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A g e o f  Acquisition ,  Lexica l  Processin g an d Ageing :  C h a n g e s Acros s th e Lifespa n 

Catriona M. Morrison (Morrison@cardiff.ac.uk) 
Schoo l  o f  Psychology ,  Cardif f  University , 

P.O.  B o x 901 ,  Cardiff ,  CF l l  3 Y G ,  Wales ,  U.K . 

A n d r e w W .  Ellis ,  Universit y o f  Y o r k (A.El l is@psych.york.ac.uk ) 
Departmen t  o f  Psychology ,  Universit y o f  York , 

Heslington ,  York ,  Y O l  5 D D ,  England ,  U.K . 

Abstrac t 

An important detenninant of picture and word naming speed 
i s th e ag e a t  whic h th e word s wer e learned ,  tha t  is ,  thei r  ag e 
of  acquisitio n (AoA) .  T w o possibl e interpretation s o f  thes e 
effect s ar e tha t  the y reflec t  difference s betwee n word s i n 
thei r  cumulativ e frequenc y o f  use ,  o r  tha t  the y reflec t  differ -
ence s i n th e amoun t  o f  tim e early -  an d late-acquire d word s 
hav e spen t  i n lexica l  memory .  Bot h theorie s predic t  tha t 
difference s betwee n early -  an d late-acquire d word s wil l  b e 
smalle r  i n olde r  tha n younge r  adults .  W e repor t  thre e ex -
periment s i n whic h younge r  an d olde r  adult s rea d word s 
varyin g i n A o A o r  frequency,  o r  name d object s varyin g i n 
AoA.  Ther e wa s n o effec t  o f  wor d frequenc y whe n Ao A wa s 
controlled .  I n contrast ,  stron g A o A effect s whic h di d no t 
diminis h wit h ag e wer e found .  Th e implication s o f  thes e re -
sult s fo r  theorie s o f  ho w A o A affect s lexica l  processin g ar e 
discussed . 

I n t r o d u c t i o n 

Recent evidence suggests that AoA, and not word fie-
quency ,  i s th e mos t  importan t  detenninan t  o f  lexica l  process -
in g spee d (e.g. ,  Morrison ,  Elli s &  Quinlan ,  1992 ;  Morriso n 
& Ellis ,  1995) .  Hig h firecpiency  word s ten d t o b e learne d 
earlie r  i n lif e tha n lo w frwjuency  words ,  s o frequenc y an d 
wor d learnin g ag e correlat e highl y (typically ,  aroun d r  =  .6) . 
The consequenc e o f  thi s natura l  correlatio n i s tha t  wor d set s 
matche d fo r  frequenc y ar e hkel y t o b e confounde d o n A o A . 
We argu e thi s confoundin g o f  frequenc y wit h A o A ha s re -
sulte d i n a n overestimatio n o f  th e rol e o f  frequenc y i n deter -
minin g wor d namin g speed .  Effect s o f  wor d frequenc y i n 
objec t  namin g hav e bee n claime d b y a  numbe r  o f  author s 
w ho hav e faile d t o contro l  fo r  difference s i n A o A (e.g. .  Old -
fiel d &  Wingfield ,  1965 ;  Jeschenia k &  Levelt ,  1994) ,  ye t 
w h en th e tw o variable s ar e controlle d statisticall y th e effec t  o f 
A o A appear s robus t  whil e th e independen t  effec t  o f  frequenc y 
fail s t o achiev e significanc e i n mos t  studie s (e.g. ,  Morriso n 
et  al. ,  1992 ;  Vitkovitc h &  Tyrell ,  1995) . 

Cumulative Frequency and Residence Time 
A c c o u n t s o f  A o A Effect s 

H o w coul d th e ag e a t  whic h a  wor d i s learne d com e t o af -
fec t  th e spee d wit h whic h i t  ca n b e produce d i n respons e t o a 
writte n wor d o r  a  picture ? Gilhool y an d Watso n (1981 ) 
propose d a n explanatio n base d o n Morton' s (1979 )  logoge n 
model  o f  wor d recognitio n an d production .  Accordin g t o 
tha t  model ,  th e spoke n form s o f  word s tha t  ar e produce d i n 

wor d an d pictur e namin g task s ar e store d in ,  an d retrieved 
from ,  th e speec h outpu t  logoge n system .  The y suggeste d 
tha t  th e threshold s o f  individua l  logogen s migh t  b e deter -
mine d b y A o A ,  wit h early-leame d word s havin g lowe r 
thresholds ,  an d henc e bein g easie r  t o access ,  tha n later -
learne d words .  B r o w n an d Watso n (1987 )  an d Morriso n an d 
Elli s  (1995 )  hav e propose d somewha t  diBferen t  account s 
whic h nevertheles s shar e Gilhool y an d Watson' s bebe f  tha t 
A o A effect s li e i n th e spee d wit h whic h spoke n word-form s 
ca n b e accessed . 

