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W h en Pseudoword s Becom e W o r d s -  Effect s o f  Learnin g o n Orthographi c Similarit y 

Primin g 

Georg Dorffncr (gborg@ai.UNIVIE.ac.at) 
Dept .  o f  Medica l  Cybernetic s an d Artificia l  Intelligenc e 

Universit y o f  Vienn a 
Freyun g 6-2 ,  A-101 0 Vienna ,  Austri a 

an d Austria n Researc h Institut e fo r  Artificia l  Intelligenc e 

Catherine L. Harris (CHARRIS@BU.EDU) 
Psycholog y Department ,  Bosto n Universit y 

Boston ,  M A 0221 5 

Abstrac t 

This paper investigates empirical predictions of a connectionist 
model  o f  wor d learning .  Th e mode l  predict s that ,  althoug h th e 
mapping  betwee n wor d for m an d meaning  i s arbitrar y (thu s 
renderin g word s a s bein g symbol s i n th e semioti c  sense) ,  nove l 
pseudoword s wil l  b e abl e t o prim e th e concept s correspondin g 
t o wor d form s tha t  ar e orthographicall y similar .  If ,  however , 
pseudoword s acquir e meanin g throug h a n arbitrar y mapping , 
thi s primin g shoul d b e reduced .  Tw o experiment s suppor t  thi s 
hypothesis .  Pseudowords ,  derive d fro m an d thu s orthograph -
icall y simila r  t o Englis h words ,  prime d a  categorizatio n tas k 
involvin g thos e simila r  words .  Afte r  a  subsequen t  learnin g 
phase ,  i n whic h subject s ar e aske d t o lear n meaning s fo r  th e 
pseudowords ,  thi s primin g disappears .  Thi s interpla y betwee n 
iconi c an d symboli c us e o f  word s i s propose d t o emerg e fro m 
connectionis t  learnin g procedures . 

Introduction 

Thi s wor k i s concerne d wit h h o w human s respon d t o nove l 
word s an d h o w the y lear n meaning s fo r  them .  Accordin g t o 
semiotic s (Sebeok ,  1994) ,  word s o f  an y h u m a n languag e ar e 
mostl y symboli c i n thei r  natur e o f  bein g signs .  Thi s refer s 
t o th e observatio n tha t  th e for m o f  a  wor d usuall y doe s no t 
reflec t  it s  meanin g i n an y way .  Languag e user s implicitl y 
kno w tha t  phonologica l  an d orthographi c similarit y betwee n 
word s nee d no t  impl y semanti c similarity .  '  Eve n a  singl e 
differin g lette r  (o r  phoneme )  ca n mea n a n arbitrar y differenc e 
i n meaning .  Thi s abstractio n fro m stimulu s similaritie s m a y 
be a t  th e hear t  o f  symboli c behavior . 

Such abstractio n fro m similarit y run s agains t  ou r  usua l 
way o f  treatin g stimuli .  W h e n facin g a  nove l  situatio n (e.g . 
attemptin g t o ge t  t o downtow n Bosto n b y subway )  on e i s 
traine d t o rel y o n similaritie s t o othe r  situation s (e.g .  takin g 
th e subwa y t o downtow n Vienna) ,  bu t  als o t o atten d t o sligh t 
difference s (e.g .  tha t  on e mus t  bu y token s instea d o f  ticket s i n 
Boston )  an d modif y one' s behavio r  accordingly .  W h e n facin g 
ne w words ,  thi s strateg y i s o f  n o help .  O n perceivin g a  ne w 
wor d toke n (e.g .  th e writte n strin g 'tiser') ,  on e ca n eithe r  de -
cid e t o vie w i t  a s bein g identica l  t o a  k n o w n wor d (say ,  'tiger' , 

'T o b e mor e precise ,  on e shoul d spea k o f  morpheme s instea d o f 
words ,  sinc e differen t  inflecte d o r  derive d wor d form s d o i n fac t  sho w 
meaningfu l  overiap .  Sinc e i n thi s pape r  w e ar e mainl y concerne d 
wit h word s consistin g o f  jus t  on e morpheme ,  w e wil l  continu e usin g 
'word '  synonymousl y t o 'morpheme ' 

th e 's '  bein g jus t  a  typo )  o r  conclud e tha t  on e doe s no t  k n o w 
anythin g abou t  th e word' s meaning .  I t  i s  no t  possibl e t o tak e 
th e representatio n o f  th e closes t  word' s meanin g (th e concep t 
tiger )  an d modif y i t  accordin g t o th e perceive d differences . 

Nevertheless ,  w e argue ,  human s ar e no t  perfec t  i n pur e ar -
bitrar y processin g o f  symbols ,  bu t  ten d t o associat e meaning s 
th e "natural "  way ,  base d o n similaritie s t o othe r  stimuh .  Thus , 
when seein g th e nove l  wor d 'tiser '  th e meanin g o f  'tiger '  i s 
activate d t o som e extent ,  suc h tha t  furthe r  processin g (e.g . 
aspect s concernin g animals )  ar e primed .  This ,  however ,  doe s 
not  appl y t o th e sam e exten t  t o word s tha t  exis t  i n one' s lan -
guag e an d ar e equall y similar .  Response s t o th e wor d 'timer' , 
althoug h no t  mor e differen t  t o 'tiger '  tha n 'tiser' ,  wil l  no t 
activat e th e concep t  tige r  o r  prim e th e concep t  animal . 

