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Abstrac t 

Previous studies of children's inductive reasoning have at-
tempte d t o demonstrat e tha t  labe l  informatio n i s preferre d t o 
percepnia l  similarit y a s th e basi s fo r  inductiv e inferenc e (Gel -
man an d Markman ,  1986 ;  Gelma n an d Markman ,  1987 ;  Gel -
man,  1988) .  A  connectionis t  mode l  o f  th e developmen t  o f 
inductiv e reasonin g predict s tha t  thi s wil l  onl y b e tru e whe n 
th e percepnia l  variabilit y  o f  categor y exemplar s i s hig h (Loos e 
and Mareschal ,  1997) .  W e repor t  thre e studie s investigatin g 
th e model' s predictions .  Stud y 1  demonstrate s tha t  pattern s o f 
categorizatio n ca n depen d o n percepnia l  variability .  I n stud y 2 
we develo p a  se t  o f  stimul i  wit h differin g variabilit y  bu t  equa l 
discriminability .  Stud y 3  demonstrate s tha t  youn g children' s 
pattern s o f  reasonin g ar e mor e affecte d b y th e presenc e o f  cat -
egor y label s whe n th e inferenc e i s fro m a n exempla r  o f  a  mor e 
perceptuall y variabl e category .  Thi s stud y als o demonstrate s 
tha t  th e basi s o f  inferenc e i s no t  explicabl e i n term s o f  th e eas e 
of  th e abilit y  t o categoriz e o f  th e stimuli .  Implication s fo r  th e 
origina l  mode l  ar e discussed . 

G e n e r a l  I n t r o d u c t i o n 

Studie s o f  th e basi s o f  children' s inductiv e reasonin g hav e 

bee n use d t o suppor t  th e notio n tha t  eve n youn g children' s 

representation s ar e abstrac t  an d conceptuall y sophisticated , 

as oppose d t o th e histori c vie w tha t  the y ar e perceptuall y 

grounde d an d limite d (Inhelde r  an d Piaget ,  1964 ;  Ge lma n 

and M a r k m a n ,  1986) .  A  connectionis t  mode l  o f  th e inductiv e 

reasonin g paradig m use d b y Gelma n an d M a r k m a n demon -

strate s tha t  thei r  result s ar e replicabl e b y a  syste m whic h 

doe s no t  utilis e comple x taxonomi c representation s (Loos e 

and Mareschal ,  1997) .  T h e mode l  relie s o n th e fac t  tha t 

ther e i s greate r  variabilit y  inheren t  i n perceptua l  informatio n 

tha n i n labe l  information—whic h b y it s ver y natur e serve s t o 

uniquel y identif y classe s o f  objects .  O n thi s basis ,  learnin g t o 

m a ke usefu l  inference s i n th e environmen t  naturall y lead s t o 

a relianc e o n categor y labels .  However ,  thi s wil l  onl y b e th e 

cas e i f  reliabl e informatio n abou t  th e categor y canno t  b e ex -

tracte d simpl y fro m th e perceptua l  world .  Label s m a y no t  b e 

require d w h e n categor y instance s ar e mor e homogeneou s i n 

appearance .  Thus ,  th e connectionis t  mode l  make s a  predic -

tio n regardin g th e decisio n t o trea t  similarit y o f  appearanc e 

or  share d label s a s th e basi s o f  inference .  Th e predictio n i s 

tha t  th e basi s o f  inferenc e i s mediate d b y th e variabilit y  i n ap -

pearanc e o f  th e exemplar s whic h wer e use d i n th e formatio n 

of  th e category . 

A n empirica l  stud y o f  th e effec t  o f  categor y variabilit y o n 

adul t  inference s withi n a  taxonomi c domai n suggest s tha t  cat -

egor y variabilit y  i s  importan t  fo r  adults ,  an d als o suggest s a 

paralle l  betwee n th e effec t  o f  developmen t  o n conceptua l  sys -

tem s an d th e effec t  o f  greate r  learnin g withi n a  particula r  do -

mai n (Loos e an d Mareschal ,  1998) .  Thi s study ,  an d other s 

(e.g .  Hampton ,  1995 )  she d som e doub t  o n th e assume d targe t 

of  th e developmenta l  proces s bein g a  globa l  preferenc e fo r  la -

bel  informatio n (a t  leas t  withi n th e domai n o f  natura l  kinds ) 

Th e questio n remain s a s t o whethe r  suc h effect s wil l  als o b e 

demonstrate d b y pre-schoo l  children .  I n th e studie s describe d 

here ,  w e investigat e th e effec t  o f  categor y variabilit y  o n infer -

ence s mad e b y pre-schoolers—th e populatio n sample d fo r  th e 

origina l  studies .  Th e question s o f  interes t  ar e (a )  whethe r  th e 

basi s o f  youn g children' s inference s i s affecte d b y variability , 

and (b )  whethe r  o r  no t  performanc e o n inferenc e task s i s bes t 

viewe d a s a  simpl e produc t  o f  categorizatio n processes . 