These proposals all share in common the idea that word 
learnin g ag e i s th e facto r  underlyin g th e A o A effec t  th e ac -
cessibilit y  o f  a  wor d i s determine d a t  th e tim e i t  i s  acquire d 
and remain s mor e o r  les s unchange d thereafter .  Previou s 
studie s hav e tentativel y suggeste d A o A effect s ar e no t  re-
ducibl e t o cumulativ e frequenc y (Carrol l  an d White ,  1973 ) 
or  residenc e tim e (Gilhooly ,  1984 )  an d hav e le d t o th e con -
clusio n tha t  whateve r  determine d th e accessibilit y  o f  word s 
i n th e menta l  lexico n i s mor e o r  les s fixed  a t  th e tim e th e 
wor d i s learned . 

The present experiments take a different approach to evaluat-
in g Ui e rival  account s o f  A o A effects .  Irnagin e tw o words , 
one o f  whic h i s acquire d earl y i n childhoo d a t  th e ag e o f  2 
year s whil e th e othe r  i s acquire d late r  a t  th e ag e o f  10 .  B y 
th e tim e a  perso n i s 2 0 year s ol d th e early-acquire d won l 
wil l  hav e bee n residen t  i n memor y fo r  1 8 year s whil e th e 
late-acquire d wor d wil l  hav e bee n residen t  fo r  1 0 years .  B y 
th e tim e tha t  perso n ha s reached  th e ag e o f  70 ,  th e early -
acquire d wor d wil l  hav e bee n residen t  i n memor y fo r  6 8 
year s whil e th e late-acquire d wor d wil l  hav e bee n residen t  for 
60 years .  Th e absolut e differenc e i s stil l  8  years ,  bu t  i n pro -
portiona l  term s th e differenc e i s residence time  betwee n th e 
tw o word s i s greate r  fo r  th e 20-year-ol d tha t  fo r  th e 70-year -
old .  Hence ,  i f  A o A effect s ar e du e t o difference s m residence 
time ,  the n difference s betwee n early -  an d late -  acquire d word s 
shoul d graduall y diminis h a s a  perso n grow s older .  Cumu -
lativ e frequenc y i s  jus t  residence  tim e multiplie d b y th e 
number  o f  time s a  wor d i s encountere d o r  use d eac h year .  F 
we mak e th e simplifyin g assumptio n tha t  th e tw o word s ar e 
matche d i n term s o f  th e frequency ,  the n th e sam e predictio n 
hold s fo r  th e cumulativ e frequency  hypothesi s o f  A o A a s for 
th e residenc e time  hypothesis :  diBference s i n cumulativ e fie-
quenc y whic h ar e substantia l  w h e n a  perso n i s  youn g wil l 
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become les s significan t  a s th e perso n grow s older .  Tha t  is , 
th e cumulativ e frequenc y hypothesis ,  lik e th e residenc e tim e 
hypothesis ,  predict s tha t  A o A effect s wil l  diminis h wit h age . 
I n contrast ,  th e theoi y tha t  wor d learnin g ag e pe r  s e predict s 
tha t  A o A effect s wil l  b e a s larg e i n ol d peopl e a s i n youn g 
people .  Th e presen t  Experiment s 1  employ s th e wor d nam -
in g tas k t o discove r  whethe r  o r  no t  th e eflfec t  o f  A o A vane s 
i n younge r  an d olde r  participants .  Experimen t  2  look s for 
effect s o f  frequenc y i n th e tw o groups .  Experimen t  3  exam -
ine s th e effec t  o f  A o A o n objec t  namin g spee d i n group s o f 
participant s o f  differen t  ages . 

Experiments 1 and 2 

I n Experiment s 1  an d 2 ,  w e compare d wor d namin g per -
formanc e i n a  grou p o f  youn g adul t  participant s an d a  grou p 
of  olde r  adults .  Th e wor d set s use d eithe r  varie d o n A o A 
wit h wor d fiequency  controlle d (Experimen t  1 )  o r  varie d o n 
wor d frequenc y wit h A o A controlle d (Experimen t  2) . 

Method 

Participants .  Th e youn g adul t  grou p comprise d 1 2 un -
dergraduate s a t  th e Universit y o f  York ,  wit h a  mea n ag e c f 
20. 2 year s (rang e 18-25) .  The y wer e pai d £ 2 o r  give n a 
cours e credi t  fo r  thei r  participation .  Th e 1 2 member s o f  th e 
olde r  adu U grou p ha d a  mea n ag e o f  44. 1 year s (rang e 38 -
55) .  The y wer e matur e student s fro m th e Psycholog y De -
partment ,  attendant s a t  a n Ope n Universit y S u m m er  Schoo l 
or  Psycholog y teachin g staff . 

