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Rou tes ,  Races ,  a n d Attentiona l  D e m a n d s i n Read ing : 

Insight s f r o m Compu ta t i ona l  M o d e l s 

M a r c o Zorz i  (inzorzi@psico.unipd.it ) 
Dipartiment o d i  Psicologi a Generale ,  Universita '  d i  Padov a 

vi a Venezi a 8 ,  3513 1 Padova ,  Ital y 
Institut e o f  Cognitiv e Neuroscience ,  Universit y Colleg e Londo n 

17,  Quee n Square ,  Londo n W C I N 3 A R ,  U K 

Abstrac t 

One influential view about the attentional demands of the 
readin g processe s maintain s tha t  phonologica l  assembl y i s 
les s automati c an d mor e attention-demandin g tha n pho -
nologica l  retrieval .  Th e stronges t  evidenc e i s thi s respec t  i s 
th e release-from-competitio n (RFC )  effec t  (Paa p &  Noel , 
1991) ,  i n whic h th e pronunciatio n o f  lo w frequenc y excep -
tio n word s i s speede d whe n participant s hav e t o perfor m a 
concurren t  memor y task .  However ,  th e result s o f  follow-u p 
investigation s hav e le d t o a  shar p controvers y regardin g 
whethe r  th e phenomeno n i s rea l  an d whethe r  i t  ca n b e repli -
cate d o r  not .  Th e debat e ha s reache d stalemate ,  partl y becaus e 
th e discussio n abou t  architectura l  an d processin g assumption s 
has bee n carrie d ou t  onl y i n verba l  terms .  Thi s pape r  investi -
gate s th e R F C phenomeno n throug h simulation s wit h tw o 
computationa l  model s o f  reading ,  th e Connectionis t  Dual -
Proces s mode l  (Zorz i  e t  al. ,  1998 )  an d th e D R C mode l 
(Colthear t  e t  al. ,  1993) .  Bot h model s faile d t o reproduc e th e 
R FC effect ,  eve n whe n th e specifi c  assumption s mad e b y 
Paap an d Noe l  wer e accuratel y implemente d i n th e simula -
tions.  Thi s findin g cast s furthe r  doubt s abou t  th e realit y o f  th e 
phenomenon . 

Introduction 

Model s o f  readin g alou d distinguis h betwee n a t  leas t  tw o 
differen t  way s t o deriv e th e phonologica l  for m o f  writte n 
words .  O n e route ,  usuall y referre d t o a s lexica l  route ,  i s 
though t  t o operat e b y retrievin g th e phonolog y o f  know n 
word s {addresse d o r  retrieve d phonology )  fro m th e visua l 
wor d for m throug h a  word-specifi c  associatio n mechanism . 
Th e secon d route ,  name d th e assembl y o r  phonologica l 
route ,  i s  conceptualize d a s a  spellin g t o soun d mappin g 
proces s whic h allow s th e computatio n o f  th e phonolog y 
{assemble d phonology )  fo r  an y (legal )  strin g o f  letter s (Car r 
& Pollatsek ,  1985 ;  Patterso n &  V .  Coltheart ,  1987 ,  fo r  re -
views) .  Thi s fairl y  genera l  "two-process "  architectur e i s 
supporte d b y a  larg e bod y o f  empirica l  data ,  an d b y con -
vergin g evidenc e comin g fro m th e neuropsychologica l 
studie s o f  readin g disorder s (acquire d dyslexia ;  Denes , 
Cipolotti ,  &  Zorzi ,  1998 ;  Shallice ,  1980 ,  fo r  reviews) . 