Th e res t  o f  th e pape r  unfold s a s follows .  First ,  tw o studie s 

of  categorizatio n ar e described .  Thes e studie s serv e t o val -

idat e th e stimul i  use d i n th e final  inferenc e study .  Differen t 

kind s o f  responses ,  t o categorie s o f  differen t  variability ,  lea d 

t o a  possibl e explanatio n o f  th e effec t  o f  categor y variabilit y 

i n inference .  A n inferenc e stud y tha t  investigate s th e relation -

shi p betwee n categor y variabilit y an d th e accurac y o f  chil -

dren' s inductiv e inferenc e (holdin g categor y discriminabilit y 

constant )  i s  the n reported .  Th e result s o f  thi s stud y ar e dis -

cusse d wit h respec t  t o th e conclusion s o f  th e categorizatio n 

studies .  Finally ,  implication s fo r  th e developmen t  o f  th e con -

nectionis t  mode l  ar e briefl y discussed . 

Experiment 1: Categorization of objects drawn 

f r o m p o p u l a t i o n s w i t h differen t  perceptua l 

variabilities . 

Thi s first  stud y wa s designe d t o examin e whethe r  o r  no t  chil -

dre n coul d explicitl y  categoriz e th e algorithmicall y generate d 

stimul i  t o b e use d i n th e final  inferenc e study .  T w o stimulu s 

categorie s wer e used ,  an d ar e describe d below .  Give n tha t  th e 

stimul i  wer e generate d algorithmicly ,  w e k n o w wha t  th e dif -

ference s i n variabilit y  betwee n th e differen t  categorie s used . 

I t  i s importan t  t o k n o w whethe r  participant s ca n explicitl y  de -

tec t  th e difference s betwee n exemplar s o f  differen t  categories . 

I t  i s  als o importan t  t o k n o w tha t  participant s adequatel y repre -

sen t  th e rang e o f  th e variou s dimension s alon g whic h object s 

of  a  particula r  categor y ca n vary . 

Becaus e thi s wor k deal s wit h category-base d inferences , 
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Figure 1: Regions of feature space from which different 'cat-

egor y exemplars '  wer e drawn . 

it is crucial tliat the participants can categorize the stimuli. 

Thi s poin t  i s  m a d e al l  th e stronge r  b y th e fac t  tha t  mos t  othe r 

studie s o f  thi s typ e hav e utilize d stimul i  whic h ar e previousl y 

know n t o th e chil d an d whic h ca n b e clearl y categorize d (e.g . 

Gelman &  Coley ,  1990) . 

Method 

Desig n &  Material s T h e stud y ha s a  within-subjects ,  sin -
gl e facto r  design .  T h e dependen t  variabl e i s  categor y 

discriminability— a measur e o f  th e likelihoo d tha t  stimul i  wil l 

be accuratel y judge d a s instance s o f  a  particula r  category , 

or  a s bein g outsid e o f  tha t  category .  Th e onl y facto r  i n thi s 

stud y i s categor y variability .  Variabilit y  ha s tw o levels ,  hig h 

and low ,  correspondin g t o categorie s forme d fro m exemplar s 

constructe d acros s a  wide r  o r  narrowe r  rang e o f  a  fixed  se t  o f 

dimensions .  Subject s wer e 1 0 pupil s i n a  primar y receptio n 

class' ,  si x female s an d fou r  males .  M e a n ag e wa s 4  year s 1 1 
month s (4 ;  11) . 

The material s fo r  th e stud y consiste d o f  si x colo r  pictur e 

set s o f  artificia l  animals—tw o trainin g set s plu s fou r  tes t  sets . 

The trainin g set s consiste d o f  a  lo w variabilit y  grou p an d a 

hig h variabilit y  group .  T h e tes t  set s consiste d o f  thre e lev -

el s o f  variabilit y  i n orde r  t o provid e picture s o f  animal s in -

side/outsid e th e high/lo w variabilit y  categories .  Th e variabil -

it y  o f  picture s outsid e th e lo w variabilit y  categor y i s th e sam e 

as tha t  fo r  picture s insid e th e hig h variabilit y  category—thu s 

ther e ar e thre e variabilit y  levels ,  an d fou r  set s o f  stimuli . 
The stimul i  wer e constructe d systematicall y suc h tha t  dif -

ference s betwee n 'animals '  consiste d o f  controlle d change s 

alon g a  se t  o f  know n dimensions .  Th e overal l  loo k o f  th e 

stimul i  i s  simila r  t o thos e use d b y Younge r  (1990 )  i n he r  stud -

ie s o f  categorizatio n i n infant s an d kindergarte n children .  Ex -

ample s o f  th e kin d o f  stimul i  use d ar e give n i n figure  2 .  Th e 

reason s fo r  havin g stimul i  tha t  looke d lik e thi s wer e firstly  s o 

tha t  the y woul d b e easil y controlled ,  manipulate d an d gen -
erated ,  an d secondl y tha t  the y coul d b e propose d a s natura l 
kind s from ,  "anothe r  world, "  whic h woul d promot e th e ide a 

Figur e 2 :  Trainin g stimul i  use d t o familiariz e childre n wit h 
th e hig h variabilit y  category . 

tha t  childre n shoul d reaso n abou t  the m a s i f  the y wer e bio -

logica l  kinds—albei t  o f  a  fictional  nature . 