Stimul i  Th e stimul i  wer e wor d set s previousl y use d i n a 
wor d namin g stud y b y Morriso n an d Elli s  (1995) .  Th e 
wor d set s fo r  Experimen t  1  consiste d o f  2 4 earl y an d 2 4 lat e 
acquire d word s matche d fo r  frequenc y an d length .  Anothe r 
tw o set s o f  2 4 word s forme d th e stimul i  fo r  Experimen t  2 . 
Thes e consiste d o f  hig h an d lo w finequency  word s matche d 
fo r  A o A an d length . 

Procedur e Th e experiment s wer e conducte d usin g a 
Macintos h conyjute r  an d th e stimul i  wer e presente d vi a a 
HyperCar d program .  A  fixatio n do t  appeare d i n th e centr e c f 
th e scree n fo r  50 0 millisecond s befor e eac h wor d wa s pre -
sented .  Stimul i  wer e positione d suc h tha t  th e initia l  lette r  o f 
each wor d appeare d wher e th e fixatio n do t  ha d been .  Ther e 
was a n interstimulu s interva l  o f  100 0 millisecond s befor e th e 
next  fixatio n do t  appeared .  W h e n th e wor d appeared ,  a 
squar e wav e signa l  wa s sen t  fro m th e compute r  t o a  tap e 
recorder .  Namin g response s wer e recorded  o n tap e vi a a  hig h 
sensitivit y microphone .  Reactio n time s wer e measure d fiom 
th e recordmg  o f  th e speaker' s utteranc e usin g th e SoundEdi t 
progra m (se e Morriso n &  Ellis ,  1995 ,  fo r  details) . 

Participant s wer e tol d tha t  th e experimen t  wa s aime d a t 
measurin g th e spee d a t  whic h peopl e coul d nam e word s an d 
the y wer e aske d t o nam e th e word s a s quickl y an d accuratel y 
as possible .  The y wer e instructe d t o sa y onl y th e targe t 
word ,  an d wer e w a m e d tha t  mispronunciation s o r  verba l 
hesitation s woul d invalidat e thei r  response .  Th e experimen t 
bega n wit h 2 0 practic e items . 

Result s 

Al l  score s representin g incorrec t  response s o r  verba l  hesita -
tions  wer e remove d fro m th e analyses .  Thi s amounte d t o 3 4 
responses  i n tota l  (a n erro r  rat e o f  1.5%) . 

Experimen t  1 .  Mean s wer e calculate d fo r  th e earl y an d 
lat e A o A word s an d al l  response s falhn g mor e tha n tw o an d 
a hal f  standar d deviation s fro m th e mea n wer e removed . 
Means wer e recalculate d b y subject s an d b y item s an d th e 
dat a wer e analysed .  Th e by-item s dat a ar e show n m Tabl e 1 . 

Two-wa y analyse s o f  varianc e wer e earne d ou t  wit h par -
ticipant  ag e (young/old )  a s th e between-subject s facto r  an d 
A o A o f  th e word s (earlyAate )  a s th e within-subject s factor . 
Ther e wa s n o significan t  effec t  o f  participan t  ag e eithe r  b y 
subjects ,  Fi(l,22 )  =  .02 ,  M S E =  244.8 ,  p  =  .90 ,  o r  b y 
items ,  F2(l,46 )  =  .42 ,  M S E =  467.3 ,  p  =  .50 .  Th e effec t  c f 
A o A wa s highl y sigrufican t  bot h b y subjects ,  Fi(l,22 )  = 
35.07 ,  M S E =  20232.7 ,  p  <  .0001 ,  an d b y items ,  F2(l,46 ) 
= 31.3 ,  M S E = 41669.6 ,  p  <  .0001 .  Ther e wa s n o indica -
tion  o f  a  significan t  interactio n betwee n participan t  ag e an d 
A o A eithe r  b y subjects ,  Fi (  1,22 )  =  1  25 ,  M S E =  718.58 ,  p 
= .28 ,  o r  b y items ,  ̂ 2(1,46 )  =  .35 ,  M S E =  465.3 ,  p  = 
.5687 .  Tha t  is ,  th e A o A effec t  wa s o f  simila r  magnitud e for 
th e younge r  an d olde r  participants . 

Experimen t  2 .  Mean s wer e calculate d fo r  th e hig h an d 
lo w frequenc y word s an d al l  response s fallin g mor e tha n tw o 
and a  hal f  standar d deviation s fio m th e mea n wer e removed . 
Means wer e recalculate d b y subject s an d b y item s an d th e 
dat a wer e analysed .  Th e by-item s dat a ar e show n i n Tabl e 1 . 

