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E x p e r i m e n t a l  a n d Connect ionis t  Perspective s o n S e m a n t i c M e m o r y 

D e v e l o p m e n t 

Samantha J. Hartley (pcp95sjh@shefneld.ac.uk) 
Departmen t  o f  Psychology ,  Universit y o f  Sheffield , 

Wester n Bank ,  Sheffiel d SI O 2TP .  Englan d 

Tony J. Prescott (t.j.prescott@shefrield.ac.uk) 

Departmen t  o f  Psychology ,  Universit y o f  Sheffield . 

Roderick I. Nicolson (r.nicolson@sheffield.ac.uk) 

Departmen t  o f  Psychology ,  Universit y o f  Sheffield . 

Abst rac t 

We describe an experimental investigation of the 
developmen t  o f  children' s knowledg e stmcture s whic h aim s 
t o provid e dat a fo r  connectionis t  modelling .  16 7 childre n 
betwee n 5  an d 1 1 year s o f  ag e complete d tw o categor y 
fluenc y task s wher e the y wer e aske d t o produc e a s man y 
names o f  a )  animal s an d b )  part s o f  th e body ,  a s the y coul d 
i n on e minute .  Similarit y score s wer e derive d base d o n 
distance s betwee n concept s i n th e list s produced .  Thes e 
wer e analyse d usin g th e ADDtre e algorith m (Sattat h & 
Tversky ,  1977 )  t o buil d structure s representin g th e 
organisatio n o f  th e children' s knowledg e o f  animal s an d 
bod y parts .  Th e result s showe d tha t  anima l  knowledg e wa s 
generall y organise d i n term s o f  environmenta l 
context/habitat ,  however ,  ther e wa s evidenc e fo r  subtl e 
change s i n knowledg e organisatio n betwee n ag e groups. 
Mor e pronounce d change s wer e observe d i n th e 
organisatio n o f  knowledg e o f  bod y part s whic h gav e som e 
suppor t  t o th e assertio n tha t  childre n progres s fro m 
makin g coarse r  t o makin g fme r  distinction s betwee n 
concept s (se e Keil ,  1979 )  an d reflecte d th e progressio n 
observe d i n knowledg e structur e developmen t  i n a 
connectionis t  mode l  o f  semanti c memor y discusse d b y 
McClelland ,  McNaughto n an d O'Reill y  (1995) .  Ou r  ai m i s 
t o exten d thi s wor k t o provid e dat a enablin g connectionis t 
modellin g o f  semanti c memor y withi n a  developmenta l 
framework . 

Introduction—Connectionist Modelling of 

Semanti c M e m o r y Developmen t 

Recent  year s hav e see n muc h interes t  i n th e us e o f 
connectionis t  modellin g t o investigat e th e structur e an d 

functio n o f  semanti c m e m o r y (e.g .  Hinto n &  Shallice , 

1991 ;  McClelland ,  McNaughto n &  O'Reilly ,  1995 ;  M c R a e , 

de S a &  Seidenberg ,  1997 ;  Plaut ,  1995 ;  Rumelhart ,  1990 ; 

Rumelhar t  &  Todd ,  1992) .  Thi s wor k ha s bee n base d o n 

knowledg e o f  adul t  semanti c memory ,  wit h trainin g set s 

derive d fro m adul t  data ,  an d ha s investigate d th e organisatio n 

and functionin g o f  th e establishe d semanti c syste m an d th e 

effect s o f  brai n damag e o n thi s syste m (e.g .  Fara h & 

McClelland ,  1991 ;  Hinto n &  Shallice ,  1991 ;  Plau t  & 

Shallice ,  1986) .  Thi s i s  valuable ,  insofa r  a s i t  aid s 

understandin g o f  a n adult' s  semanti c system ,  however ,  i t 

generall y shed s littl e ligh t  o n h o w thi s syste m develop s i n 

children .  O n e exceptio n i s th e wor k o f  McClellan d e t  al . 