Thi s observatio n suggest s th e followin g hypothesis :  non -
word s ar e treate d accordin g t o thei r  similaritie s t o existin g 
words ,  whil e k n o w n word s ar e relativel y i m m u n e t o th e influ -
enc e o f  word s i n thei r  similarit y neighborhood .  Thi s hypoth -
esi s wa s motivate d b y wor k wit h a  connectionis t  mode l  fo r 
wor d learnin g (Dorffner ,  1996 ;  Dorffne r  e t  al. ,  1996) .  Thi s 
model  consist s o f  tw o component s tha t  categoriz e sensor y 
stimul i  an d on e componen t  whic h learn s link s betwee n th e 
tw o othe r  component s (se e figure  1) .  Th e mode l  ca n identi -
fies  visuall y presente d object s an d visuall y (o r  acoustically ) 
presente d wor d token s b y categorizin g the m int o classe s an d 
the n build s a  lin k t o establis h th e word-meanin g mapping . 

Th e link s betwee n word s an d thei r  meanin g implemen t  th e 
arbitrar y natur e o f  th e observe d word-meanin g mapping s i n 
humans .  However ,  a n arbitrar y link s o f  thi s typ e g o agains t 
similarity-sensitiv e activatio n mechanism s whic h ar e th e hall -
mar k o f  connectionis t  networks .  I f  no t  explicitl y  traine d oth -
erwise ,  a  neura l  network ,  suc h a s a  multilaye r  perceptro n 
(Rumelhar t  e t  al. ,  1996 )  wil l  trea t  eac h nove l  stimulu s accord -
in g t o it s similaritie s t o previousl y traine d stimuli .  Therefore , 
t o implemen t  arbitrar y word-meanin g mappings ,  alternativ e 
connectionis t  mechanism s ar e needed . 

I n Dorffner' s model ,  word-meanin g mapping s ar e imple -
mente d vi a winner-take-al l  strategie s an d specia l  learnin g al -
gorithms .  Thes e mechanism s ca n overwrit e o r  suppres s th e 
usua l  similarity-sensitiv e process .  I f  thes e mechanism s ar e 
not  full y  employe d (fo r  instance ,  a t  th e beginnin g o f  learnin g 
or  wit h nois y inputs )  similarit y sensitivit y ca n ente r  th e scen e 
again . 

Thi s dualit y betwee n connectionis t  mechanism s i n th e 
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visua l  categorie s 

o 

graphemi c categorie s 
= wor d form s 

o 

72 unit s 

169 unit s 
(13x13 ) 

winner-lake-al l 
D 

competitio n 
72 unit s 

competitio n 

referentia l  link s 
72 unit s 

visua l  inpu t 32 unit s 
acousti c inpu t 

Figur e 1 :  A  m o d e l  fo r  w o r d learning ,  consistin g o f  t w o inputs , 
t w o categorizatio n layer s an d a  laye r  linkin g t w o categor y 
representation s 

w o r d learnin g m o d e l  intuitivel y seem s t o reflec t  th e above -
ment ione d dualit y o f  h u m a n s treatin g environmenta l  stimuli , 
o n on e hand ,  an d treatin g languag e input ,  o n th e other .  T h e 
fac t  tha t  i n connectionis t  networks ,  similarity-sensitivit y i s 
th e m o r e "natural" ,  underlyin g m e c h a n i s m ,  wh ic h ha s t o b e 
suppresse d w h e n i t  c o m e s t o language ,  raise s th e hypothe -
si s tha t  h u m a n cognitiv e processe s migh t  b e similar .  W i t h 
respec t  t o language ,  thi s w o u l d m e a n tha t  h u m a n s ten d t o ap -
pl y similarity-sensitiv e association s t o nove l  languag e inputs , 
unles s o r  unti l  the y hav e explicid y learne d no t  to .  T o tes t 
thi s hypothesi s w e hav e designe d a  psycholinguisti c exper -
imen t  probin g subjects '  response s t o nove l  (pseudo- )  wo rd s 
an d change s i n thos e response s w h e n thos e wo rd s acquir e 
meaning . 

Experiment 1 

M e t h o d 

Subjects .  1 9 undergraduat e student s an d volunteer s fro m 
Bosto n Universit y participate d i n th e experiment .  Th e stu -
dent s participate d i n retur n fo r  cours e credit .  Al l  subject s 
wer e nativ e EngUs h speaker s o r  learne d Englis h befor e th e 
age o f  11 . 

Apparatus. Stimuli were presented and responses recorded 
usin g th e P S Y S C O PE softwar e (Cohe n e t  al. ,  1993 )  o n Mac -
intos h computer s a t  Bosto n Universit y an d th e Universit y o f 
Vienna . 