I n thi s study ,  th e ter m 'categor y variability '  refer s t o th e 

sprea d o f  value s acros s th e differen t  dimension s use d t o de -

riv e eac h categor y exemplar .  T h e ter m 'category '  i s  thu s 

use d i n a  non-standar d way ,  sinc e w e use d a  neste d categor y 

structure—tha t  is ,  (referrin g t o figure  1) ,  regio n 1  i s on e cate -

gory ,  whil e regio n 2  i s a  secon d category .  Regio n 3  i s neces -

sar y t o provid e exemplar s outsid e th e regio n 2  category .  Con -

trastin g categorie s wit h th e sam e centra l  tendenc y i s consis -

ten t  wit h a  vie w o f  categor y representatio n whic h explicitl y 

incorporate s informatio n fro m individua l  exemplar s a s wel l 

as centra l  tendenc y (Smit h an d Medin ,  1981) . 

Th e actua l  dimension s tha t  wer e use d fo r  generatio n o f  th e 

stimul i  wer e bod y length ,  nec k lengt h an d tai l  siz e (fo r  th e 

lo w variabilit y  categor y only )  plu s le g lengt h an d bod y light -

nes s (hig h variabilit y  category) .  T h e hig h variabilit y  stimu h 

wer e als o draw n acros s a  broade r  rang e o f  eac h o f  thes e di -

mensions^ . 

Procedur e T h e stud y utilize d familiarizatio n an d catego -

rizatio n phases .  T h e familiarizatio n proces s wa s motivate d 
by ou r  previou s research .  I t  minimize s th e tim e take n wit h 

eac h chil d t o avoi d th e ris k o f  episodi c learning . 

Bot h categorie s wer e presente d t o eac h subjec t  i n rando m 

order ,  wit h th e followin g procedure : 

Afte r  spendin g a  shor t  tim e puttin g th e chil d a t  ease ,  th e ex -
perimente r  presente d on e o f  th e targe t  sets ,  chose n a t  random . 

Th e child' s familiarizatio n wa s a  guide d process .  First ,  th e 

chil d wa s aske d t o poin t  t o eac h anima l  o n th e sheet ,  an d the n 

t o 'coun t  around '  th e animals .  Finally ,  th e chil d wa s aske d 

t o find  exemplar s wit h particula r  features—fo r  example ,  "th e 

anima l  wit h th e longes t  neck" .  Thes e question s focusse d at -

tentio n o n th e salien t  dimension s o f  th e stimuli .  Havin g don e 

this ,  th e chil d wa s told ,  "Thes e animal s ar e actuall y calle d 

'wugs' ,  an d o n th e plane t  whic h the y c o m e from ,  ther e ar e 

lot s o f  wugs .  But.'.. .  o n th e plane t  ther e ar e als o s o m e othe r 

'Th e age s o f  U K primar y receptio n clas s childre n ar e equivalen t 
t o U S pre-schoolers . 

^Th e stimul i  wer e al l  place d o n a n (identical )  brightl y colore d 
"sky "  backgroun d t o mak e th e picture s a  littl e mor e interesting . 
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Var:High ,  Test:Exemplar s 

Var:High ,  Test :  Non-exemplar s 

Var:Low ,  Test:Exemplar s 

Var.Low ,  TestiNon-Exemplar s 

X 
3.2 0 

1.6 0 

3.5 0 

2.6 0 

s 
1.0 3 

1.0 7 

0.7 1 

1.5 8 

Tabl e 1 :  N u m b e r  o f  correc t  identification s o f  object s a s eithe r 

"wugs "  o r  no t  ( N =  1 0 i n eac h case) . 

animal s whic h loo k a  bi t  lik e w u g s — b u t  they'r e not !  They'r e 

somethin g else !  Thos e othe r  animal s tha t  w e sa w wer e lik e 

that. " 

Th e chil d wa s the n tol d tha t  the y wer e goin g t o pla y a 

g a m e — t h ey mus t  loo k a t  ne w picture s o f  animals ,  an d decid e 

whic h animal s actuall y wer e 'wugs '  an d whic h wer e impos -

tors .  I t  wa s expecte d tha t  b y emphasizin g tha t  ther e woul d 

be animal s i n th e tes t  set s whic h woul d loo k lik e wug s bu t 

woul d no t  actuall y b e wugs ,  participant s woul d b e mor e dis -

criminatin g i n thei r  judgements .  Withou t  suc h instruction , 

ther e coul d b e a  tendenc y toward s over-generalization ,  sinc e 

th e chil d ha d onl y see n positiv e exemplar s o f  'wugs '  durin g 

th e famiharizatio n process . 

Th e chil d wa s the n presente d wit h th e appropriat e tes t  se t 

of  eigh t  individua l  picture s fo r  th e targe t  categor y bein g fa -

miliarized .  Th e picture s wer e presente d t o th e chil d i n ran -

d o m order .  Hal f  o f  th e picture s wer e o f  categor y exemplars , 

and hal f  wer e take n fro m a  mor e variabl e categor y wit h sim -

ila r  prototype .  Eac h tim e a  pictur e wa s presented ,  th e chil d 

was encourage d t o tak e a  quic k loo k a t  th e shee t  o f  know n 

exemplar s befor e decidin g o n th e identit y o f  th e ne w animal . 