Two-wa y analyse s o f  varianc e wer e carrie d ou t  wit h par -
ticipant  ag e (young/old )  a s th e between-subject s facto r  an d 
wor d frequenc y (high/low )  a s th e within-subject s factor . 
Agai n ther e wa s n o significan t  effec t  o f  participan t  ag e eithe r 
by subjects ,  Fi(l,22 )  =  .003 ,  M S E =  29.6 ,  p  =  .96 ,  o r  b y 
items ,  F2(l,46 )  =  .05 ,  M S E =  29.03 ,  p  =  .82 .  Th e effe a o f 
fiequency  wa s als o nonsignifican t  i n bot h th e by-subject s 
analysis ,  Fi(l,22 )  =  1.58 ,  M S E =  457.6 ,  p  =  .22 ,  an d th e 
by-item s analysis ,  F2(l,46 )  =  .88 ,  M S E =  634.02 ,  p  =  .35 . 
The interactio n betwee n ag e an d frequenc y approache d sig -
nificanc e i n th e by-subject s analysis ,  Fi(l,22 )  =  3.63 ,  M S E 
= 1049 ,  p  =  .07 ,  wit h th e youn g adul t  grou p tendin g t o 
sho w mor e o f  a n effec t  o f  frequency  tha n th e olde r  group ,  bu t 
th e interactio n wa s fa r  from  bein g significan t  i n th e by-item s 
analysis ,  F2(l,46 )  =  1.72 ,  M S E =  634.02,/ j  =  .20 . 

Discussion 

Experimen t  1  foun d a  clea r  effec t  o f  A o A o n wor d namin g 
spee d whic h wa s a s larg e i n olde r  a s i n younge r  subjects . 
Thi s patte m i s contrar y t o th e predictio n o f  cumulativ e fie-
quenc y hypothesi s tha t  ther e wil l  b e a  reductio n i n th e A o A 
^ec t  i n th e olde r  grou p compare d wit h th e younge r  group . 
Experimen t  2  als o rephcate s Morriso n an d Elli s  (1995 )  i n 
findin g n o effec t  o f  frequenc y o n wor d namin g onc e A o A i s 
controlled . 

The olde r  participant s responde d jus t  a s quickl y a s th e 
younge r  participant s i n namin g th e words .  Th e averag e ag e 
of  ou r  olde r  participant s wa s ove r  twic e tha t  o f  ou r  younge r 
participants ,  s o th e experimen t  constitute d a  fai r  tes t  o f  th e 
cumulativ e frequenc y hypothesi s o f  A o A effects .  However , 
th e olde r  participant s wer e onl y age d betwee n 3 8 an d 5 5 
year s s o ma y no t  hav e reache d th e ag e a t  whic h cognitiv e 
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slowin g become s apparen t  (althoug h w e not e tha t  previou s 
studie s o f  th e effect s o f  ag e o n wor d namin g faile d t o fm d 
significan t  slowin g wit h ag e despit e usin g a  wide r  rang e o f 
ages tha n wer e employe d her e [Cerell a &  Fozard ,  1984 ; 
W a u g h & B a r r ,  1980]) . 

Experiment 3 

Like Experiment 1, Experiment 3 is concerned with 
whethe r  A o A effect s chang e acros s th e adul t  lif e span .  I t 
differ s fro m Experimen t  1  i n thre e importan t  respects:  first ,  i t 
involve s th e namin g o f  picture s o f  object s rathe r  tha n reading 
word s aloud ;  second ,  th e participant s cove r  a  wide r  rang e o f 
ages tha n thos e i n Experimen t  1 ;  an d third ,  th e divisio n c f 
word s int o earl y an d late-acquire d i s base d o n normativ e dat a 
on children' s namin g rathe r  tha n o n adul t  estimate s o f  AoA . 

Becaus e th e presen t  investigatio n i s primaril y concerne d 
\ \  it h evaluatin g alternativ e theorie s o f  A o A effects ,  Experi -
ment  3  compare d th e namin g o f  object s wit h early -  an d late -
acquire d name s tha t  were  matche d o n frequenc y an d othe r 
objec t  an d wor d properties .  T o th e bes t  o f  ou r  knowledg e 
ther e hav e bee n n o previou s factoria l  investigation s o f  diflfer -
ence s i n objec t  namin g latenc y betwee n early -  an d late -
acquire d words . 

I n Experimen t  3 ,  th e object s wer e chose n t o b e one s whic h 
wil l  hav e bee n equall y commonplac e i n th e childhoo d expe -
rience  o f  peopl e b o m i n th e earl y decade s o f  thi s centur y an d 
thos e b o m i n th e 1970s .  A o A wa s determine d usin g norma -
tiv e dat a fro m children ,  take n fiom  Morriso n e t  al .  (1997) , 
rathe r  tha n usin g adul t  ratings  o f  wor d learnin g age ,  a s al l 
previou s studie s hav e done .  Th e youn g adult s were  agai n 
students .  Olde r  participant s wer e draw n fro m th e Nort h Eas t 
Age Researc h ( N E A R )  panel .  N E A R i s a  longitudina l  stud y 
of  cognitiv e processin g i n severa l  hundre d olde r  adult s i n 
Newcastle ,  England .  Mos t  pane l  member s hav e bee n in -
volve d i n research  fo r  a t  leas t  1 0 year s s o ther e i s substantia l 
dat a o n variou s measure s o f  thei r  languag e an d memor y per -
formance ,  allowin g u s t o selec t  th e participant s carefully . 