(1995 )  w h o dra w parallel s betwee n th e developmen t  o f  a n 

interna l  knowledg e structur e i n thei r  mode l  ( a replicatio n o f 

Rumelhar t  &  Todd ,  1992 )  an d observation s fro m 

developmenta l  psycholog y (se e later) .  Thes e parallel s ar e 

draw n pos t  hoc ,  however ,  a s thi s mode l  wa s no t  designe d o r 

traine d wit h th e expres s intentio n o f  investigatin g 

developmen t  i n semanti c memory .  Th e valu e o f 

connectionis t  modellin g technique s i n investigatin g 

developmenta l  processe s i s  wel l  recognise d (Elma n e t  al. , 

1996) .  I t  i s  clea r  tha t  th e stud y o f  semanti c memor y wit h 

connectionis t  model s ca n benefi t  fro m a  developmenta l 

perspectiv e usin g dat a firo m wor k o n chil d memor y fo r 

networ k trainin g an d behaviou r  comparison . 

A developmenta l  approac h t o semanti c memor y modellin g 

shoul d als o improv e ou r  understandin g o f  th e effec t  o f  a 

child' s knowledg e bas e o n learnin g processe s an d cognitiv e 

performanc e (se e Bjorklund ,  1987 ;  Schneider ,  Korke l  & 

Weinert ,  1989 ;  Schneider ,  Korke l  &  Weinert ,  1990) .  A s 

Grub e an d Hasselhor n (1996 )  poin t  out ,  althoug h th e impac t 

of  change s i n th e knowledg e bas e ar e wel l  documented ,  littl e 

i s understoo d abou t  h o w exactl y suc h change s exer t  thei r 

effect .  O n e possibilit y i s  tha t  quantitativ e increase s i n a 

child' s knowledg e bas e lea d t o qualitativ e change s i n th e 

structur e o f  interna l  knowledg e representations ,  i n tur n 

affectin g th e child' s performanc e o n task s tappin g thi s 

knowledge .  Ther e i s  m u c h evidenc e fo r  suc h change s 

betwee n 4  an d 1 0 year s o f  age .  Children' s conceptua l 

representation s underg o shift s fro m bein g concret e t o mor e 

abstrac t  betwee n thes e age s (e.g .  Keil ,  1989 ;  Vygotsky , 

1962) .  Care y (1985 )  observe d marke d change s i n th e 

inductiv e inference s childre n wil l  mak e abou t  biologica l 

kinds ,  whil e Kei l  (1979 )  demonstrate d a  gradua l  chang e from 

childre n makin g coarse r  t o thei r  makin g finer  distinction s 

betwee n concepts ,  reflecte d i n thei r  abilit y  t o correctl y decid e 

whic h term s (o r  features )  coul d b e attribute d t o certai n 

concepts .  I t  wa s t o th e latte r  progressio n tha t  McClellan d e t 

al .  (1995 )  dre w parallel s wit h th e developmen t  o f  conceptua l 

knowledg e structure s i n thei r  connectionis t  model .  Figur e 1 
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illustrate s ou r  o w n replicatio n o f  thi s stud y w h i c h use d th e 

s a me th e networ k architectur e an d trainin g schedul e a s 

reporte d b y McClel lan d e t  al .  T o ai d compar iso n wit h dat a 

f ro m developmenta l  studie s reporte d late r  i n th e paper ,  a n 

A D D t r e e analysi s (Sattat h &  Tverksy ,  1977 )  i s  s h o w n her e 

fo r  th e relationship s be twee n concep t  representation s forme d 

i n th e hidde n uni t  weight s o f  th e network .  A s illustrate d i n 

th e figur e ther e i s a  clea r  progressio n f ro m coarse r  t o finer 

distinction s betwee n concept s a s trainin g proceeds .  Thi s i s 

indicate d b y th e distinc t  cluster s o f  animal s an d plant s wh ic h 

ar e no t  presen t  a t  5 0 epochs ,  develo p b y 10 0 epochs ,  an d ar e 

m o st  pronounce d a t  2 0 0 epochs .  B y th e final  stage s o f 

trainin g th e conceptua l  structur e i s  als o furthe r  refine d wit h 

birds ,  fish,  trees ,  an d flowers  clearl y differentiated . 

epoc h 5 0 

pin e 

oak 
dais y 

• sunfish 
canar y 

robi n 
salmo n 

epoc h 10 0 

oak 
pin e 

dais y 
-  canar y 

robi n 
salmo n 

sunfis h 

epoc h 20 0 

oak 
pme 

dais y 
canar y 
robi n 

salmo n 
sunfis h 

Figur e 1 :  A D D t r e e analysi s o f  hidde n uni t  weight s i n a 

connectionis t  m o d e l  o f  semanti c m e m o r y .  T h e distanc e 

betwee n item s i s  indicate d b y th e lengt h o f  th e horizonta l 

arc s i n th e pat h joinin g them .  T h e lengt h o f  th e ar c joinin g 

a cluste r  t o th e res t  o f  th e tre e give s a n indicatio n o f  th e 

distinctivenes s o f  tha t  cluster .  T h e roo t  i s chose n t o giv e th e 

most  balance d tre e possible .  Se e Sattat h &  Tverks y (1977 ) 

fo r  a  ful l  descriptio n o f  A D D t r e e s ,  an d McCle l lan d e t  al . 