Althoug h mos t  o f  th e researcher s woul d probabl y agre e 
wit h th e broa d definitio n provide d above ,  th e detail s o f  th e 
model s i n th e literatur e vary  widely ,  an d th e differen t  claim s 
abou t  th e natur e o f  th e computation s underlyin g th e readin g 
syste m hav e sparke d a  vigorou s debat e (see ,  e.g. ,  Besner , 
Twilley ,  M c C a n n ,  &  Seergobin ,  1990 ;  Coltheart ,  Curtis , 

Atkins ,  &  Haller ,  1993 ;  Plaut ,  McClelland ,  Seidenberg ,  & 
Patterson ,  1996 ;  Seidenber g &  McCelland ,  1989 ;  V a n Or -
den ,  Pennington ,  &  Stone ,  1990 ;  Zorzi ,  i n press ;  Zorzi , 
Houghton ,  &  Butterworth ,  1998a ,  1998b) . 

A dispute d issu e regard s th e natur e o f  th e assembl y 
mechanis m an d th e rol e o f  phonolog y i n lexica l  acces s from 
print .  O n e vie w i s  tha t  phonologica l  assembl y consist s o f 
graphem e t o phonem e correspondenc e ( G P C )  rules ,  tha t  is , 
a syste m base d upo n explici t  rule s specifyin g th e dominan t 
(e.g. ,  mos t  frequent )  relationship s betwee n letter s an d 
sound s (Coltheart ,  1978 ;  Colthear t  e t  al. ,  1993 ,  fo r  a  com -
putationa l  versio n o f  th e G P C system) .  Furthermore ,  th e 
G PC rout e i s hel d t o b e slo w an d seria l  (i.e. ,  i t  deliver s on e 
phoneme a t  a  time) ,  an d i s  therefor e regarde d a s a  con -
trolle d process ,  whic h i s resource-demandin g an d subjec t  t o 
strategi c contro l  (e.g. ,  Monsell ,  Patterson ,  Graham ,  Hughes , 
& Milroy ,  1992 ;  Paa p &  Noel ,  1991) .  M o r e generally ,  th e 
dual-rout e mode l  (Baron ,  1973 ;  Coltheart ,  1978 ;  Meyer , 
Schvaneveldt ,  &  Ruddy ,  1974 )  give s a  predominan t  rol e t o 
th e visua l  route ,  becaus e th e assembl y o f  phonolog y i s be -
lieve d t o b e to o slo w t o affec t  lexica l  access .  A  sublexica l 
(o r  prelexical )  activatio n o f  phonolog y (comin g from  th e 
assembl y route )  ca n mak e som e contributio n t o wor d recog -
nitio n onl y fo r  ver y lo w frequency  words ,  tha t  is ,  thos e tha t 
ar e to o slowl y deal t  wit h b y th e lexica l  rout e (e.g. ,  Seiden -
berg ,  Waters ,  Barnes ,  &  Tanenhaus ,  1984) .  Furthermore , 
becaus e th e G P C rout e deliver s th e regula r  pronunciatio n o f 
a lette r  string ,  th e assemble d phonolog y i s beneficia l  onl y i n 
th e cas e o f  regula r  words ,  whil e i t  i s  detrimenta l  i n th e cas e 
of  word s wit h irregula r  spelling-soun d correspondence s 
(Colthear t  e t  al. ,  1993 ;  Colthear t  &  Rastle ,  1994) .  O n thi s 
account ,  writte n wor d recognitio n i n rea l  circumstance s i s 
largel y a  matte r  o f  direc t  visua l  acces s from  print . 

A radicall y differen t  vie w i s tha t  phonologica l  assembl y 
i s a  fas t  an d automati c proces s (e.g. ,  Perfetti ,  Bell ,  &  De -
laney ,  1988 ;  Perfett i  &  Bell ,  1991) ,  tha t  play s a n importan t 
rol e i n writte n wor d recognitio n (fo r  review s se e Beren t  & 
Perfetti ,  1995 ;  V a n Orde n e t  al. ,  1990) .  Phonologica l  prop -
ertie s o f  printe d word s ca n affec t  performanc e i n a  variet y 
of  readin g task s (se e Frost ,  1998 ,  fo r  review )  an d th e result s 
of  severa l  studie s sugges t  a  fas t  an d automati c assembl y 
process ,  precedin g wor d identification .  A  fas t  an d paralle l 
proces s o f  phonologica l  assembl y i s  implemente d i n th e 
recen t  connectionis t  "dual-process "  mode l  develope d b y 
Zorz i  an d colleague s (1998a ,  1998b ;  Zorzi ,  i n press) . 
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T h e R e l e a s e - F r o m - C o m p e t i t i o n Effec t 