Childre n wer e no t  give n tim e t o explicitl y  compar e eac h tes t 

pictur e wit h eac h k n o w n exemplar—th e purpos e o f  takin g a 

quic k loo k wa s t o reinforc e th e child' s origina l  impressio n o f 

th e kind s o f  thing s tha t  coul d coun t  a s categor y exemplars . 

Thi s wa s a  continuatio n o f  th e familiarizatio n process ,  sav -

in g tim e an d allowin g th e stud y t o b e successfull y performe d 

wit h childre n o f  th e targe t  age . 

Th e child' s respons e wa s recorde d a s eithe r  correc t  o r  in -

correct .  Onc e thi s procedur e ha d bee n complete d fo r  al l  eigh t 

m e m b e rs o f  th e tes t  set ,  attentio n switche d t o th e othe r  cat -

egor y whic h wa s no t  originall y chosen .  Th e procedur e wa s 

repeate d wit h th e secon d targe t  category .  Thi s ne w categor y 

of  animal s wa s give n a  ne w name .  Exemplar s wer e calle d 

'keeches '  rathe r  tha n 'wugs' .  Not e tha t  thes e name s ar e non -

words ,  an d hav e bee n use d previousl y i n simila r  studies ,  e.g . 

Roria n (1994) .  Orde r  effect s wer e remove d b y presentin g 

eac h o f  th e targe t  categorie s first  i n 5 0 % o f  cases . 

Results 

Respons e accurac y i s  show n i n Tabl e 1 .  I t  i s  easie r  t o de -

tec t  non-exemplar s fro m a  lo w varianc e categor y tha n fro m 

a hig h varianc e category .  I t  i s  possibl e tha t  childre n migh t 

be biase d t o giv e a  'yes '  o r  'no '  respons e irrespectiv e o f  th e 

question .  Thi s i s accounte d fo r  b y a  recodin g o f  th e respons e 

data .  Thi s recodin g take s advantag e o f  a  measur e derive d 

fro m signa l  detectio n theor y (McNicol ,  197 2 cite d i n M o n k & 

Eiser ,  1980) .  P { A ) — a n approximatio n o f  th e are a unde r  th e 

R OC curve ^  i s a  bia s fre e measur e o f  discriminability .  Give n 

tha t  ther e ar e onl y tw o respons e categorie s i n thi s study ,  th e 

measur e i s easil y understoo d informally .  W e assum e tha t  7 j 

i s  th e proportio n o f  categor y exemplar s judge d a s suc h (hits) , 

Oi  i s  th e proportio n o f  non-categor y exemplar s judge d a s ex -

emplar s (fals e alarms) ,  l o i s th e proportio n o f  categor y exem -

plar s judge d a s non-exemplar s (misses )  an d O g i s th e propor -

tio n o f  non-categor y exemplar s judge d a s suc h (al l  clears)'' . 

Thes e assumption s allo w u s t o stat e P { A )  a s i n equatio n 1 . 

P{A )  =  UOo + 
hOi  +  hO o 

(1 ) 

Thi s equatio n ha s tw o component s whic h correspon d t o 

differen t  aspect s o f  tabl e 2 .  Correc t  judgement s ar e foun d 

alon g th e / ,  an d O o diagonal .  I f  al l  response s ar e i n 

thes e cells ,  the n th e first  componen t  o f  P { A )  evaluate s t o 

1.  Th e secon d componen t  reflect s respons e bias .  I n thi s 

case ,  i t  wil l  evaluat e t o 0—however ,  t o th e exten t  tha t  sub -

jects '  judgement s ar e th e sam e irrespectiv e o f  th e correc t 

answer ,  response s wil l  b e distribute d acros s a  singl e tabl e 
ro w (liOi/IoOo) ,  leadin g t o a n increas e i n hOi+ifO ^  ̂  ̂ ^ ^ 

a correspondin g decreas e i n /jOq .  Give n th e denominato r  o f 

'̂'̂ 'V''̂ ' '  i t  ca n b e see n tha t  respons e bia s wil l  ten d t o re -
duc e th e overal l  result . 

Thus ,  computin g P { A )  provide s a  measur e o f  discrim -

inabilit y  rangin g fro m 0 — 1 whic h i s no t  subjec t  t o respons e 

bias . 

Subjec t 

Judgmen t 

I N 
OUT 

Correc t  Judgmen t 

I N OUT 

/ . 
/ o 

0^ 
Oo 

Tabl e 2 :  Respons e bia s an d correc t  inference . 

The boundar y o f  th e lo w variabilit y  categor y wa s dis -

criminate d mor e clearl y tha n th e boundar y o f  th e hig h vari -

abilit y  categor y (Mea n discriminabilitie s 0.68/0.33) .  Thi s 

differenc e i s  reliabl e (A ^  =  10 ,  t  =  -5.314 ,  p  < 

0.001) .  Thus ,  despit e equivalen t  objectiv e difference s be -

twee n exemplars/non-exemplar s o f  eac h category ,  th e bound -

ar y o f  th e les s variabl e categor y i s stil l  mor e discriminable . 