(1995 )  fo r  descriptio n o f  networ k architectur e an d trainin g 

schedule . 

The method used to judge concept similarity is quite 

different ,  however ,  i n thi s connectionis t  m o d e l  (comparin g 

interna l  distribute d representations )  f r o m tha t  use d i n Keil' s 

(1979 )  developmenta l  stud y (askin g childre n t o judg e 

whethe r  a  featur e applie s t o a  concept ,  e.g .  'ca n mi l k b e 

alive?' ,  the n compar in g featur e attributions) .  Th i s renders 

th e compar iso n betwee n th e t w o studie s s o m e w h a t  indirect . 

O ur  implementatio n o f  th e m o d e l  w a s extende d t o includ e a 

measur e o f  respons e latenc y (th e cascad e m e c h a n i s m 

develope d b y McCle l land ,  1979 )  tha t  allowe d u s t o 

investigat e semanti c pr imin g effect s (fo r  detail s se e Hartley , 

i n prep.) .  Thes e experiment s demonstrate d tha t  semanti c 

pr imin g i n th e m o d e l  i s  particularl y sensitiv e t o th e 

type/toke n distribution s o f  conceptua l  an d featura l 

informatio n i n th e trainin g s e t — inappropriat e distribution s 

generat e pr imin g effect s quit e differen t  f r o m thos e describe d 

i n th e h u m a n pr imin g literature .  T h e dat a se t  use d fo r 

trainin g th e ne twor k b y McC le l l an d e t  al .  an d ourselve s w a s 

no t  influence d a t  al l  b y distribution s obtaine d f ro m eithe r 

adul t  o r  chil d data .  T h e s e observation s sugges t  tha t  th e 

curren t  m o d e l  ca n provid e onl y limite d insigh t  int o th e 

operatio n an d deve lopmen t  o f  chil d semanti c m e m o r y . 

O ur  proposa l  i s  t o investigat e connectionis t  m o d e l s o f 

semanti c m e m o r y withi n a  m o r e explicitl y  developmenta l 

f ramework—tra in in g m o d e l s o n dat a collecte d f r o m studie s 

wit h children ,  an d evaluatin g t h e m b y direc t  compar iso n 

wit h behaviora l  measures .  T h e m a i n stud y describe d i n thi s 

pape r  present s th e result s o f  a  categor y fluency  stud y 

illustratin g th e deve lopmen t  o f  children' s know ledg e 

structure s fo r  th e animal s an d bod y part s categories .  T h e 

result s o f  thi s stud y ar e currentl y bein g extende d wit h a 

serie s o f  experiment s o n children' s concep t  an d featur e 

know ledg e i n orde r  t o provid e developmenta l  dat a fo r  futur e 

connectionis t  modelling . 

The Category Fluency Task 

Th e categor y (semantic )  fluency  tas k ha s bee n use d i n 

severa l  studie s investigatin g th e developmen t  o f  knowledg e 

organisatio n i n childre n (e.g .  Grub e &  Hasselhom ,  1996 ; 

Kai l  &  Nippold ,  1984 ;  Storm ,  1980) .  Thi s procedur e 

require s participant s t o generat e a s man y exemplar s o f  a 

categor y a s possibl e i n a  give n lengt h o f  time .  I t  m a y b e 

assume d tha t  whe n a  wor d o r  concep t  i s activate d (generated) , 

i t  wil l  i n tur n activat e othe r  word s o r  concept s whic h ar e 

semanticall y simila r  o r  associativel y relate d t o it .  Suc h a n 

assumptio n i s wel l  supporte d b y evidenc e fro m numerou s 

semanti c primin g studie s (se e Neely ,  1991) .  Th e orde r  i n 

whic h word s ar e recalle d ca n therefor e b e assume d t o indicat e 

th e psychologica l  proximit y o f  th e item s produced .  Henle y 

(1969 )  provide d evidenc e t o suppor t  thi s assumptio n b y 

demonstratin g tha t  animal s o f  clos e psychologica l  proximit y 

ar e name d i n close r  proximit y i n lists . 