I n 199 1 Paa p an d Noe l  reporte d a  n e w experimenta l  phe -
nomenon whic h seeme d t o provid e stron g evidenc e i n favo r 
of  a  "classic "  dual-rout e mode l  o f  reading .  Th e parlicipaiil s 
i n Paa p an d Noe l  experiment s ha d t o maintai n i n memor y a 
number  o f  digit s whil e readin g word s aloud .  Th e surprisin g 
findin g wa s tha t  a  m e m o r y loa d o f  fiv e digit s speede d th e 
pronunciatio n o f  lo w frequenc y exceptio n word s i n th e 
readin g tas k compare d t o a  m e m o r y loa d o f  on e digit .  B y 
contrast ,  hig h frequenc y exception s an d bot h hig h an d lo w 
frequenc y regula r  word s slowe d d o w n i n th e sam e compari -
son .  Th e speedin g o f  lo w frequenc y exceptio n wa s i n fac t 
predicte d b y Paa p an d Noe l  (althoug h a  concurren t  tas k 
usuall y ha s a  detrimenta l  effec t  o n performanc e o f  th e pri -
mar y task) .  The y m a d e specifi c  assumption s (withi n th e 
dual-rout e framework )  abou t  th e attentiona l  demand s o f  th e 
tw o readin g routes .  Paa p an d Noe l  propose d tha t  phonologi -
cal  assembl y i s les s automati c an d mor e attention -
demandin g tha n phonologica l  retrieval ;  therefore ,  th e for -
mer  woul d b e mor e susceptibl e t o interferenc e i n th e cas e o f 
a concurren t  task .  I n th e cas e o f  substantia l  slowin g o f  th e 
assembl y rout e (a s i n th e cas e o f  th e fiv e digit s  load) ,  th e 
lexica l  retrieva l  proces s woul d no t  b e affecte d b y th e com -
petin g candidat e tha t  ar e usuall y assemble d i n readin g ex -
ceptio n words .  Thus ,  lo w frequenc y exceptio n word s woul d 
not  suffe r  fro m th e competitio n derive d fro m th e existenc e 
of  conflictin g pronunciations .  Bernstei n an d Car r  (1996 ) 
named thi s effec t  "releas e fro m competition "  (o r  R F C ) .  Th e 
effec t  o f  th e loa d manipulatio n o n th e fou r  type s o f  word s 
ca n b e see n i n Figur e 1 . 

Paap &  Noe l 

B 70 0 -
690 -
680 -
670 -

o 
+ 
X 
» 

LF B e 
LF Reg 
HF Ej c 
HF Reg 

Load 

Figure 1: Data from Paap and Noel's (1991) study. The 

grap h show s th e effec t  o f  a  digi t  m e m o r y loa d (lo w = 

on e digit ;  hig h =  fiv e digits )  o n th e namin g latencie s i n 

th e readin g task . 