Method 

Participants .  Ther e were  thre e group s o f  participants . 
The youn g adult s wer e 1 7 psycholog y student s a t  th e Uni -
versit y  o f  Yor k wh o varie d i n ag e betwee n 1 8 an d 3 2 years , 
wit h a  mea n ag e o f  2 0 year s 7  months .  The y were  give n a 
cours e credi t  fo r  thei r  participation .  Th e olde r  participant s 
were  draw n firom  th e N E A R subjec t  pool .  Ther e were  3 2 
participant s i n eac h o f  tw o ag e group s -  60-6 9 yea r  old s an d 
80 + yea r  olds .  The y were  selecte d o n th e basi s tha t  the y 
score d highl y o n fou r  measure s o f  languag e abilit y  -  Mil l 
Hil l  test s o f  synony m judgemen t  an d wor d definitio n 
(Raven ,  1965) ,  an d th e Alic e He i m (AH )  test s o f  genera l  an d 
spatia l  reasonin g (Heim ,  1970) .  Al l  th e N E A R panellist s 
reported  tha t  the y wer e i n goo d healt h an d ha d norma l  o r 
corrected-to-norma l  vision .  The y wer e pai d £ 4 fo r  participa -
rion. 

Stimuli .  Th e experimenta l  stimul i  wer e 5 0 black-and -
whit e drawing s o f  objects ,  take n fro m th e pictur e se t  use d b y 
Morriso n e t  al .  (1997) .  Th e A o A score s upo n whic h pictur e 
selecUo n wa s base d wer e th e objectiv e norm s dat a reporte d 

by Morriso n e t  al ,  wh o obtaine d objectiv e measure s o f  Ao A 
fo r  th e name s o f  22 0 picture d object s from  childre n age d fro m 
2: 6 u p t o 10:11 .  Twent y five  picture s wer e selecte d tha t 
wer e know n t o childre n belo w th e ag e o f  2 6 months ;  thes e 
wer e th e early-acquire d items .  Th e late-acquire d item s ha d 
A o A score s o f  50. 5 months ,  o r  more .  Th e tw o set s o f  pic -
ture s wer e matche d pairwis e o n rate d visua l  complexity , 
name agreemen t  (th e degre e t o whic h speaker s giv e th e targe t 
name i n respons e t o th e picture) ,  Cobuil d combine d writte n 
and spoke n frequency  (Centr e fo r  Lexica l  Information ,  1993) , 
rate d imageabilit y  an d phonem e length . 

Procedure .  Th e stimul i  wer e presente d o n a  Macintos h 
computer ,  usin g SuperLa b software .  Participant s wor e a  se t 
of  headphone s wit h a  hig h sensitivit y microphon e attached . 
The microphon e wa s bnke d t o a  voic e ke y tha t  detecte d ver -
bal  response s an d relaye d reactio n time s t o th e computer .  A 
350 m s fixatio n do t  i n th e centr e o f  th e scree n cue d th e par -
ticipan t  fo r  th e ^pearanc e o f  di e stimulu s whic h immedi -
atel y followe d th e dot .  Th e stimulu s remaine d o n scree n 
unti l  th e participan t  mad e a  verba l  respons e o r  fo r  4  seconds , 
whicheve r  wa s shorter .  Ther e wa s the n a n interstimulu s 
interva l  o f  250 0 m s befor e th e presentatio n o f  th e nex t  fixa-
tio n dot . 

Participant s wer e tol d tha t  a  pictur e woul d appea r  o n th e 
scree n an d tha t  the y ha d t o nam e th e picture d objec t  a s 
quickl y an d a s accuratel y a s possibl e usin g a  single-wor d 
label .  The y wer e instructe d tha t  th e experimen t  wa s a  tes t  c f 
thei r  reaction  tim e an d wer e encourage d t o respon d a s rapidl y 
as possible ,  bu t  wit h a n emphasi s o n accurac y a s wel l  a s 
speed .  Th e experimen t  bega n wit h 3 0 practic e items . 