Procedure. The experiment consisted of three phases. 
Phas e 1  an d 3  wer e identica l  an d consiste d o f  a  primin g 
and categorizatio n task .  O n e ou t  o f  a  lis t  o f  1 2 possibl e 
pseudowords ^  wa s use d a s th e prim e an d presente d visuall y 
fo r  150 0 ms .  Th e targe t  wa s a n Englis h word ,  whic h subject s 
wer e aske d t o categoriz e a s quickl y a s possible .  Th e si x pos -
sibl e categorie s wer e Animal ,  Bod y part .  Clothing ,  Furniture , 
Fruit ,  an d Vehicle . 

Th e primin g phas e consiste d o f  12 2 prime-targe t  pairs .  Fo r 
hal f  o f  th e pairs ,  th e prim e originate d i n a  wor d fro m th e sam e 
categor y a s th e targe t  (e.g .  arpl e (fro m 'apple' )  -  banana ; 
calle d a  relate d pair) .  Fo r  th e othe r  hal f  o r  th e pairs ,  th e 
categor y o f  th e wor d th e prim e originate d i n wa s unrelate d t o 

^Two o f  thos e 1 2 pseudoword s ha d t o b e exclude d fro m th e 
analysis ,  sinc e the y showe d unexpecte d interferenc e wit h th e cate -
gorizatio n task ,  mainl y du e t o stron g soun d symbolisms . 

th e targe t  categor y (e.g .  trai m (fro m 'train' )  -  bed ;  calle d a n 
unrelate d pair) .  Prime-targe t  pair s wer e presente d i n rando m 
order . 

Befor e th e primin g tas k i n phas e 1  subject s wer e aske d t o 
familiariz e themselve s wit h th e si x categories .  A n exampl e 
of  a  wor d fo r  eac h categor y (no t  occurrin g i n th e lis t  o f  targe t 
words )  wa s given .  Subject s wer e furthe r  instructe d t o atten d 
t o th e pseudowor d prime s a t  eac h trial ,  lettin g the m "sin k in " 
and perhap s imagin e a  possibl e meaning . 

Subject s wer e tol d tha t  reactio n time s wer e importan t  an d 
tha t  the y shoul d respon d a s quickl y a s possible .  Reactio n 
time s betwee n th e onse t  o f  eac h targe t  an d th e utterin g o f  th e 
categor y nam e b y th e subjec t  wer e recorded .  Th e followin g 
trial s wer e exclude d fro m analysis : 

•  fo r  eac h category ,  th e first  tria l  tha t  containe d a  targe t  wor d 
f ro m tha t  category ;  thi s w a s don e t o accoun t  fo r  th e proble m 
tha t  initiall y  subject s wer e no t  totall y familia r  wit h eac h 
category . 

•  response s tha t  wer e incorrectl y recorde d 

•  incorrec t  response s (althoug h the y occurre d ver y rarely ) 

•  statistica l  outlier s 

Phas e 2  o f  th e experimen t  consiste d o f  a  learnin g phase , 
i n wh ic h subject s shoul d lear n s o m e roug h mean in g o f  th e 
n e w words .  T o m i m i c a  "natural "  w a y o f  learnin g w o r d 
meanings ,  th e n e w w o r d s wer e presente d i n th e contex t  o f 
utterance s i n colloquia l  E n g h s h ,  presente d visuall y o n th e 
scree n a s sentence s i n quotatio n marks .  T h e learnin g phas e 
consiste d o f  8 4 trials .  E a c h utteranc e o r  shor t  dialo g presente d 
at  on e tria l  containe d a  placeholde r  (  )  wh ic h substitute d 
fo r  on e o f  th e n e w words .  T h e subjects '  tas k w a s t o gues s th e 
correc t  w o r d tha t  shoul d b e filled  i n instea d o f  th e placeholder . 
Fo r  that ,  th e lis t  o f  th e twelv e possibl e w o r d s w a s alway s 
visibl e o n th e righ t  par t  o f  th e screen ,  i n alphabetica l  order . 
Afte r  pickin g a  word ,  subject s wer e aske d t o sa y th e w o r d ou t 
aloud .  Subsequently ,  th e correc t  w o r d appeare d o n th e screen , 
as wel l  a s th e s a m e sentence ,  n o w wit h th e w o r d instea d o f 
th e placeholder ,  i n th e lowe r  lef t  par t  o f  th e screen .  Subject s 
wer e aske d t o rea d th e sentenc e wit h th e w o r d i n i t  on e m o r e 
time .  W h e n the y wer e done ,  th e nex t  sentenc e wou l d appear . 

M e a n i n g s fo r  th e n e w w o r d s wer e create d b y assignin g th e 
word s t o concept s i n on e o f  thre e categories : 

1.  concept s tha t  directl y cortespon d t o Englis h words ,  suc h a s 
mistake ,  o r  liar ;  thi s i s calle d th e s y n o n y m condition . 

2.  concept s tha t  ar e generall y k n o w n t o Englis h nativ e speak -
ers ,  bu t  n o direc t  Englis h w o r d s exist ,  suc h a s stuf f  on e ha s 
t o scrap e of f  th e wal l  o r  flat  surface s t o m a k e i t  smooth ; 
thi s i s calle d th e k n o w n concep t  condition . 