The striking results of Paap and Noel (1991) prompted 
some researche r  t o carr y ou t  follow-u p investigations .  Th e 
result s o f  thes e studie s hav e le d t o a  shar p controvers y re -
gardin g whethe r  th e phenomeno n reporte d b y Paa p an d 
Noel  i s rea l  an d whethe r  i t  ca n b e replicate d o r  not .  Onl y 
on e stud y b y Herdma n an d Becket t  (1996 )  replicate d th e 
R FC effect .  P e x m a n an d Lupke r  (1995 )  reporte d a  complet e 
failur e t o replicat e th e R F C effec t  i n a  serie s o f  fiv e experi -
ments .  I n thei r  experiments ,  al l  wor d type s slowe d d o w n 
unde r  th e hig h loa d conditio n (se e Figur e 2) .  Bernstei n an d 
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Car r  (1996 )  succeede d i n replicatin g th e R F C effect ,  bu t 
onl y i n a  subse t  o f  readers ,  suggestin g individua l  differ -
ence s i n th e architectur e o f  th e readin g system .  However , 
Pexman an d Lupke r  (1998 )  criticize d Bernstei n an d Carr' s 
findin g a s artifactua l  an d faile d t o replicat e i t  wit h a  differ -
ent  wa y o f  selectin g readers .  I n a  follow-u p stud y o f  th e 
individua l  difference s account ,  Bernstein ,  DeShon ,  an d Car r 
(1998 )  foun d littl e evidenc e o f  systemati c individua l  differ -
ence s i n th e occurrenc e o f  th e R F C effect .  Thus ,  Bernstei n 
et  al .  conclude d tha t  th e effec t  canno t  b e replicate d (bu t  se e 
Paap an d Herdman ,  1998 ,  fo r  opposin g views) . 

Pexman &  Lupke r  (Exp .  1 ) 

700 -

650 -

600 -

Load 

Figur e 2 :  Dat a fro m P e x m a n an d Lupker' s (1995 )  ex -
perimen t  1 .  Not e tha t  th e increasin g digi t  m e m o r y loa d (lo w 
= on e digit ;  hig h =  fiv e digits )  slowe d d o w n al l  wor d type s 
i n th e sam e wa y 

Simulations of the RFC Effect 

I t  i s  clea r  tha t  th e debat e concernin g th e Paa p an d Noe l 
(1991 )  phenomeno n ha s reache d stalemate .  Th e investiga -
tor s involve d i n thi s debat e hav e discusse d a t  lengt h wh y th e 
effec t  shoul d o r  shoul d no t  exist ,  focusin g o n th e prediction s 
derive d fro m differen t  model s and/o r  differen t  architectura l 
assumption .  However ,  thes e detaile d analyse s an d discus -
sion s hav e bee n carrie d ou t  onl y i n verba l  terms ,  tha t  i s 
withou t  actuall y testin g an y o f  th e availabl e computationa l 
models .  Pexma n an d Lupke r  (1995 )  hav e eve n hypothesize d 
ho w memor y loa d migh t  affec t  a  singl e rout e connectionis t 
model .  I n th e limit ,  thi s enterpris e migh t  b e misleading , 
becaus e th e behavio r  o f  a  comple x computationa l  mode l  ca n 
be neithe r  predicte d no r  inferre d withou t  actuall y runnin g 
th e simulations . 

I n thi s article ,  I  investigat e th e Paa p an d Noe l  (1991 ) 
phenomeno n throug h simulation s wit h th e Connectionis t 
Dual-Proces s mode l  (Zorz i  e t  al. ,  1998a )  an d wit h Colthear t 
et  al.' s  (1993 )  D R C (Dual-Rout e Cascade )  model .  Startin g 
wit h simpl e computationa l  assumption s regardin g th e effec t 
of  memor y loa d (whic h follo w direcd y th e assumption s 
made b y Paa p an d Noel) ,  I  asses s whethe r  th e R F C effec t 
can b e observe d i n th e model s i n an y o f  a  rang e o f  teste d 
conditions . 

