  functio n o f  thei r  relationshi p t o th e AL .  Tw o stimul i 
tha t  la y o n differen t  side s o f  th e A L ( a "long "  vs .  a  "short " 

stimulus )  wer e discriminate d mor e accuratel y tha n tw o stimul i  tha t  la y 
on on e o r  th e othe r  sid e o f  th e A L (tw o "long "  o r  tw o "short "  stimuli ) 

eve n thoug h th e physica l  differenc e betwee n th e stimul i  i n th e pair s 
was th e same . 

Subsequently, Wilson & DeBauche (1981) showed that lesions of 

visua l  associatio n cortex ,  bu t  no t  primar y visua l  cortex ,  i n monkey s 
interfere d wit h categorica l  perceptio n o f  thre e visua l  continua .  I t 
was hypothesize d tha t  portion s o f  th e extrastriat e visua l  system , 
includin g inferoterapora l  corte x an d th e pulvina r  nucleu s o f  th e 
thalamus ,  serv e t o maintai n reverberator y circuit s whic h sustai n th e 
effect s o f  visua l  experienc e ove r  time .  Suc h a  syste m woul d yiel d a n 

experience-sensitiv e "set-point "  o r  fram e o f  referenc e agains t  whic h 
visua l  inpu t  i s compared . 

The experiments reported here were designed to further test the 
hypothesi s tha t  categorica l  perceptio n i n humans ,  a s i n monkeys ,  i s 
vulnerabl e t o forebrai n damag e whic h involve s cortica l  area s tha t  li e 
outsid e primar y sensor y corte x (Wilson ,  i n press) .  T o thi s end ,  w e 
examine d visua l  an d tactual-kinaestheti c discriminativ e abilitie s i n 
patient s wit h verifie d damag e t o restricte d brai n areas .  Whil e ou r 
dat a d o no t  allo w u s a t  thi s tim e t o contras t  th e effect s o f  damag e t o 
primar y sensor y corte x vs .  intrinsi c o r  "association "  cortex ,  w e ca n 
addres s th e issu e o f  whethe r  modality-specifi c  impairment s i n 
categorizatio n follo w fro m damag e t o specifi c  extrasensor y brai n 
areas . 

METHOD 

Subjects. 

Neurosurgical patients who had sustained focal forebrain damage 

due t o vascula r  accident ,  trauma ,  o r  remova l  o f  localize d tumor , 
serve d a s subject s o n a  voluntar y basis .  No t  al l  patient s 
participate d i n al l  tests .  Subject s wer e recruite d a t  on e o f  tw o 
centers ,  eithe r  Hartford ,  C T o r  Winnipeg ,  Manitob a an d wer e identifie d 
by medica l  staf f  a s havin g sustaine d damag e appropriat e t o th e 
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investigation .  Locatio n an d exten t  o f  brai n damag e wa s confirme d b y 

referenc e t o radiologica l  dat a and/o r  surgica l  reports . 

Procedure. 

Four sensory continua were investigated for evidence of presence 

or  absenc e o f  categorica l  perceptio n a s a  functio n o f  locu s o f  brai n 
damage.  Stimul i  o n tw o visua l  continua ,  lin e lengt h an d orientatio n 

(angula r  disparit y fro m th e horizontal) ,  an d tw o tactual-kinaestheti c 
continua ,  lin e lengt h an d weight ,  wer e presented .  Dat a fo r  tactua l 
judgment s o f  lin e lengt h ar e no t  presente d her e a s onl y a  smal l  numbe r 
of  patient s hav e bee n teste d o n thi s tas k t o date .  Fo r  judgment s o f 
visua l  length ,  blac k bar s 2  mm thic k whic h range d i n lengt h fro m 33-3 8 
ram i n 1  mm increment s wer e mounte d o n 1 0 cm ^  whit e cardboard .  Fo r 
th e orientatio n task ,  bar s o f  equa l  lengt h wer e varie d i n orientatio n 
fro m 38-4 8 de g i n 2  de g increments .  Th e stimul i  fo r  judgment s o f 
weigh t  wer e smal l  vial s o f  identica l  siz e an d appearanc e whic h wer e 
fille d wit h lea d sho t  an d cotto n packing ,  an d whic h range d fro m 10 0 t o 

150 g r  i n 1 0 g r  increments . 