3.  concept s tha t  exis t  i n othe r  language s (Rheingold ,  1988) , 
bu t  ar e usuall y no t  i n th e conceptua l  repertoir e o f  Englis h 
nativ e speakers ,  suc h a s thing s on e i s likel y t o forge t  w h e n 
mak in g u p a  budget ;  thi s i s  calle d th e u n k n o w n concep t 
condition . 

Fo r  eac h concept ,  a  tota l  o f  seve n sentence s (o r  shor t  di -
alogues )  w a s create d t o lea d t o 8 4 differen t  stimul i  fo r  th e 
learnin g phase .  E a c h o f  th e sentence s w a s presente d exactl y 
once .  Sentence s wer e presente d i n r a n d o m orde r  i n seve n 
blocks ,  eac h bloc k containin g on e sentenc e fo r  eac h o f  th e 
twelv e concepts .  W o r d s wer e randoml y assigne d t o meaning s 
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t o creat e a  mappin g whic h wa s hel d constan t  fo r  eac h subject . 
No mor e tha n tw o subject s wer e confronte d wit h th e sam e 
mapping . 

For  phas e 2 ,  subject s wer e tol d tha t  the y woul d lear n th e 
meaning s o f  th e ne w pseudowords .  Subject s wer e tol d (ha t  th e 
sentence s the y wer e abou t  t o se e wer e utterance s i n colloquia l 
English ,  supposedl y somebod y sai d t o somebod y else .  Sub -
ject s wer e tol d tha t  i n th e beginnin g the y woul d hav e t o guess , 
but  tha t  the y shoul d le t  thei r  intuition s guid e thei r  answers . 
Subject s wer e tol d tha t  the y shoul d no t  tr y t o tur n thi s int o a n 
elaborat e guessin g game ,  wit h takin g note s o r  evaluatin g hy -
potheses ,  bu t  respon d b y wha t  intuitivel y cam e t o thei r  mind . 
They wer e furthe r  tol d tha t  ther e coul d b e a n Englis h wor d 
tha t  correspond s t o th e meanin g conveye d b y th e sentence , 
but  tha t  ther e nee d no t  b e on e -  thu s the y shoul d no t  tr y har d 
t o gues s whic h Englis h wor d th e ne w wor d substitute d for . 

Befor e phas e 3  (th e secon d primin g phase ,  identica l  t o 
phas e 1) ,  subject s wer e aske d t o g o ove r  th e lis t  o f  al l  ne w 
word s an d repor t  wha t  the y though t  the y woul d mean .  Al l 
response s (e.g .  "ha s somethin g t o d o w i ^  pregnancy" )  wer e 
writte n d o w n b y th e experimenter ,  includin g a  mar k fo r  n o 
response s (" I  hav e n o ide a wha t  tha t  wor d means") . 

Phase 3  wa s identica l  t o phas e 1 .  Subject s wer e agai n aske d 
t o atten d t o th e pseudowor d an d the n categoriz e th e Englis h 
word . 

The entir e experimen t  laste d betwee n 4 5 an d 6 0 minutes . 

Stimulus materials. For the priming phases, words were 
chose n fro m th e lis t  use d i n Irwi n an d Lupke r  (1983) ,  plu s 
a fe w others ,  wit h th e restrictio n tha t  word s shoul d b e n o 
longe r  tha n si x characters .  Pseudoword s wer e constructe d 
th e followin g way .  Twelv e Englis h word s fro m th e sam e si x 
categorie s (tw o pe r  category )  wer e taken ,  an d on e lette r  othe r 
tha n th e initia l  lette r  wa s altere d suc h tha t  th e mos t  likel y 
pronunciatio n o f  th e pseudowor d woul d no t  diffe r  b y mor e 
tha n on e phonem e fro m th e origina l  Englis h word .  Wit h 
one exception ,  al l  pseudoword s wer e five  character s long . 
Example s o f  th e pseudoword s appea r  i n th e appendix . 

Most  sentence s (o r  shor t  dialogues )  use d t o se t  th e contex t 
fo r  th e meanin g di d no t  implicitl y  defin e al l  propertie s o f  th e 
concep t  t o b e learned ,  bu t  th e whol e o f  th e seve n sentence s 
per  concep t  did .  Car e wa s take n t o avoi d usin g cu e word s 
(suc h a s 'feeling '  fo r  concep t  "Wha t  on e feel s fo r  someon e 
one onc e love d bu t  n o lone r  does" )  mor e tha n onc e (o r  i n rar e 
cases ,  twice) .  Placeholder s di d no t  alway s appea r  o n th e sam e 
position ,  bu t  wer e randoml y place d a t  th e beginning ,  i n th e 
middle ,  an d a t  th e en d o f  sentences .  Th e divisio n o f  meaning s 
int o thre e categorie s wa s don e fo r  furthe r  investigatio n int o 
ho w quickl y subject s lear n th e meanin g fo r  ne w words .  Fo r 
th e question s relevan t  i n thi s paper ,  the y wer e o f  n o furthe r 
interest . 