Simulations with the Dual-Process Model 

Zorz i  e t  al .  (1998a )  develope d a  connectionis t  mode l  o f 
readin g wher e a  dual-rout e processin g syste m emerge s fro m 
th e interactio n o f  tas k demand s an d initia l  networ k archi -
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lectur e i n th e cours e o f  readin g acquisition .  I n thi s model , 
th e distinctio n betwee n phonologica l  assembl y an d lexica l 
retrieva l  i s  realize d i n th e for m o f  connectivit y (eithe r  direc t 
of  mediated )  betwee n orthographi c inpu t  an d phonologica l 
outpu t  pattern s (se e Houghto n &  Zorzi ,  1998 ,  fo r  simila r 
treatmen t  o f  th e proble m o f  learnin g th e sound-spellin g 
mappin g i n writing) .  Th e mode l  thu s maintain s th e unifor m 
computationa l  styl e o f  th e P D P models ,  bu t  make s a  clea r 
distinctio n betwee n lexica l  an d sublexica l  processe s i n 
reading .  Th e mode l  ha s bee n show n t o accoun t  fo r  a  numbe r 
of  empirica l  results ,  includin g th e interactio n betwee n fre -
quenc y an d regularity ,  th e effect s o f  consistency ,  th e effec t 
of  th e positio n o f  irregularity ,  th e interactio n betwee n wor d 
lengt h an d lexicality ,  an d th e impaire d performanc e o f  pa -
tient s wit h neuropsychologica l  disorder s (Zorz i  e t  al. , 
1998a ;  1998b ;  Zorzi .  i n press) . 

Th e tw o processin g pathway s o f  th e Dual-Proces s mode l 
ar e activate d i n paralle l  an d thei r  phonologica l  outpu t  build s 
up ove r  tim e i n a  cascade d fashion .  However ,  i n contras t  t o 
a classi c dual-rout e horserac e model ,  th e processin g rate s o f 
th e tw o route s ar e ver y simila r  (th e assembl y rout e i s actu -
all y faste r  tha n th e lexica l  route) .  Followin g Paa p an d 
Noe l s (1991 )  assumptio n tha t  a  digi t  memor y loa d slow s 
d o w n processin g i n th e assemble d route ,  th e effec t  o f  m e m-
or y loa d wa s simulate d i n th e Dual-Proces s mode l  b y ma -
nipulatin g th e ram p paramete r  o f  th e phonologica l  assembl y 
route .  Thi s paramete r  dictate s th e numbe r  o f  processin g 
cycle s tha t  ar e necessar y fo r  th e assembl y rout e t o reac h it s 
asymptoti c (i.e. ,  m a x i m u m )  outpu t  value .  Therefore ,  a n 
increas e i n th e valu e o f  ram p correspond s t o a  slowe r  pro -
ductio n o f  th e assemble d phonolog y i n th e model . 

Method The low load condition was simulated by holding 
th e ram p paramete r  unchange d ( 8 cycles) .  Tha t  i s  t o say ,  th e 
lo w loa d conditio n wa s a  no-loa d conditio n i n th e model . 
For  th e hig h loa d condition ,  th e mode l  wa s teste d wit h tw o 
differen t  value s o f  th e ram p parameter ,  tha t  i s  1 5 an d 2 0 
cycles .  Th e wor d list s use d b y Paa p an d Noe l  (1991 )  wer e 
submitte d t o th e model .  O f  th e 4 0 word s use d i n th e Paa p 
and Noe l  study ,  8  wer e no t  i n th e model' s lexico n (tw o o f 
thes e wer e bisyllabic ,  an d fou r  othe r  wer e inflecte d words ) 
and wer e therefor e excluded .  Becaus e th e word s ar e 
matche d i n quadruplets ,  th e thre e correspondin g word s fo r 
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each o f  th e exclude d wor d wer e remove d fro m th e analyses . 
Thi s lel l  wit h 1 4 word s i n eac h list . 

R T dat a wer e collecte d fro m th e mode l  b y firs t  runnin g 
th e wor d list s wit h th e origina l  model' s paramete r  (lo w loa d 
condition) .  Th e sam e list s wer e presente d t o th e mode l  tw o 
othe r  time s wit h th e assembl y ram p paramete r  change d t o 
15 an d the n t o 2 0 cycles . 