Discussion 

Th e result s o f  stud y 1  sugges t  tha t  th e mor e perceptuall y  di -

vers e a  categor y is ,  th e mor e a n objec t  mus t  b e perceptuall y 

differen t  fro m categor y member s befor e i t  i s  recognize d a s 

not  bein g a  categor y member .  Thi s i s a n interestin g finding, 

The 'Receive r  Operatin g Characteristic '  curv e plot s th e prob -
abilit y  o f  false-positiv e identification s agains t  true-positiv e identifi -
cation s unde r  differen t  condition s o f  nois e an d signa l  strength . 

''Thus ,  fo r  example ,  fo r  thi s stud y / {  i s  th e numbe r  o f  'wug '  re -
sponse s give n t o genuin e 'wug '  stimuli ,  divide d b y th e tota l  numbe r 
of  genuin e 'wug '  stimul i  presente d (alway s 4  i n thi s study) . 
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suggestin g somethin g lik e a  "Weber' s la w fo r  categorization" . 

The genera l  ide a o f  suc h a  la w woul d b e tha t  th e require d 

(perceptual )  distanc e betwee n a n exempla r  o f  a  categor y an d 

an objec t  whic h i s no t  a n exempla r  s o tha t  th e categor y dis -

tinctio n i s clearl y notice d become s large r  wit h th e perceptua l 

variabilit y  o f  th e category .  I t  i s  helpfu l  t o defin e a  distinc t  ne w 

here .  I f  w e defin e a  'jus t  noticeabl e categor y discrimination' , 

or  J N C D ,  a s th e distanc e i n featur e spac e betwee n th e edg e 

of  a  categor y an d th e neares t  poin t  whic h i s reliabl y judge d t o 

be outsid e o f  th e category ,  the n w e ca n m a k e th e simpl e clai m 

tha t  th e J N C D wil l  gro w wit h th e perceptua l  variabilit y  o f  th e 

category . 

I t  ma y b e tha t  th e difference s i n th e J N C D s o f  categorie s 

wit h differen t  variabilitie s explain s w h y highe r  variabilit y 

categorie s promot e mor e labe l  base d inductiv e reasoning . 

Therefore ,  i t  woul d b e interestin g t o modif y ou r  stimul i  t o 

tak e accoun t  o f  th e J N C D ,  an d se e i f  w e ar e the n abl e t o find 

an effec t  o f  categor y variabilit y  o n inductiv e reasonin g per -

formance . 

Experiment 2: Categorization of stimuli with 

equ iva len t  J N C D 

The secon d categorizatio n stud y wa s almos t  identica l  t o th e 

first,  involvin g te n mor e pupil s fro m th e sam e primar y schoo l 

clas s (mea n ag e 5;0) .  Th e differenc e betwee n thi s stud y an d 

stud y 1  i s tha t  a  ne w se t  o f  stimul i  wer e generate d accountin g 

fo r  th e effec t  o f  differin g J N C D wit h increase d variability . 

Stimulu s modification s ar e describe d below . 

Revised Materials 

I n orde r  t o b e abl e t o increas e exempla r  difference s withou t 

makin g som e stimul i  extremel y large ,  a n appropriat e extr a di -

mensio n o f  variabilit y  wa s added—tha t  o f  texture .  I t  ha s bee n 

demonstrate d tha t  youn g children' s classification s o f  natura l 

kind s ar e extremel y sensitiv e t o texture .  Thu s th e textur e di -

mensio n shoul d hav e a  disproportionatel y larg e effec t  o n chil -

dren' s judgement s (Jone s e t  al. ,  1991) .  A  textur e scal e wa s 

take n fro m a  compute r  paintin g program ,  an d applie d t o th e 

picture s i n th e sam e wa y tha t  th e othe r  dimension s ha d been . 

Thi s woul d serv e t o plac e extr a 'ou t  o f  category '  informatio n 

i n th e non-exempla r  pictures . 
Furthe r  t o this ,  th e picture s o f  animal s intende d a s in -

stance s draw n fro m outsid e th e hig h variabilit y  categor y wer e 

als o modifie d suc h tha t  the y include d mor e featur e informa -

tio n whic h wa s furthe r  outsid e th e boundarie s o f  anythin g 

used i n th e hig h variabilit y  category .  Thi s explici t  modifica -

tio n o f  onl y th e hig h variabilit y  categor y i s require d t o remov e 

th e effec t  o f  differin g J N C D s . 

Results 

Discriminabilit y  rating s wer e compute d fo r  eac h subjec t  a s i n 

th e previou s study .  M e a n discriminabilit y  rating s i n thi s stud y 

wer e 0.82/0.7 3 fo r  th e low/hig h variabilit y  categorie s respec -

tively .  Th e differenc e i n mean s i n thi s secon d stud y i s no t 

reliabl e (A ^  =  10, f  =  -1.231, p =  0.25) .  Thus ,  ther e i s n o 
evidenc e o f  differin g discriminabilit y  betwee n th e mor e an d 

les s homogeneou s categories .  Thi s resul t  als o demonstrate s 

tha t  th e modifie d stimul i  accoun t  fo r  th e effec t  o f  differin g 

J N C D s. 