Results 

For  eac h o f  th e 1 9 subjects ,  mea n respons e time s wer e cal -
culate d fo r  eac h o f  th e 1 0 pseudoword s i n eac h o f  th e fou r 
conditions ,  befor e learnin g /  relate d pairs ,  befor e learnin g / 
unrelate d pairs ,  afte r  learnin g /  relate d pairs ,  diu A afte r  learn -
in g /  unrelate d pairs .  Dat a fro m on e subjec t  wa s exclude d 
sinc e ther e wer e missin g trial s fo r  on e o f  th e pseudowords . 
Thus ,  1 8 time s 1 0 time s 4  case s wer e inpu t  fo r  th e anova . 

Conditio n 

befor e 
befor e 
afte r 
afte r 

relate d 
unrelate d 
relate d 
unrelate d 

RT 
(unrel.-rel. ) 

96 2 
99 4 
96 5 
96 3 

Differenc e 

32 

-2 

Tabl e 1 :  Mea n respons e tim e R T (i n ms )  i n experimen t  1 

Conditio n 

befor e 

afte r 

related ,  learne d 
unrelated ,  learne d 
related ,  not-learne d 
unrelated ,  not-learne d 
related ,  learne d 
unrelated ,  learne d 
related ,  not-learne d 
unrelated ,  not-learne d 

RT 
(unrel.-rel. ) 

947 
993 
957 
997 
968 
971 
978 
953 

Differenc e 

46 

40 

3 

-2 5 

Tabl e 2 :  M e a n respons e tim e (i n m s )  fo r  th e eigh t  condition s 
includin g wor d learned/no t  learne d i n experimen t  1 . 

Tabl e 1  Ust s th e resultin g mea n respons e time s fo r  th e fou r 
condition s 

Befor e learning ,  categorizatio n time s wer e 3 2 m s faste r  i n 
th e relate d condition ,  compare d t o th e unrelate d condition ,  a 
statisticall y reliabl e difference ,  F=6.9 ,  p  <  0.02 .  Afte r  th e 
learnin g phase ,  RT s i n th e unrelate d an d relate d condition s 
differe d b y onl y 2  ms .  Th e differenc e i n amoun t  o f  primin g 
befor e an d afte r  learnin g wa s statisticall y significant ,  F=6.9 , 
p <  0.02 . 

We the n investigate d whethe r  th e lac k o f  primin g i n th e 
post-learnin g tas k varie d dependin g o n whethe r  th e subjec t 
was abl e t o retriev e a  wor d meanin g afte r  th e learnin g phase , 
as measure d b y response s t o th e questio n "Ca n yo u tel l  m e 
what  thi s wor d means" .  Fo r  eac h subject ,  pseudoword s wer e 
divide d int o tw o groups :  pseudoword s fo r  whic h th e sub -
jec t  ha d retrieve d som e meanin g (irrespectiv e o f  whethe r  thi s 
meanin g wa s th e intende d one) ,  calle d th e wor d learne d con -
dition ;  an d word s fo r  whic h th e subjec t  gav e n o response , 
calle d th e wor d no t  learne d condition .  T w o subject s ha d t o 
be excluded ,  sinc e the y ha d learne d a  meanin g fo r  al l  te n 
pseudowords .  Thu s th e anov a receive d 1 7 time s 2  time s 4 
inputs . 

Th e resultin g mea n respons e time s fo r  th e eigh t  condition s 
ar e show n i n tabl e 2 . 

For  th e learne d words ,  ther e i s n o primin g afte r  learning . 
For  th e non-learne d words ,  th e facilitatio n tend s t o tur n int o 
an inhibitio n (differenc e o f  -2 5 m s )  afte r  th e learning-phase . 
Furthermore ,  respons e time s fo r  relate d learne d word s ar e 
highe r  afte r  learnin g (96 8 m s )  tha n befor e learnin g (94 7 m s ) , 
suggestin g a  kin d o f  inhibitio n du e t o learning .  However , 
thes e difference s di d no t  reac h statistica l  significance . 

Therefore ,  t o furthe r  tes t  th e hypothesi s tha t  th e decreas e i n 
primin g fo r  relate d stimul i  i s du e t o th e learnin g o f  meaning s 
(an d no t  du e t o som e othe r  reason ,  suc h a s habituatio n wit h 
th e stimuli) ,  w e performe d a  second ,  control ,  experiment . 
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Conditio n 

befor e 
befor e 
afte r 
afte r 

relate d 
unrelate d 
relate d 
unrelate d 

RT 
(unrel.-rel. ) 

1031 
108 6 
97 4 

101 4 

Differenc e 

55 

40 

Tabl e 3 :  M e a n respons e tim e R T (i n ms )  i n experimen t  2 

E x p e r i m e n t  2 

M e t h o d 

Subject s 1 4 undergraduat e psycholog y student s fro m 
Bosto n Universit y participate d fo r  cours e credit .  Al l  o f  the m 
wer e nativ e Englis h speakers . 

Procedure As in experiment 1, experiment 2 consisted of 
thre e phases .  Th e first  an d th e thir d phas e wer e identica l  t o 
th e respectiv e phase s i n experimen t  1 .  Instea d o f  presentin g 
semanti c context s fo r  th e pseudowords ,  th e secon d phas e con -
siste d o f  a  lette r  completio n tas k involvin g al l  pseudowords . 
The ai m wa s t o mimi c a s muc h a s possibl e th e middl e phas e 
of  experimen t  1  withou t  givin g subject s a  chanc e t o deduc e 
any meanin g fo r  th e pseudowords . 