For all tasks, the six stimuli on the continuum were presented in 

pair s representin g al l  possibl e combinations .  Th e subject s wer e 
instructe d t o indicat e b y pointin g t o on e o f  th e stimul i  i n a  give n 
pai r  whic h wa s judge d t o b e longer ,  mor e horizontal ,  o r  heavier . 
Visua l  stimul i  wer e expose d fo r  2  sec .  Fo r  weigh t  judgments ,  subject s 
lifte d eac h stimulu s onc e prio r  t o makin g a  response .  Th e left-righ t 
positio n o f  eac h stimulu s an d th e positio n o f  th e correc t  respons e 
wer e balance d ove r  trials .  N o informatio n wa s provide d abou t  th e 
correctnes s o f  response .  Th e 1 5 possibl e combination s o f  th e si x 
stimul i  o n eac h continuu m wer e eac h presente d fiv e times ,  makin g a 
tota l  o f  7 5 trial s fo r  eac h stimulu s condition . 

Data Analysis. 

The category boundary was calculated for each subject 
individually .  Fo r  th e visua l  lengt h continuum ,  fo r  excimple ,  th e 
percentag e o f  choice s o f  eac h stimulu s a s "longer "  wa s computed ,  an d 
th e stimulu s valu e tha t  wa s chose n 50 1 o f  th e tim e wa s identifie d a s 
th e A L (th e categor y boundar y betwee n stimulu s value s tha t  wer e 
perceive d a s "long "  an d thos e tha t  wer e perceive d a s "short") .  Thi s 
valu e fel l  betwee n th e tw o middl e stimulu s value s i n th e se t  fo r  mos t 
subjects ,  consisten t  wit h A L theor y whic h predict s tha t  th e poole d 
effec t  o f  th e physica l  value s i n th e serie s presente d determine s th e 
neutra l  poin t  i n th e absenc e o f  backgroun d o r  residua l  factors .  Afte r 
th e locatio n o f  th e boundar y wa s established ,  percentag e correc t 
respons e wa s calculate d fo r  pair s o f  stimul i  i n whic h bot h stimul i  la y 
on on e sid e o f  th e boundar y (Within-categor y discriminations )  ,  an d fo r 
pair s i n whic h th e stimul i  straddle d th e categor y boundar y (Between -
categor y discriminations) .  Thi s wa s don e fo r  one-ste p an d two-ste p 
difference s betwee n th e stimulu s value s o n eac h sensor y continuum . 
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RESULTS AN D DISCUSSIO N 

Mean percentage correct discrimination for Between-category pairs 
vs .  Within-categor y pair s i s show n i n Tabl e 1  fo r  th e tw o visua l 

discriminatio n task s an d fo r  weigh t  discrimination .  I t  ca n b e see n 
tha t  fo r  visua l  lengt h discrimination ,  neithe r  lef t  no r  right -

hemispher e fronta l  damag e affecte d categorica l  perceptio n whil e 
performanc e wa s severel y compromise d b y damag e t o righ t  tempora l 
cortex .  Similarly ,  damag e t o righ t  tempora l  an d righ t  parietal -
tempora l  corte x selectivel y affecte d categorica l  perceptio n o f  visua l 
orientation ,  i n contras t  t o lesion s i n othe r  area s whic h di d no t 
interfer e wit h categorization .  O n th e weigh t  discriminatio n task , 
bot h lef t  fronta l  an d lef t  parietal-tempora l  damag e appeare d t o 
abolis h categorica l  perceptio n bu t  th e result s fo r  judgment s base d o n 
us e o f  th e han d ipsilatera l  t o th e lesio n sugges t  tha t  lef t  fronta l 
corte x i s th e critica l  are a fo r  categorizatio n o f  thi s dimension . 
That  is ,  th e dat a fro m th e ipsilatera l  han d ar e mor e compellin g i n 

term s o f  localizin g th e neura l  substrat e fo r  categorizatio n o f  a 
weigh t  continuu m sinc e suc h judgment s ar e les s likel y t o b e degrade d 
by direc t  effect s o n th e sensor y projectio n system .  I t  shoul d b e 
note d tha t  Within-categor y discriminatio n accurac y i s no t  impaire d i n 
thos e group s whic h fai l  t o sho w th e category-boundar y effect . 