Discussion 

The differenc e i n discriminabilit y  betwee n th e tw o categorie s 

has bee n remove d b y th e modification s t o th e stimuli .  Thi s i s 

confirme d b y a  compariso n betwee n th e result s fro m th e tw o 

studies . 

A tw o wa y mixe d analysi s o f  varianc e wa s performed , 

comparin g th e discriminabilit y  rating s betwee n th e previou s 

studies .  Th e withi n subject s facto r  wa s categor y variabil -

it y  (tw o levels ,  lo w an d high) ,  th e betwee n subject s facto r 

was th e stud y fro m whic h th e result s came .  Th e discrim -

inabilit y  o f  exemplar s o f  bot h categorie s ha s improve d fro m 

th e first  t o th e secon d study .  Thi s woul d b e expecte d fro m 

th e fac t  tha t  w e hav e adde d anothe r  dimensio n t o al l  stim -

ul i  (texture) .  Ther e i s als o a  greate r  improvemen t  i n th e 

hig h variabilit y  category .  Thi s woul d b e expecte d fro m th e 

extr a modification s t o stimul i  draw n fro m th e hig h variabil -

it y  category .  Th e mai n effec t  o f  stimulu s grou p i s signif -

ican t  (A ^  =  20,F(1,18 )  =  9.311, p =  0.007) ,  a s i s th e 

mai n effec t  o f  categor y variabilit y  (A' ^  =  20,F(1,18 )  = 

17.778, p =  0.001) .  Importantly ,  th e interactio n i s als o sig -

nifican t  (A ^  =  20,F(1,18 )  =  5.133, p =  0.036) .  Thu s th e 

effec t  o f  categor y variabilit y  i s  moderate d b y th e stimulu s se t 

used .  I n thi s case ,  ther e i s onl y a  reliabl e differenc e betwee n 

th e tw o categorie s whe n th e origina l  stimul i  wer e used . 

Thes e preliminar y categorizatio n studie s hav e achieve d 
tw o things .  First ,  i f  ou r  model' s predictio n i s correct—tha t 

an importan t  facto r  i n th e choic e t o m a k e inference s o n th e 

basi s o f  appearanc e o r  labe l  informatio n i s th e perceptua l 

variabilit y  o f  th e se t  o f  exemplar s whic h for m th e category — 

the n ou r  first  stud y suggest s on e possibl e explanation .  I t  m a y 

be tha t  som e kin d o f  psychophysica l  la w applie s suc h tha t 

th e greate r  th e perceptua l  variabilit y  o f  a  category ,  th e large r 

th e "jus t  noticeabl e categor y difference. "  Thi s woul d lea d t o 
a potentia l  re-interpretatio n o f  a t  leas t  som e o f  th e compar -

ison s m a d e i n previou s studie s o n th e basi s tha t  th e notio n o f 

"perceptua l  similarity "  i s  no t  a n absolut e measure ,  an d there -
for e shoul d no t  b e compare d acros s stimul i  withou t  regar d fo r 

J N C D.  Secondly ,  w e n o w hav e a  se t  o f  stimul i  whic h allo w u s 

t o conduc t  a  stud y o f  inductiv e inference .  Thes e stimul i  hav e 

take n int o accoun t  th e effec t  o f  changin g J N C D ,  sinc e cate -

gorie s ar e no t  significantl y differen t  i n thei r  discriminabilit y 

despit e havin g differen t  level s o f  perceptua l  variability . 

Experiment 3: Category-based inductive 

in ference s 

Thi s stud y use s th e previou s stimul i  t o investigat e whethe r 

th e accurac y o f  inference s fro m exemplar s o f  more/les s per -

ceptuall y variabl e categorie s wil l  b e affecte d i n th e sam e w a y 

by th e additio n o f  labe l  information .  Th e categorie s use d ar e 

equall y discriminable ,  despit e havin g distinc t  perceptua l  vari -

abilities . 
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M e t h o d 

Subject s &  Material s Twenty-eigh t  childre n participate d 

i n th e study ,  take n fro m thre e primar y schoo l  receptio n 

classe s i n Exeter ,  U K .  1 4 male s an d 1 4 female s participated . 

Th e m e a n ag e o f  al l  participant s wa s 4  year s 1 0 months .  Par -

ticipant s wer e chose n a t  rando m fro m schoo l  classes .  Car e 

was take n t o exclud e childre n know n t o hav e learnin g diffi -

culties . 