Fluenc y studie s hav e generall y concentrate d o n th e 

categor y o f  animals ,  a s on e whic h i s familia r  t o mos t 

children .  I n additio n t o increase d productio n frequency  wit h 

age ,  th e findings  hav e typicall y show n a  tendenc y fo r  th e 

children' s response s t o b e clustere d base d o n 

habitat/environmenta l  contex t  (e.g .  thos e whic h liv e o n 

farms ,  thos e f ro m tropica l  place s etc. )  an d fo r  olde r  childre n 

t o produc e large r  clusters .  G r u b e an d Hasselhor n (1996) ,  an d 

Sto r m (1980 )  observe d olde r  childre n t o us e a  greate r  n u m b e r 

o f  stron g inter-ite m association s (e.g .  lion-tiger )  i n thei r 
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responses .  Thes e result s certainl y sugges t  quantitativ e 

change s i n th e child' s knowledg e base ,  bu t  provid e limite d 

insigh t  int o change s i n knowledg e structures .  Stor m (1980 ) 

attempte d t o find  evidenc e fo r  developmenta l  chang e i n th e 

structur e o f  children' s knowledg e o f  animals ,  however ,  sh e 

was unabl e t o sho w an y substantia l  difference s i n 

organisatio n o f  concep t  cluster s betwee n age s 5  t o 1 1 years . 

Th e presen t  stud y wa s stimulate d b y th e nee d t o provid e 

dat a o n th e developmen t  o f  interna l  knowledg e structure s t o 

be compare d t o tha t  obtaine d fro m existin g an d futur e 

connectionis t  models .  However ,  i t  wa s als o motivate d b y 

th e curiou s fac t  tha t  Storm' s (1980 )  stud y ha d faile d t o sho w 

any progressio n (fro m coarse r  t o finer  detail )  i n childre n aki n 

t o tha t  describe d b y McClellan d e t  al .  (1995) ,  o r  tha t  migh t 

be expecte d give n Keil' s  (1979 ,  1989 )  findings.  Ther e ar e 

severa l  reason s w h y thi s migh t  hav e bee n th e case . 

First ,  Stor m analyse d concept s whic h a  majorit y o f 

childre n wer e show n t o b e abl e t o name ,  i n a  separat e pictur e 

namin g task ,  rathe r  tha n thos e whic h ha d occurre d wit h hig h 

frequenc y durin g th e fluenc y task .  Sinc e pictur e namin g 

involve s somewha t  differen t  memoria l  processe s (visua l 

recognitio n an d wor d recall )  tha n concep t  generatio n thi s 

coul d hav e a n influenc e o n th e patter n o f  result s obtained . 

Th e presen t  stud y therefor e focuse s o n th e mos t  frequen t 

response s mad e durin g th e categor y fluency  tas k acros s ag e 

groups . 

Second ,  knowledg e o f  animal s develop s earl y i n childre n 

(Clark ,  1995) ,  s o i t  i s  possibl e that ,  b y th e tim e Stor m 

teste d he r  subjects ,  a  developmenta l  progressio n i n 

conceptua l  knowledg e ha d alread y take n place ,  eve n fo r  th e 

younges t  children .  Late r  change s m a y b e somewha t  subtl e 

and therefor e mor e difficul t  t o detect .  T o addres s thi s issue , 

some researcher s hav e attempte d t o asses s th e conceptua l 

knowledg e o f  childre n belo w schoo l  ag e an d o f  infant s (e.g . 

Gelman ,  1988 ;  Mandler ,  1993 ;  Oakes ,  Coppag e &  Dingel , 

1997) .  Althoug h th e result s o f  thes e studie s hav e bee n o f 

grea t  value ,  ther e ar e recognise d difficultie s i n assessin g th e 

breadt h o f  a  child' s knowledg e give n th e communicatio n 

problem s tha t  aris e wit h childre n o f  thi s age .  Th e curren t 

stud y therefor e too k a  differen t  approach ,  whic h wa s t o 

investigat e a  secon d categor y o f  conceptua l  knowledge ,  tha t 

of  huma n bod y parts ,  whic h m a y continu e t o develo p late r 

i n childhoo d (Meadows ,  1993) . 