These data provide evidence on several points. First, Between-
categor y judgment s ar e mor e accurat e tha n Within-categor y judgment s 
fo r  mos t  patient s o n mos t  o f  th e tasks ,  indicatin g significan t 
categorica l  perceptio n o f  nonverba l  stimul i  i n spit e o f  forebrai n 
damage.  Th e effect s ar e simila r  i n degre e t o thos e exhibite d b y 
neurologically-intac t  subject s teste d b y Streitfel d &  Wilso n (i n 
press) .  Thus ,  categorica l  perceptio n appear s t o b e a  relativel y 
robus t  phenomeno n fro m a  neuropsycholgica l  perspectiv e i n th e sens e 
tha t  i t  i s  no t  vulnerabl e t o al l  brai n injury .  O n th e othe r  hand , 
deficit s i n categorizatio n i n specifi c  sensor y domain s resulte d fro m 
damage t o localize d area s o f  associatio n cortex .  Perceptio n wa s no t 

categorica l  fo r  eithe r  visua l  lengt h no r  visua l  orientatio n followin g 
damage t o th e righ t  tempora l  cortex ,  i n contras t  t o categorica l 
perceptio n o f  weigh t  whic h wa s affecte d b y damag e t o th e lef t  fronta l 
area s o f  th e brain .  Patient s wit h damag e t o parietal-tempora l  corte x 
i n th e righ t  hemispher e wer e impaire d i n categorica l  perceptio n o f 
visua l  orientatio n bu t  no t  visua l  length .  Thes e result s sugges t  tha t 
categorizatio n o f  stimulu s feature s i s a  modality-specifi c  proces s 
tha t  occur s independentl y withi n portion s o f  th e thalamocortica l 
syste m devote d t o eac h sensor y channel .  Moreover ,  th e result s ar e 
consisten t  wit h th e notio n tha t  categorica l  perceptio n depend s upo n 
store d representation s o f  experienc e i n a  particula r  sensor y domai n 
sinc e th e A L define d th e categor y boundar y fo r  eac h o f  th e sensor y 
continu a examined . 

Taking previous findings into account, the data suggest further 

tha t  damag e t o intrinsi c o r  "association "  area s i n th e frontal , 

604 



BOLSTER,  HONEYMAN,  GILLIS ,  WILSON 

parietal ,  an d tempora l  lobe s i s sufficien t  t o produc e impairment s i n 
categorica l  perception ,  independen t  o f  primar y sensor y deficit . 
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TABLE 1 

MEAN PERCENTAGE CORRECT DISCRIMINATIO N FOR COMBINED ONE-STEP AN D 
TWO-STEP DIFFERENCES BETWEEN STIMUL I  ON THREE SENSORY CONTINUA. 

Lesio n Grou p 

LF 
LPT 
LT 
RF 
RPT 
RT 

LF 
LPT 
LT 
RF 
RPT 
RT 

N 

4 

3 
2 

8 
7 
5 

2 
2 
1 
3 
4 
4 

Between-categor y With i 

Visua l 

98 
85 
93 
95 
82 
75 

Visua l 

83 
85 

100 
83 
77 
76 

Lengt h 

Orientatio n 

n-categor y 

78 
77 
70 
72 
69 
73 

74 
70 
80 
64 
77 
77 

Between-Withi n 

differenc e 

20 

8 
23 
23 
13 

2 

9 
15 
20 
19 

0 
- 1 

Weigh t  (contralatera l  hand ) 

LF 
LPT 
LT 
RF 
RPT 
RT 

2 
3 
4 
7 
8 
4 

75 
62 
80 
80 
77 
75 

71 4 
76 -1 4 
69 1 1 
68 1 2 
66 1 1 
63 1 2 

Weigh t  (ipsilatera l  hand ) 

LF 
LPT 
LT 

RF 
RPT 
RT 

3 
2 

3 
6 
5 
4 

75 
89 
97 
84 
81 
88 

77 - 2 
77 1 2 
75 2 2 
68 1 6 
71 1 0 
73 1 5 

NOTE:  Lesio n group s ar e L F (Lef t  Frontal) ;  LP T (Lef t  Parietal-Temporal) ; 
LT (Lef t  Temporal) ;  R F (Righ t  Frontal) ;  RPT (Righ t  Parietal-Temporal) ; 
RT (Righ t  Temporal) . 
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