Each tria l  i n thi s tas k consiste d o f  th e presentatio n o f  a  strin g 
containin g on e t o thre e letter s o f  on e o f  th e pseudoword s i n 
thei r  correc t  position s an d placeholder s '  '  standin g i n fo r  th e 
missin g letter s (e.g .  ' a e '  fo r  arple') .  Thi s strin g wa s pre -
sente d i n th e uppe r  hal f  o f  th e screen .  A s i n th e correspondin g 
tas k o f  experimen t  1 ,  th e lis t  o f  al l  possibl e pseudoword s wa s 
visibl e o n th e right  hal f  o f  th e screen .  Subject s wer e aske d t o 
pic k th e pseudowor d fro m th e lis t  whic h woul d b e a  correc t 
completio n fo r  th e string ,  b y sayin g ou t  lou d th e word .  Ther e 
was alway s a  uniqu e solution .  Wheneve r  the y picke d a  word , 
th e correc t  wor d wa s displaye d o n th e screen .  Subject s the n 
presse d a  butto n t o continu e wit h th e nex t  string .  Fo r  eac h 
pseudoword ,  seve n differen t  string s existed ,  leadin g t o a  to -
ta l  o f  8 4 stimuli .  Respons e tim e wa s recorded ,  althoug h no t 
furthe r  investigated . 

The wa y thi s phas e wa s designed ,  eac h pseudowor d wa s 
th e correc t  solutio n th e sam e numbe r  o f  time s a s i n th e corre -
spondin g phas e o f  experimen t  1 ,  thu s ha d t o b e pronounce d 
th e sam e numbe r  o f  time s (o n average) ,  an d wa s presente d 
on th e scree n th e sam e numbe r  o f  times .  Subjects ,  wer e no t 
tol d tha t  thi s i s a  contro l  experiment ,  bu t  instea d tha t  thi s 
experimen t  teste d response s t o nove l  words . 

Results 

Respons e time s wer e evaluate d fo r  th e first  an d secon d prim -
in g tas k (conditio n befor e /  afte r  lette r  completio n instea d 
of  befor e /  afte r  learning )  th e sam e wa y a s i n experimen t  1 . 
Tabl e 3  depict s th e results . 

A primin g effec t  i n th e relate d pair s conditio n i s agai n 
clearl y visibl e (differenc e i n R T =  5 5 ms) .  Thi s facilitation , 
however ,  i s stil l  presen t  i n th e secon d primin g tas k (conditio n 
afte r  lette r  completion ;  differenc e i n R T =  4 0 ms) .  Whil e th e 
overal l  differenc e du e t o facilitatio n i s statisticall y significan t 
(F=5.81 ,  p  <  0.05) ,  th e differenc e betwee n th e tw o primin g 
task s i s not . 

Discussio n 

The results from experiments 1 and 2 supported the predic-
tion s generate d fro m Dorffner' s (1996 )  wor d learnin g model . 
The experimenta l  subject s showe d similarit y primin g t o th e 
nove l  wor d stimuli .  Afte r  meaning s wer e acquire d fo r  th e 
ne w words ,  thi s primin g wa s eliminated . 

Psycholinguist s hav e lon g note d tha t  th e initia l  stage s o f 
processin g i n non-word s i s simila r  t o words .  Readin g a  non -
wor d appear s t o caus e partia l  activatio n o f  th e word s i n it s 
orthographi c neighborhood ,  jus t  a s happen s whe n rea l  word s 
ar e read .  Th e exten t  t o whic h rea l  word s ar e influence d b y 
thei r  orthographi c an d phonologica l  neighbor s ha s als o bee n 
shown t o var y a s a  functio n o f  thei r  frequenc y (Seidenber g 
and McClelland ,  1989) .  Fo r  example ,  pronunciatio n o f  th e 
lo w frequenc y wor d 'sweat '  i s slo w becaus e it s orthographi c 
neighbor s ar e pronounce d differentl y ('meat, '  'treat') .  Bu t  ir -
regularl y spelle d hig h frequenc y word s lik e 'have '  an d 'done ' 
ar e no t  slowe d b y thei r  man y regularl y spelle d neighbors .  I f 
we accep t  th e c o m m o n assumptio n tha t  frequenc y indexe s 
learning ,  the n thes e effect s o f  frequenc y ar e consisten t  wit h 
prediction s o f  Dorffner' s (1996 )  model . 

Previou s studie s hav e demonstrate d similarit y primin g o f 
pseudoword s i n wor d identificatio n task s (Feuste l  e t  al. ,  1983 ; 
Rueckl ,  1990) .  However ,  littl e focu s ha s bee n lai d o n th e pos -
sibl e influenc e o f  pseudoword s o n semanti c tasks .  Rueck l 
and Old s (1993 )  investigate d ho w repetitio n primin g involv -
in g pseudoword s ca n benefi t  whe n subject s ar e aske d t o lear n 
meaning s fo r  th e pseudowords .  I n thei r  experiments ,  pseu -
doword s wer e paire d wit h Englis h word s an d subject s wer e 
tol d tha t  the y shoul d lear n thes e mapping s i n a  vocabular y 
learnin g task .  Eac h pai r  wa s presente d u p t o thre e times .  Re -
sult s showe d tha t  pseudoword s tha t  acquire d pseudomeaning s 
thi s wa y showe d repetitio n primin g i n a  wor d identificatio n 
task . 