Third ,  th e hierarchica l  cluste r  analysi s metho d use d b y 

Stor m impose s sever e constraints ,  suc h tha t  wit h disjoin t 

clusters ,  al l  intra-cluste r  distance s ar e smalle r  tha n inter -

cluste r  distances ,  an d al l  inter-cluste r  distance s ar e equal . 

Similarit y measure s derive d ft-om  categor y fluency  dat a 

generall y violat e suc h constraints .  Th e ADDtre e algorith m 

(Sattat h &  Tversky ,  1977 )  provide s a  mor e flexible 

clusterin g metho d allowin g representatio n o f  differen t  inte r 

and intra-cluste r  distances ,  leadin g t o a  mor e faithfu l 

representatio n o f  th e data .  ADDtre e analysi s ha s bee n 

successfull y employe d t o investigat e conceptua l  structur e i n 

adul t  semanti c m e m o r y (  Cha n e t  al. ,  1993 ;  Sattat h & 

Tversky ,  1977) .  Th e presen t  p^je r  use s th e ADDtre e 

algorith m an d demonstrate s ho w thi s techniqu e m a y b e use d 

t o loo k a t  change s i n th e structur e o f  conceptua l  knowledg e 

as indicate d b y performanc e i n th e fluency  task . 

Method 

Participant s 16 7 childre n fro m tw o schools ,  on e i n 

Sheffield ,  U K ,  th e othe r  i n Cheshire ,  U K ,  wer e involve d i n 

th e study .  Thre e group s o f  childre n participate d i n schoo l 

year s 1  (equivalen t  t o U S first  grade) ,  3 ,  an d 5 .  Ther e wer e 

6 0 childre n i n th e yea r  1  group ,  mea n ag e 6: 1 years ,  rang e 

5: 7 t o 6:6 ;  5 4 i n yea r  3 ,  mea n ag e 8:4 ,  rang e 7:1 0 t o 8:10 ; 

and 5 3 i n yea r  5 ,  mea n ag e 10:1 ,  rang e 9: 3 t o 10:9 .  Al l  o f 

th e childre n spok e Englis h a s thei r  first  language . 

Administration of the BPVS and Category 

Fluenc y T a s k s Th e childre n wer e teste d individuall y a t 

school ,  i n a  quie t  area .  Th e shor t  for m Britis h Pictur e 

Vocabular y Scal e ( B P V S )  (Dunn ,  1982 )  wa s administere d t o 

al l  childre n t o asses s receptiv e vocabulary .  Eac h chil d the n 

complete d tw o tasks ,  whic h wil l  b e hencefort h referred  t o a s 

th e 'animal s task '  an d th e 'bod y part s task' .  Hal f  o f  th e 

childre n i n eac h clas s wer e aske d t o complet e th e animal s 

tas k first  followe d b y th e bod y part s task ,  th e othe r  hal f  vic e 

versa .  Fo r  th e animal s task ,  th e chil d wa s aske d nam e a s 

many differen t  animal s a s the y coul d thin k o f  i n on e minute , 

similarl y fo r  th e bod y part s task ,  the y wer e aske d t o nam e a s 

many differen t  part s o f  th e bod y a s the y coul d i n on e 

minute . 

Obtaining Similarity Scores The fluency task 

provide d separat e list s o f  animal s an d bod y part s produce d b y 

eac h child ,  i n productio n order .  Targe t  concept s wer e chose n 

fo r  analysi s (1 3 animal s an d 1 2 bod y parts )  o n th e basi s tha t 

the y occurre d withi n th e to p twent y mos t  frequently 

produce d response s fo r  al l  ag e groups .  Si x matrice s ( 3 yea r 

group s x  2  categories )  o f  distanc e measure s betwee n pair s o f 

term s wer e derive d usin g th e followin g algorith m (modifie d 

fro m Cha n e t  al ,  1993) ,  t o contro l  fo r  difference s i n 

productio n frequenc y betwee n term s an d ag e groups : 

^ij k=i "t 

Here ,  fo r  term s /  an d j ,  D, j  i s  th e distanc e recorded  i n th e 

matri x fo r  th e tw o terms ,  d̂ t  i s  th e measure d distanc e 

betwee n th e term s fo r  participan t  k  (proportiona l  t o th e 

number  o f  intervenin g terms) ,  T̂ j  i s  th e tota l  numbe r  o f 

subject s w h o response s containe d th e pai r  i  m d j ,  an d n ^  i s 

th e tota l  numbe r  o f  response s fo r  subjec t  k .  Furthe r  detail s 

of  thi s algorith m ar e give n i n Cha n e t  al .  (1993 )  an d Hartle y 

(i n prep.) . 