Results 

Mean namin g latencie s wer e calculate d b y subject s an d b y 
item s fo r  eac h o f  th e thre e ag e groups .  Dat a from  thre e o f  th e 
participant s i n th e oldes t  grou p wer e omitte d fro m th e analy -
ses becaus e the y faile d t o name ,  o r  misnamed ,  more  tha n 
2 5 % o f  th e pictures .  Seve n item s ha d a n erro r  rat e o f  mor e 
tha n 2 5 % acros s al l  thre e group s an d thes e wer e als o re-
moved fro m th e analyse s (beetle ,  boot ,  camera ,  cannon , 
cowboy ,  glasses ,  rocket )  alon g wit h thei r  correspondin g 
paire d item s (chick ,  bow ,  cake ,  frog ,  butterfly ,  chain ,  rab -
bit) .  Thi s lef t  1 8 pair s o f  early -  an d late-acquire d item s fcr 
analysis .  Thus ,  th e analyse s reporte d her e ar e base d o n re-
sponse s t o 1 8 earl y an d 1 8 lat e acquire d item s from  1 7 
youn g aduUs ,  3 2 60-6 9 yea r  olds ,  an d 2 9 80 + yea r  olds . 

The erro r  rate s fo r  th e youn g adult s (7.9% )  an d th e 60-6 9 
year  old s (7.4% )  wer e comparable ,  thoug h th e erro r  rat e for 
th e oldes t  participant s wa s somewha t  highe r  (11.9%) .  Some 
of  thi s differenc e ca n b e accounte d fo r  b y th e fac t  tha t  olde r 
participant s tende d t o mak e mor e elaboration s (e.g. ,  sayin g 
'crescen t  moon '  fo r  moon) ,  an d tha t  the y use d alternativ e 
names rarel y o r  neve r  use d b y younge r  participant s (e.g. , 
'fiddle '  fo r  violin ;  'keg '  fo r  barrel) .  However ,  olde r  partici -
pant s als o mad e recognitio n error s neve r  mad e b y younge r 
participants ,  (e.g. ,  namin g cak e a s 'cheese') ,  an d occasion -
all y gav e semanti c alternatives ,  (e.g. ,  namin g violi n a s 
'banjo') ,  whic h younge r  participant s rarel y do . 

The results  o f  Experimen t  3  ar e illusttate d i n Figur e 1 . 
Analyse s o f  varianc e wer e carrie d ou t  wit h A o A (early/late ) 
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Figure 1. Results of Experiment 3. Mean picture naming RTs for early- and late-acquired 
item s fo r  eac h age-group . 

as a  within-subject s facto r  an d grou p (youn g adults/60 -
69s/80+s )  a s a  between-subject s factor .  Thes e reveale d sig -
nifican t  mai n effect s o f  AoA ,  Fi(l ,  75 )  =  103.21 ,  M S E = 
691093 ,  p  <  .0001 ;  F2(l ,  51 )  =  24.75 ,  M S E =  1056879 ,  p 
< .0001 ,  wit h namin g speed s bein g muc h faste r  fo r  picture s 
wit h early-acquire d name s tha n fo r  picture s wit h late-acquire d 
names,  an d o f  group ,  Fi(l ,  75 )  =  16.51 ,  M S E =  917201 ,  p 
< .0001 ;  F2(l ,  51 )  =  17.04 ,  M S E =  684570 ,  p  <  .0001 , 
wit h namin g speed s bein g progressivel y slowe r  a s ag e in -
crease d Th e interactio n betwee n A o A an d grou p di d no t 
approac h significance ,  Fi(l ,  75 )  =  1.17 ,  M S E =  7865 ,  p  = 
.30 ;  f2(l ,  51 )  =  .41 ,  M S E =  17359 ,  p  =  .70 . 

Discussio n 
AoA exerte d a  significan t  effec t  o n pictur e namin g spee d i n 

al l  thre e ag e groups .  Th e effec t  o f  A o A i n th e youn g adul t 
grou p rephcate s previou s findings  o n pictur e namin g spee d 
(e.g. ,  Morriso n e t  al. ,  1992 ;  Vitkovitc h &  Tyrell ,  1995) . 
Naming spee d increase d wit h age ,  whic h i s i n lin e wit h th e 
resultso f  previou s studie s (Mitchell ,  1989 ;  Thomas ,  Fozar d 
and Waugh ,  1977) .  ImportanUy ,  ther e wa s n o indicatio n o f 
an interactio n betwee n participan t  ag e an d AoA ;  indee d th e 
AoA effec t  wa s a s grea t  i n adult s ove r  8 0 year s o f  ag e a s i t 
was i n youn g adults . 

General Discussion 

Experiments 1 and 3 found strong effects of AoA on word 
namin g spee d an d objec t  namin g spee d respectivel y usin g 
set s o f  item s tha t  wer e matche d o n wor d frequency ,  length , 
etc .  I n Experimen t  1  th e differentiatio n o f  early -  from  late -
acquire d word s wa s base d o n adul t  ratings  o f  A o A wherea s 
i n Experimen t  3  i t  wa s base d o n normativ e dat a from  chil -
dre n an d adults .  Thes e result s rephcat e th e previou s report s 
of  effect s o f  A o A o n wor d namin g (e.g. ,  Brow n &  Watson , 
1987;  Morriso n &  Ellis ,  1995 )  an d objec t  namin g (Morriso n 
etal. ,  1992 ;  Vitkovitc h &  Tyrell ,  1995) . 