Rueck l  an d Old s (1993 )  als o gav e a  connectionis t  expla -
natio n fo r  thei r  findings.  The y note d tha t  durin g learnin g 
associativ e mapping s ca n suppor t  eac h othe r  i f  thei r  output s 
ar e similar ,  bu t  ca n inhibi t  eac h othe r  whe n output s ar e dis -
similar .  Sinc e word-meanin g mapping s ar e arbitrary ,  output s 
of  thes e mapping s ar e dissimilar ,  i n general ,  an d therefor e in -
hibitio n occur s leadin g t o effect s o f  repetitio n primin g (sinc e 
repeate d stimul i  reac h asymptot e onl y slowly) .  Thi s inhibi -
tio n i s suggeste d b y ou r  result s distinguishin g betwee n pseu -
doword s whic h ha d apparentl y acquire d meanin g an d thos e 
tha t  ha d no t  (tabl e 2) ,  althoug h statistica l  significanc e coul d 
not  b e shown .  Sinc e w e di d no t  stud y repetitio n priming ,  w e 
canno t  sa y whethe r  a  prim e lik e 'arple '  woul d prim e th e cate -
gorizatio n o f  'apple '  afte r  repeate d presentation .  Instead ,  w e 
coul d demonstrat e tha t  similarit y primin g ca n als o exten d t o 
semanti c task s whe n a  pseudowor d doe s no t  hav e a  meanin g 
attached . 

Whittlese a an d Cantwel l  (1987 )  investigate d th e influenc e 
of  assignin g meaning s t o pseudoword s i n wor d perceptio n 
(i.e. ,  th e facilitatio n o f  recognizin g letter s i n know n words) . 
Thei r  experimenta l  settin g wit h respec t  t o learnin g meaning s 
i s simila r  t o ours ,  i n tha t  arbitrar y meaning s ar e assigne d b y 
definition s an d sampl e sentences ,  an d i n a  contro l  experimen t 
experienc e wit h th e pseudoword s wa s gaine d withou t  meanin g 
assignment .  Subject s identifie d pseudoword s mor e accuratel y 
when associate d wit h meanings .  Semanti c primin g wa s no t 
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investigated . 

Dagenbac h e t  al .  (1990 )  investigate d h o w muc h learnin g 
i s necessar y t o ente r  ne w lexica l  entrie s int o semanti c m e m-
ory ,  suc h a s t o produc e automati c priming .  The y showe d 
tha t  automati c episodi c primin g doe s no t  occu r  i n a  one-hou r 
experiment ,  wher e subject s wer e give n definition s to r  ne w 
words .  W e coul d sho w tha t  withi n th e tim e fram e o f  ou r 
experimen t  (u p t o 6 0 mins) ,  a  lastin g effec t  o f  learnin g mean -
in g wit h respec t  t o semanti c primin g i s visibl e -  somethin g 
Dagenbac k e t  al .  (1990 )  di d n o investigate . 

Lookin g a t  th e connectionis t  mode l  briefl y discusse d above , 
a possibl e explanatio n o f  th e observe d phenomen a i s th e fol -
lowing .  Basically ,  i n an y mode l  o f  wor d learnin g presup -
posin g a  separatio n betwee n orthographic ,  phonologica l  an d 
semanti c component s (compare ,  fo r  instance ,  Seidenber g an d 
McClelland ,  1989 ;  Grossber g an d Stone ,  1986 )  ther e woul d 
be tw o pathway s fo r  activatio n t o flow  t o explai n th e similarit y 
primin g o f  pseudowords .  Eithe r  th e pseudowor d orthographi -
call y prime s th e correspondin g Englis h wor d (e.g .  'apple '  fo r 
'arple') ,  whic h the n activate s it s meaning ,  leadin g t o th e prim -
in g o f  th e categorizatio n o f  fruit.  O r  th e pseudowor d directl y 
partiall y  activate s th e meanin g o f  th e correspondin g Englis h 
word ,  du e t o thei r  similarities .  Th e result s o f  ou r  experiment s 
poin t  i n favo r  o f  th e secon d possibility .  I f  primin g happene d 
on th e orthographica l  level ,  i t  woul d no t  b e reduce d whe n th e 
pseudowor d acquire s meaning . 