Results and Discussion 

Production frequency 1 factor ANOVA revealed highly 

significan t  overal l  increase s wit h ag e i n th e tota l  numbe r  o f 

response s give n fo r  bot h th e animal s (F(2,164)=67.731 ; 
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ixO.OOOl )  an d bod y part s (F(2,164)=62.204 ;  p<0.0001 ) 

task s (se e tabl e 1) .  Th e ra w B P V S score s an d productio n 

frequenc y showe d a  significan t  positiv e correlatio n 

(p<0.0(X)l )  suggestin g tha t  th e increas e i n productio n 

frequenc y i s related  t o increase d vocabular y size .  I n othe r 

words ,  th e increas e i n productio n frequenc y suggest s tha t  th e 

children' s conceptua l  knowledg e bas e i s  increasin g ove r  th e 

age rang e investigated . 

Representing category structure ADDtree analysis 

was applie d t o th e distanc e measure s t o buil d a 

representatio n o f  th e categor y structur e o f  th e children' s 

knowledg e o f  animal s an d bod y parts .  Th e ADDtre e progra m 

use d wa s tha t  writte n b y Corte r  (1982) .  Th e resultin g tree s 

ar e show n i n figure s 2  an d 3 .  Not e tha t  th e signal-to-nois e 

rati o i s highe r  tha n fo r  th e artificia l  dat a show n i n figur e 1 

(thi s i s indicate d b y th e generall y shorte r  length s o f  interna l 

arc s i n th e ADDtrees) .  Thi s i s t o b e expecte d give n th e 

natur e o f  th e task ,  th e us e o f  chil d subjects ,  an d th e large r 

number  o f  concept s analysed . 
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Tabl e 1 :  M e a n numbe r  o f  responses  fo r  categor y fluency 

task s (standar d deviation s i n brackets ) 

Year Animal s Body Part s 

1 9.20 0 (2.730 )  9.45 0 (3.520 ) 

3 13.037(3.376 )  12.574(4.183 ) 

5 16.37 7 (3.834 )  17.98 1 (4.555 ) 

pig) in years 1 and 5 and to a lesser degree in year 3. There 

was som e evidenc e fo r  chang e i n th e organisatio n o f 

concepts ,  however ,  possibl y reflectin g th e broadenin g o f 

children' s knowledge .  Fo r  example ,  'cat '  i s  close r  t o th e 

cluste r  o f  bi g cat s (tige r  an d lion )  withi n th e wil d animal s 

cluster ,  fo r  yea r  5  children ,  tha n fo r  younge r  children .  Thi s 

m ay sugges t  a  developmen t  o f  taxonomi c association s i n 

additio n t o thos e o f  habita t  outline d i n previou s studies .  I n 

yea r  5 ,  elephan t  an d giraff e for m a  mor e distinc t  cluste r 

possibl y because ,  i n additio n t o bein g exotic ,  the y ar e 

recognise d a s bein g larg e animals .  Analyse s o f  adul t  dat a 

hav e ofte n foun d siz e t o b e th e secon d mos t  significan t 

facto r  afte r  environmen t  i n determinin g conceptua l 

relationship s betwee n animal s (Cha n e t  al. ,  1993 ;  Henley , 

1969;) . 

ar m 

yea r  1 

han d 
elbo w 

kne e 

ar m 

yea r  3 

han d 
elbo w 

ar m 

han d 
elbo w 

year s kne e 

Figur e 2 :  ADDtre e showin g difference s i n conceptua l 

structur e o f  anima l  knowledg e fo r  childre n i n differen t  ag e 

group s (year s 1 ,  3 ,  an d 5  correspon d t o mea n age s o f 

approximatel y 6 ,  8  an d 1 0 years) . 

In accordance with the results of Storm (1980), analysis of 

th e anima l  dat a reveale d majo r  cluster s o f  wild/exoti c (tiger , 

lion ,  elephant ,  giraffe )  an d far m animal s (horse ,  cow ,  sheep . 