Stimul i  wer e a s describe d above .  I n th e hig h variabilit y 

condition ,  "wugs'V'keeches "  wer e draw n fro m region s 2/ 3 o f 

figure  1 .  I n th e lo w variabilit y  condition ,  "wugs'V'keeches " 

wer e draw n fro m region s 1/2 .  Importantly ,  th e modifie d stim -

ul i  fro m Experimen t  2  wer e use d her e s o tha t  bot h low/hig h 

variabilit y  categorie s wer e equall y discriminable .  Example s 

of  th e non-perceptua l  propertie s use d i n th e inferenc e ques -

tion s are ,  "ver y quie t  an d sh y o f  people" ,  an d "liv e onl y wher e 

i t  i s  ver y cold. " 

Desig n &  Procedur e Th e stud y utilize s a  2x 2 betwee n 

subject s design .  Th e first  facto r  wa s th e variabilit y  o f  th e 

set  o f  exemplar s use d t o giv e a n impressio n o f  th e cate -

gor y o f  animal s (tw o levels ,  high/low) .  Th e secon d facto r 

was th e presenc e o r  absenc e o f  stimulu s label s (tw o levels , 

present/absent) .  Th e presenc e o f  label s wa s indicate d b y giv -

in g tes t  exemplar s differen t  name s (wug/keech )  dependin g o n 

whethe r  the y wer e categor y exemplar s o r  not .  W h e n label s 

wer e absent ,  al l  picture s wer e describe d a s "animals" . 

Eac h participan t  wen t  throug h tw o phase s i n th e study ,  fa -

miliarizatio n an d inference .  Afte r  a  shor t  tim e spen t  puttin g 

th e chil d a t  ease ,  s/h e bega n th e familiarizatio n phase ,  an d 

was show n a  targe t  categor y i n th e for m o f  a  singl e shee t  o f 

pape r  wit h a  se t  o f  exemplar s printe d o n it .  Al l  exemplar s 

wer e presente d alon g a  singl e line ,  an d withou t  an y whit e 

spac e aroun d them .  Th e variabilit y  o f  th e exemplar s wa s 

varie d acros s conditions .  Al l  childre n wer e tol d tha t  thes e 

wer e animal s fro m "anothe r  planet "  an d tha t  the y wer e calle d 

"wugs" . 

Th e familiarizatio n proces s wa s th e sam e acros s al l  condi -

tions .  I t  consiste d o f  ensurin g tha t  th e chil d looke d a t  eac h 

exempla r  individually ,  an d als o attende d t o eac h o f  th e salien t 

dimensions .  I t  als o include d th e us e o f  th e term s "wug "  an d 

"keech "  t o describ e th e stimuli . 

Havin g spen t  som e tim e examinin g th e targe t  categor y an d 

learnin g it s name ,  th e childre n entere d th e secon d p h a s e — 

inference .  Durin g thi s phase ,  childre n i n th e labe l  conditio n 

wer e tol d whe n the y wer e lookin g a t  a  wug ,  an d whe n the y 

wer e lookin g a t  a  keech .  Childre n i n th e no-labe l  conditio n 

wer e alway s told/aske d abou t  thi s o r  tha t  animal .  I n th e res t 

of  thi s section ,  th e thing s tha t  th e childre n wer e tol d i n eac h 

conditio n ar e containe d withi n a  singl e description ,  wit h th e 

differin g wordin g represente d as :  [labe l  condition/no-labe l 

condition] . 

First ,  eac h participan t  wa s tol d tha t  th e 'planet '  whic h th e 

[wugs/animals ]  liv e o n contain s som e animal s tha t  loo k lik e 

[wugs/thes e animals] ,  bu t  whic h ar e not .  Thi s wa s t o giv e 

th e childre n th e ide a tha t  wha t  the y wer e abou t  t o se e migh t 

Variabilit y 

Hig h 
No Labe l  Label s give n 

W e r e label s give n durin g questioning ? 

Figure 3: Number of correct responses (/8) given by children 

i n th e differen t  experimenta l  condition s o f  th e inferenc e study . 

be a different kind of alien animal. Since the wugs look dis-

tinc t  fro m anythin g th e childre n hav e see n before ,  i t  i s quit e 

possibl e tha t  withou t  bein g tol d this ,  the y woul d assum e tha t 

everythin g the y wer e show n wa s a  wug . 

Next ,  th e childre n wer e tol d tha t  al l  [wug/animal ]  picture s 

on th e targe t  shee t  ha d a  particula r  non-perceptua l  property . 

For  example ,  "Al l  thes e [wugs/animals ]  ca n se e i n th e dark. " 

Th e chil d wa s the n show n a  furthe r  picture—on e tha t  ha d 

not  bee n see n before ,  an d wa s asked ,  " D o yo u thin k tha t 

thi s [(wug/keech)/animal ]  ca n [se e i n th e dark]?" .  W e mak e 

th e assumptio n tha t  a n inferenc e i s vali d onl y i f  th e sourc e 

an d targe t  object s ar e draw n fro m th e sam e category .  Whe n 

childre n generalize d a  propert y acros s categories ,  o r  di d no t 

generaliz e a  propert y withi n categories ,  the n th e respons e 

was considere d incorrect .  Response s wer e recorde d a s cor -

rect/incorrect . 

Results 

Figur e 3  show s th e m e a n numbe r  o f  correc t  inference s i n eac h 

of  th e conditions . 

Significan t  difference s wer e apparen t  betwee n th e accura -

cie s o f  th e differen t  group s ( N =  28 ,  F(3,24 )  =  4.423 , 

p =  0.013) .  Th e dat a sho w a  significan t  mai n effec t  o f  cat -

egor y varianc e (F(l,24 )  -  8.097 ,  p  =  0.009) .  Ther e i s n o 

significan t  mai n effec t  o f  addin g label s (F(l,24 )  =  1.750 , 

p — 0.395) .  Ther e is ,  however ,  a  significan t  interactio n be -

twee n varianc e an d labe l  (F(l,24 )  =  10.321 ,  p  =  0.046)^ . 