I n Experimen t  2 ,  ther e wa s n o effec t  o f  wor d frequency  o n 
wor d namin g speed .  Thes e result s ar e compatibl e wit h th e 

vie w tha t  a t  leas t  a  substantia l  proportio n o f  th e so-calle d 
'frequency '  effec t  i n wor d namin g is ,  i n fact ,  du e t o difference s 
i n A o A betwee n hig h an d lo w frequenc y words . 

The centra l  focu s o f  th e presen t  pape r  i s whethe r  A o A ef -
fect s chang e acros s th e adul t  hf e span .  I t  i s  clea r  from  ou r 
result s tha t  A o A effect s remai n invarian t  acros s ag e fo r  bot h 
wor d namin g (Experimen t  1 )  an d objec t  namin g (Experimen t 
3) .  A  simila r  lac k o f  interactio n wit h ag e ha s bee n reporte d 
fo r  frequency  effect s i n pictur e namin g (Thoma s e t  al. ,  1977 ) 
and lexica l  decisio n (Allen ,  e t  al. ,  1993 )  i n studie s whic h 
faile d t o contro l  fo r  th e natura l  correlatio n betwee n frequenc y 
and AoA ,  an d wher e a  proportio n o f  th e reporte d frequenc y 
effect s i s probabl y du e t o difference s i n A o A betwee n th e 
hig h an d lo w frequenc y wor d set s (Morriso n &  Ellis ,  1995) . 

The lac k o f  an y interactio n betwee n ag e an d A o A i s in -
compatibl e wit h eithe r  th e cumulativ e frequenc y o r  th e resi -
denc e tim e hypothese s o f  A o A effects ,  bot h o f  whic h predic t 
tha t  th e impac t  o f  A o A wil l  diminis h wit h chronologica l 
age.  Th e result s  are ,  however ,  i n accor d wit h th e vie w tha t 
A o A effect s reflec t  intrinsi c propertie s o f  lexica l  representa -
tions  whic h ar e fixe d whe n thos e word s ar e fus t  learne d an d 
remai n unchange d thereafter . 

Theoretica l  model s o f  lexica l  processin g postulat e distinc t 
stage s o f  processin g i n objec t  an d wor d naming ,  an d re-
searcher s hav e use d thes e fi:ameworks  i n a n attemp t  t o trac e 
th e locu s o f  frequency  an d A o A effect s i n pictur e an d wor d 
recognitio n tasks .  Currentiy ,  architecture s use d i n th e 
speec h productio n Uteratur e ar e a  popula r  explanator y too l 
(e.g. ,  Levelt ,  1989 ;  Jeschenia k &  Levelt ,  1994) .  Externa l 
informatio n map s o n t o semanti c node s whic h i n tu m acti -
vat e lexica l  node s calle d lemma s -  abstrac t  representation s c f 
wor d forms .  Lemmas the n activat e lexeme s -  phonologica l 
node s specifyin g a  word' s spoke n form .  Th e lexem e specifi -
catio n map s ont o phoneti c articulator y unit s an d drive s th e 
proces s o f  articulatio n 

Roelof s (1992 )  extende d thi s framework  t o accoun t  fo r 
bot h pictur e an d wor d naming .  I n hn e wit h man y account s 
of  wor d recognitio n (e.g. ,  Seidenber g &  McClelland ,  1989) , 
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he suggeste d tha t  wor d namin g by-passe s th e semanti c leve l 
m on e o f  tw o ways .  Th e firs t  i s  tha t  orthographi c representa -
tion s (visua l  lexemes )  activat e lemma s whic h ar e involve d i n 
bot h th e comprehensio n an d productio n o f  words .  Th e 
lemmas ca n the n activat e phonologica l  lexeme s an d outpu t 
processe s withou t  involvin g semanti c representations .  An -
othe r  possibilit y  i s  tha t  ther e i s a  direc t  mappin g betwee n 
orthographi c an d phonologica l  representations .  Suc h map -
ping s ar e widel y propose d i n model s o f  wor d namin g (e.g. , 
Seidenber g &  McClelland ,  1989) ,  an d on e reaso n fo r  behov -
in g i n thei r  existenc e i s t o explai n effect s o f  th e consistenc y 
or  regularit y o f  spelling-soun d correspondence s o n wor d 
namin g spee d (e.g. ,  Jared ,  M c R a e &  Seidenberg ,  1990) .  f 
abstrac t  l emm a representation s wer e interpose d betwee n or -
thographi c an d phonologica l  representations ,  the n effect s o f 
sublexica l  consistenc y betwee n spellin g an d soun d shoul d b e 
lost . 