Figur e 3 :  ADDtre e showin g difference s i n conceptua l 

structur e o f  bod y par t  knowledg e fo r  childre n i n differen t  ag e 

groups . 

Progressive change in conceptual structure was perhaps 

mor e eviden t  fo r  bod y part s tha n fo r  animal s (se e figur e 3) . 

Th e childre n i n al l  year s distinguishe d a  cluste r  o f  sens e 

organ s (eye ,  ea r  an d nose) ,  however ,  thi s become s 
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progressivel y mor e distinctiv e wit h ag e formin g a  well -

define d majo r  cluste r  i n th e yea r  5  group .  Th e yea r  1  childre n 

showed additiona l  sub-cluster s o f  digit s (toe ,  finger)  an d ar m 

part s (hand ,  elbow) ,  an d th e yea r  3  childre n a  cluste r  o f 

joint s (knee ,  elbow) ,  however ,  overal l  th e yea r  5  grou p 

agai n show s th e greates t  differentiatio n o f  concept s wit h a 

larg e cluste r  o f  'limb s an d attachments '  sub-dividin g int o 

cluster s o f  limb s (ar m an d leg) ,  attachment s (foo t  an d hand) , 

and joint s (elbo w an d knee) . 

General Discussion 

The result s provid e stron g suppor t  fo r  observation s i n 

previou s studie s tha t  childre n produc e mor e exemplar s wit h 

increasin g age .  Thu s a n importan t  developmenta l  tren d tha t 

needs t o b e capture d i n th e modellin g wor k i s th e 

quantitativ e increas e i n conceptua l  knowledg e wit h age . 

Wit h respec t  t o th e anima l  dat a th e curren t  stud y confirm s 

previou s report s (e.g .  Corter ,  1982 ;  Grub e &  Hasselhora , 

1996 ;  Kai l  &  Nippold ,  1984 ;  Storm ,  1980 )  tha t  anima l 

concept s ar e generall y clustere d i n term s o f 

habitat/environmenta l  context .  Th e result s showe d n o clea r 

evidenc e o f  a  tren d towar d finer  discriminatio n betwee n 

concept s wit h age ,  however ,  som e evidenc e o f  subtl e 

development s i n conceptua l  structure s wit h ag e wer e foun d 

whic h coul d b e followe d u p i n futur e studie s (fo r  instance , 

th e suggestio n tha t  olde r  childre n ma y b e mor e influence d b y 

taxonomi c categor y o r  ma y mak e finer  discrimination s o n 

th e basi s o f  anima l  size) . 

Thi s i s th e first  stud y t o loo k a t  children' s semanti c 

memory fo r  bod y part s usin g th e categor y fluency  task .  Th e 

result s fo r  thi s domai n sho w som e clusterin g o f  bod y part s 

wit h simila r  functiona l  statu s i n al l  thre e group s whic h i s 

much bette r  define d i n yea r  5  wher e ther e ar e mor e 

pronounce d cluster s fo r  sens e organs ,  limbs ,  attachments , 

and joints .  Thes e change s provid e som e suppor t  fo r  th e 

notio n o f  a  progressio n fro m childre n makin g coarse r  t o 

thei r  makin g finer  distinction s wit h age . 

Bjorklun d (1985 )  ha s argue d tha t  whe n differen t  ag e 

group s hav e equa l  knowledg e o f  a  conceptua l  domai n ther e 

wil l  b e n o differenc e observe d i n performanc e o n task s whic h 

investigat e knowledg e structure .  Sinc e knowledg e o f  animal s 

develop s early ,  i t  i s  likel y tha t  t o a  greate r  exten t  th e 

knowledg e o f  th e olde r  an d younge r  childre n i s similar . 

Althoug h knowledg e o f  som e bod y part s i s acquire d a t  a n 

earl y ag e mor e knowledg e i s acquire d late r  durin g schoolin g 

(Meadows ,  1993) .  Thi s coul d explai n wh y ther e i s mor e 

evidenc e o f  conceptua l  chang e i n th e bod y part s data . 

I t  i s  possibl e tha t  usin g onl y thos e concept s name d 

frequentl y b y childre n i n al l  thre e yea r  group s yield s result s 

tha t  d o no t  d o justic e t o th e diversit y o f  th e olde r  children' s 

knowledge .  Preliminar y analyse s o f  th e to p 2 0 response s 

fi-om  eac h yea r  grou p ha s therefor e als o bee n carrie d out . 