Our  mode l  offer s a n eve n mor e intricat e explanation .  Th e 
basi c componen t  fo r  bot h side s o f  th e mode l  (semanti c an d or -
thographic )  i s a  collectio n o f  categorizatio n layers ,  operatin g 
wit h a  varian t  o f  competitiv e learnin g an d adaptiv e resonanc e 
theor y (Grossberg ,  1987) .  Heav y focu s i s pu t  o n inhibitio n 
by competition .  Dependen t  o n context ,  eac h stimulu s lead s t o 
th e activatio n o f  a  smal l  numbe r  o f  categorie s (compare ,  fo r 
instanc e th e interactiv e activatio n effect s reporte d b y Rumel -
har t  an d McClelland ,  1981) .  Therefore ,  give n orthographica l 
input ,  th e unit s compet e fo r  th e activatio n o f  a  wor d for m 
category .  I f  th e contex t  i s  suc h tha t  a n Englis h wor d i s ex -
pected ,  'arple '  i s  likel y t o activat e th e 'apple '  category .  If , 
however ,  ther e i s reaso n t o believ e tha t  'arple '  i s  a  separat e 
word ,  a  ne w categor y uni t  i s  recruited ,  creatin g a  ne w wor d 
for m categor y ( a ne w lexica l  entry ,  s o t o speak) .  Competitio n 
i n ou r  mode l  i s don e i n a  "soft "  way ,  exploitin g interactiv e 
activatio n an d inhibitio n tha t  i s  adaptiv e durin g learning .  A 
categor y wil l  activat e mor e tha n th e winnin g unit ,  especiall y 
i n th e beginning .  I n othe r  words ,  categor y unit s correspond -
in g t o wor d form s tha t  ar e orthographicall y simila r  (includin g 
apple' )  wil l  b e activated .  Link s betwee n wor d form s an d 

(fo r  instance )  visua l  categorie s ar e realize d throug h a  separat e 
laye r  o f  units .  Weight s t o a  lin k uni t  gro w vi a repeate d an d 
consisten t  presentation s o f  word-meanin g pairs .  W h e n th e ac -
tivatio n o f  tha t  lin k uni t  exceed s a  threshold ,  winner-take-al l  i s 
triggered ,  erasin g al l  similaritie s t o othe r  categorie s ( a specia l 
learnin g rul e furthe r  assure s tha t  onl y weight s emanatin g fro m 
winnin g unit s ca n grow-se e Dorffner ,  1996) .  Befor e that ,  ac -
tivatio n i s sprea d i n a  regula r  associativ e manner ,  permittin g 
similaritie s o n th e word-for m leve l  t o influenc e association s 
on th e meanin g leve l  (althoug h muc h weaker) . 

I n othe r  words ,  throug h repeate d pairing s o f  wor d for m an d 
meaning ,  th e mode l  learn s t o implemen t  a n arbitrar y link ,  re -
flecting  th e symboli c natur e o f  a  word .  Befor e sufficien t  learn -

ing ,  however ,  wor d form s ca n preserv e som e iconi c functio n 
by activatin g meaning s base d o n similaritie s t o othe r  words .  I f 
a pseudowor d i s encountere d i t  wil l  first  co-activat e categor y 
unit s correspondin g t o simila r  wor d forms ,  thu s leadin g t o th e 
observe d priming .  I f  tha t  pseudowor d become s mor e familiar , 
competitio n amon g wor d form s (th e ne w lexica l  entr y arple ' 
and th e wor d 'apple' )  wil l  increase ,  thu s leadin g t o decrease d 
primin g a s observe d i n experimen t  2  (tabl e 3) .  I f  th e pseu -
dowor d acquire s meaning ,  ther e i s competitio n o n bot h th e 
wor d for m leve l  an d th e meanin g level ,  largel y erasin g th e 
primin g du e t o wor d for m similarity . 

Conclusion 

We demonstrate d tha t  Englis h speakers ,  whe n face d wit h 
pseudowords ,  ten d t o hav e association s base d o n similar -
itie s betwee n th e pseudoword s an d simila r  Englis h words . 
Thi s wa s show n i n a  primin g experimen t  wher e pseudoword s 
prime d a  categorizatio n tas k involvin g th e semanti c categorie s 
of  orthographicall y simila r  words .  W h e n subsequentl y sub -
ject s learne d meaning s fo r  th e pseudowords ,  th e primin g dis -
appeared .  Thi s iconic-symboli c dualit y i n languag e stimul i 
may b e on e o f  th e propertie s o f  languag e whic h allo w i t  t o b e 
use d wit h m a x i m u m efficienc y fo r  bot h nove l  an d routinize d 
communicativ e tasks .  W e argu e tha t  connectionis t  model s 
whic h captur e bot h th e iconi c an d symboli c aspect s o f  lan -
guag e ar e t o b e preferre d over  thos e whic h emphasiz e onl y 
similarity-base d processing . 
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Appendix 

Example s o f  Pseudoword s (liste d wit h thei r  correspondin g 
Englis h origina l  an d category )  use d i n th e primin g phase s o f 
experiment s 1  an d 2 : 

arpl e (appl e -  fruit) ;  chai m (chai r  -  furniture) ;  dres t  (dres s -
clothing) ;  horf e (hors e -  animal ) 

Example s o f  Concept s use d a s meaning s i n phas e 2  o f 
experimen t  1 : 
Synonyms :  Excited ,  Liar ,  Mistak e 
K n o wn concepts : 

•  Unusua l  appetite s durin g pregnanc y 

•  Applyin g somethin g col d t o one' s ski n t o coo l  of f 

U n k n o w n concepts : 

•  Littl e flaw s tha t  creat e a n elegan t  whol e 

•  Item s on e i s likel y t o forge t  whe n makin g u p a  budge t 
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