Morriso n e t  al .  (1992 )  foun d n o effec t  o f  A o A o n semanti c 
classificatio n tim e fo r  picture s bu t  a n effec t  o n pictur e nam -
ing ,  an d argue d tha t  A o A exert s it s effec t  a t  o r  beyon d th e 
stag e o f  lexica l  access .  Morriso n an d Elli s  (1995 )  foun d a n 
effec t  o f  A o A o n wor d namin g i n a n immediat e namin g tas k 
when th e respons e wa s produce d a s rapidl y a s possibl e fol-
lowin g a  word' s appearanc e o n th e scree n Ther e wa s n o 
effec t  o f  A o A i n a  delaye d namin g tas k wher e th e wor d wa s 
followe d b y a n unpredictabl e dela y an d namin g wa s 
prompte d b y th e appearanc e o f  a  visua l  cu e t o respond .  Mor -
riso n an d EUi s conclude d tha t  A o A di d no t  affec t  post-lexica l 
articulator y processes .  I f  A o A doe s no t  affec t  semanti c acti -
vatio n o r  outpu t  processe s i n objec t  naming ,  the n b y a  proc -
ess o f  elimination ,  th e effec t  o f  ag e o f  spoke n acquisitio n o n 
pictur e namin g woul d see m t o aris e i n th e proces s o f  lexical -
isation .  Tha t  coul d b e a t  th e l emm a stage ,  th e lexem e stage , 
or  both .  Bu t  i f  wor d namin g involve s direc t  mapping s be -
twee n visua l  an d phonologica l  lexemes ,  an d i f  th e sam e lo -
cu s i s t o b e propose d fo r  A o A effect s i n bot h objec t  namin g 
and wor d naming ,  the n th e bes t  candidat e woul d see m t o b e 
lexem e activation .  Thoug h th e terminologie s differ ,  tha t  i s 
roughl y wher e i t  wa s place d i n th e theoretica l  account s o f 
Gilhool y an d Watso n (1981 )  an d B row n an d Watso n 
(1987) . 

We sugges t  therefore ,  tha t  th e effec t  o f  th e ag e a t  whic h a 
spoke n wor d i s leame d o n th e spee d wit h whic h i t  ca n b e 
produce d i n objec t  an d wor d namin g task s hav e somethin g 
t o d o wit h th e organisatio n o f  th e lexem e layer .  An d be -
caus e A o A effect s ar e fixed  acros s th e adul t  Uf e spa n w e sug -
ges t  tha t  the y reflec t  difference s betwee n early -  an d late -
acquire d word s whic h ar e fixed  a t  th e tim e whe n thos e word s 
ar e leamed .  F e w attempt s hav e bee n mad e t o simulat e A o A 
effect s usin g connectionis t  models .  Morriso n &  Elh s (1995 ) 
suggeste d tha t  on e for m o f  architecmr e whic h migh t  provid e 
a plausibl e accoun t  o f  h o w A o A effect s coul d aris e i s pro -
vide d b y self-organisin g netwoik s o f  th e sor t  propose d b y 
Kohone n (1990) .  Seff-organisin g network s lear n t o dis -
criminat e betwee n pattern s b y organisin g th e outpu t  laye r  i n 
suc h a  wa y a s t o represen t  simila r  pattern s clos e togethe r  an d 
differen t  pattern s fiuthe r  apart .  Morriso n (1993 )  showe d tha t 
pattern s introduce d earl y int o th e trainin g cycl e ar e sprea d 
acros s th e whol e o f  th e outpu t  layer .  Pattern s introduce d 

late r  hav e t o b e fitte d i n aroun d the m i n suc h a  wa y tha t 
fewe r  cell s i n th e networ k ar e eve r  involve d i n representin g 
them .  Althoug h onl y preliminary ,  suc h wor k indicate s ho w 
A o A effect s whic h remai n invarian t  acros s th e hf e spa n migh t 
begi n t o b e understood . 

I n conclusion ,  ou r  results  indicat e tha t  A o A effect s ar e jus t 
as stron g i n olde r  participant s a s i n younge r  participant s for 
bot h wor d an d pictur e naming .  W e tak e thi s a s evidenc e 
tha t  effect s o f  A o A observe d i n youn g adult s ar e a  genuin e 
reflection  o f  th e ag e a t  whic h word s ar e leame d (o r  th e orde r 
i n whic h the y ar e leamed) .  A o A effect s ar e no t  reducible  t o 
cumulativ e frequenc y o r  residence  time .  W e propos e tha t 
A o A effect s hav e thei r  locu s a t  th e lexem e leve l  an d sug -
geste d tha t  learnin g i n a  self-organisin g neura l  netwoi k archi -
tectur e migh t  provid e a  usefu l  analog y fo r  th e developmen t  o f 
th e lexem e system . 
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