Thes e result s illustrat e furthe r  subtl e change s withi n th e 

categorie s o f  animals ,  an d th e developmen t  o f  structure d 

knowledg e o f  interna l  bod y part s (e.g .  heart ,  lung ,  brai n 

etc.) .  Categor y fluency  dat a ha s als o bee n collecte d fro m a 

rang e o f  othe r  semanti c domains ,  an d i s bein g analyse d fo r 

developmenta l  change s i n knowledg e structures .  W e hav e 

als o investigate d children' s explici t  similarit y judgement s 

fo r  anima l  concep t  pairs .  ADDtre e analysi s o f  th e result s 

reveal s a n almos t  identica l  clusterin g patter n a s tha t  obtaine d 

fro m categor y fluency,  showin g ou r  result s t o b e robus t 

wit h a n independen t  measur e o f  concep t  relatedness . 

Ther e i s muc h evidenc e t o suppor t  th e assumptio n tha t  th e 

orderin g o f  item s produce d i n a  categor y fluency  tas k reflect s 

interna l  knowledg e structure s (se e earlie r  summary) .  I t  ha s 

been suggested ,  however ,  tha t  change s i n wor d generatio n 

behavio r  coul d reflec t  th e developmen t  o f  metamemoria l 

skill s  (Hasselhorn ,  1992 )  rathe r  tha n a  chang e i n th e 

underlyin g knowledge .  I n othe r  words ,  olde r  childre n may 

use specifi c  strategie s t o mak e thei r  recal l  mor e efficient — 

e.g .  the y ma y purposefull y decid e t o produc e a s man y far m 

animal s a s the y can ,  nam e part s o f  th e face ,  etc .  Bjorklun d 

(1985 )  ha s investigate d thi s possibilit y  an d suggest s tha t 

althoug h olde r  childre n ar e abl e t o us e strategie s t o ai d thei r 

recall ,  th e us e o f  thes e strategie s depend s upon ,  an d i s 

supporte d by ,  thei r  conceptua l  knowledg e structures .  Ou r 

result s fro m th e similarit y judgement s stud y provid e furthe r 

suppor t  fo r  this .  I t  i s  unlikel y then ,  tha t  th e change s i n 

categor y knowledg e note d fo r  th e categor y fluency  dat a ar e 

due solel y t o th e developmen t  o f  metamemoria l  skills . 

The difficultie s involve d i n interpretin g empirica l  findings 

illustrat e th e nee d fo r  model s o f  semanti c memor y 

development .  Initia l  comparison s betwee n th e curren t  result s 

and thos e o f  McClellan d e t  al .  ar e promising .  Specifically , 

ther e ar e similaritie s betwee n th e developmenta l  trajectorie s 

i n th e connectionis t  mode l  an d th e bod y par t  dat a presente d 

her e (compar e figures  1  an d 3 )  bot h showin g mor e distinc t 

conceptua l  categorie s wit h training/age .  Muc h mor e coul d b e 

done ,  however ,  t o brin g th e modellin g wor k close r  t o th e 

empirica l  studies .  Th e presen t  stud y constitute s par t  o f  a n 

ongoin g projec t  whic h aim s t o provid e developmenta l  dat a 

fo r  constructin g futur e models .  Theoretica l  account s o f 

semanti c memor y generall y suppos e tha t  concept-relatednes s 

derive s fro m share d feature s o r  properties ,  an d mos t 

modellin g approache s begi n wit h thi s premise .  Fo r  example , 

i n th e McClellan d e t  al .  mode l  interna l  concep t 

representation s ar e derive d b y trainin g th e networ k wit h 

concept/relation/feature-lls t  triple s (e.g .  robin/isa/animal -

bird-etc) .  Therefor e i n additio n t o collectin g concep t  norm s 

and similarit y judgement s w e ar e als o investigatin g propert y 

norms an d children' s attribution s o f  propertie s t o concepts . 

These experiment s shoul d provid e a  furthe r  mean s fo r  testin g 

th e hypothesi s tha t  childre n mak e finer  distinction s betwee n 

concept s wit h age ,  an d wil l  allo w th e constructio n o f 

connectionis t  model s tha t  bea r  mor e direc t  compariso n wit h 

developmenta l  data . 
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