Th e effec t  o f  labellin g o n inferenc e therefor e depend s o n 

th e variabilit y  o f  th e categor y used .  One-wa y analyse s o f 

th e effec t  o f  labellin g a t  differen t  level s o f  categor y varianc e 

demonstrat e a  significan t  effec t  o f  labellin g fo r  hig h varianc e 

categorie s onl y ( N =  14 ,  F ( l ,  12 )  =  5.760 ,  p  =  0.034) ^ 

Thus ,  subject s wer e mor e likel y t o m a k e correc t  inference s 

w h en the y wer e makin g inference s fro m a  lo w a s oppose d 

'Not e tha t  th e interactio n i s ordinal ,  bu t  ther e i s a  chang e i n direc -
tion .  Th e lo w varianc e targe t  performanc e i s mad e wors e b y th e ad -
ditio n o f  a  label—th e hig h varianc e targe t  performanc e i s improved . 

*Fo r  lo w varianc e categories ,  N  =  14 ,  F(l ,  12 )  =  0.620 ,  p  = 
0.446 . 
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t o hig h variabilit y  category .  Overall ,  ther e i s no t  a  signifi -

can t  effec t  o f  addin g labels .  Thi s i s explicabl e i n term s o f  th e 

surprisin g (an d unreliable )  reductio n i n accurac y whe n label s 

wer e provide d i n th e lo w variabilit y  condition ,  a s oppose d 

t o th e increas e i n accurac y whe n label s wer e provide d i n th e 

hig h variabilit y  condition . 

Discussion 

Thes e studie s suppor t  th e prediction s o f  th e connectionis t 

model  o f  th e developmen t  o f  inductiv e inferenc e (Loos e an d 

Mareschal ,  1997) .  Th e variabilit y  o f  th e se t  o f  exemplar s 

fro m whic h a  categor y i s inferre d i s importan t  i n subsequen t 

inductiv e reasonin g wit h tha t  category .  Th e mor e variabl e th e 

set  o f  exemplars ,  th e greate r  i s  th e effec t  o f  addin g categor y 

labels . 

Stud y 1  demonstrate s tha t  ther e i s a  tendenc y t o over -

generaliz e propertie s o f  mor e variabl e categorie s t o a  greate r 

exten t  tha n propertie s o f  les s variabl e categories .  Thi s migh t 

explai n th e findings  o f  som e inferenc e studies ,  i n tha t  i t  i s 

harde r  t o find  perceptua l  distinction s betwee n categorie s o n 

whic h t o bas e inference s whe n thos e categorie s ar e mor e vari -

able .  However ,  experiment s 2  an d 3  demonstrat e tha t  ther e i s 

more t o inferenc e tha n this .  Experimen t  2  demonstrate s tha t 

we hav e produce d a  se t  o f  stimul i  takin g J N C D int o account , 

sinc e w e find  n o evidenc e o f  a  differenc e i n discriminabilit y 

betwee n th e tw o categorie s use d i n tha t  study .  Experimen t  3 

investigate s inferenc e usin g thes e revise d stimuli .  Th e stud y 

finds  tha t  th e accurac y o f  inference s fro m th e hig h variabilit y 

categor y ar e mor e affecte d b y th e additio n o f  labe l  informa -

tio n tha n inference s fro m th e lo w variabilit y  category . 

The principl e tha t  perceptuall y mor e heterogeneou s cate -

gorie s wil l  b e mor e affecte d b y categor y label s i n inferenc e 

i s predicte d b y th e Loos e &  Marescha l  model .  However ,  de -

pendin g o n th e interpretatio n o f  thes e results ,  a  reconsidera -

tion  o f  th e mode l  m a y b e required . 

I f  i t  turn s ou t  tha t  th e tw o categorie s ar e i n fac t  no t  equall y 

discriminable ,  the n th e simples t  explanatio n i s tha t  th e per -

ceptuall y mor e homogeneou s categor y promote s bot h cat -

egorizatio n an d inference .  Previousl y reporte d simulation s 

demonstrat e tha t  thi s interpretatio n i s consisten t  wit h th e 

model' s performanc e (Loos e an d Mareschal ,  1997) .  H o w -

ever ,  ou r  result s sugges t  tha t  w e shoul d trea t  th e tw o cate -

gorie s a s equall y discriminable .  Thus ,  w e ar e le d t o argu e tha t 

th e integratio n o f  ne w conceptua l  informatio n int o a  percep -

tuall y heterogeneou s categor y i s actuall y mor e difficul t  tha n 

th e integratio n o f  ne w conceptua l  informatio n int o a  percep -

tuall y homogeneou s category .  Th e previousl y reporte d mode l 

does no t  see m t o accoun t  fo r  thi s specifi c finding.  Th e mode l 

i s  currentl y bein g develope d t o investigat e wha t  "mor e diffi -

cult "  migh t  mea n i n thi s context . 
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