Results - Ramp 15 The RT data obtained from the model 
wer e analyze d i n a  2  (Frequency :  hig h vs .  low )  X  2 
(Regularity :  regula r  vs .  exception )  X  2  (Load :  lo w vs .  high ) 
repeate d measure s analysi s o f  variance .  Th e effect s o f  fre -
quenc y (F, ,  =64.72 ,  Mse=91.08 ,  p<.001) ,  regularit y 
(F ,  ,,=39.45 ,  Mse=23.22 ,  p<.001) ,  a s wel l  a s thei r  interac -
tio n (Fj|, = 17.67 ,  M s e = 9.72 ,  p=.001 )  wer e significant . 
Namin g latencie s fo r  hig h frequenc y word s (2.6 2 cycles ) 
wer e faste r  compare d t o lo w frequenc y word s (4.4 3 cycles) , 
and regula r  word s (3.07 )  wer e faste r  compare d t o exceptio n 
word s (3.98) .  Th e effec t  o f  loa d wa s significan t 
(F,„=162.87 ,  Mse=33.22 ,  p<.001) ,  showin g tha t  namin g 
latencie s unde r  hig h loa d (4.07 )  wer e longe r  tha n unde r  lo w 
loa d (2.98) .  However ,  loa d interacte d wit h bot h regularit y 
(Fj„=36.38 ,  Mse=3.22 ,  p<.001 )  an d frequenc y (Fj,3=33.85 , 
Mse=8.58 ,  p<.001) .  Tha t  is ,  loa d wa s mor e affectin g lo w 
frequenc y word s (3. 6 vs .  5.24 )  tha n hig h frequenc y word s 
(2.3 5 vs .  2.89) ,  an d regula r  word s (2.3 5 vs .  3.78 )  mor e tha n 
exceptio n word s (3.6 0 vs .  4.35) .  Th e three-wa y interactio n 
was no t  significant .  Th e result s ar e show n i n Figur e 3 ,  pane l 
A. 

Results - Ramp 20 The RT data obtained from the model 
wer e analyze d i n a  2  (Frequency :  hig h vs .  low )  X  2 
(Regularity :  regula r  vs .  exception )  X  2  (Load :  lo w vs .  high ) 
repeate d measure s analysi s o f  variance .  Th e effect s o f  fre-
quenc y (F ,  ,, = 114.49 ,  Mse=106.08 ,  p<.001) ,  regularit y 
(F ,  ,3=38.21 ,  Mse=16.51 ,  p<.001) ,  a s wel l  a s thei r  interac -
tio n (F,„ = 13.72 ,  M s e = 7.51 ,  p<.01 )  wer e significant .  Th e 
effec t  o f  loa d wa s significan t  (F ,  ,,=250.13 ,  Mse=58.58 , 
p<.001) ,  showin g tha t  namin g latencie s unde r  hig h loa d 
(4.43 )  wer e longe r  tha n unde r  lo w loa d (2.98) .  However , 
loa d interacte d wit h bot h regularit y (F ^  ,,=52.36 ,  Mse=6.51 , 
p<.001 )  an d frequenc y (F^„=49.81 ,  Mse=13.58 ,  p<.001) . 
Th e three-wa y interactio n wa s significan t  (F3,3=4.94 , 
Mse=.72 ,  p<.05 .  Th e result s ar e show n i n Figur e 3 ,  pane l  B . 
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Figur e 3 :  Result s o f  th e loa d manipulatio n wit h th e Dual-Proces s model .  Pane l  A :  ram p parame -
te r  wa s se t  t o 1 5 cycle s (Rampl5) .  Pane l  B :  ram p paramete r  wa s se t  t o 2 0 cycle s (Ramp20) . 
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Discussio n Inspectin g th e graph s i n Figur e 3 ,  i t  ca n b e 
note d tha t  th e result s ar e quit e simila r  fo r  bot h value s o f 
ramp .  Mor e important ,  however ,  i s  tha t  i n bot h case s th e 
model  doe s no t  sho w a  R F C effect .  Tha t  is ,  th e signifitun t 
interaction s i n th e tw o anov a qualif y a  patter n tha t  i s ver y 
differen t  fro m tha t  foun d b y Paa p an d Noe l  (1991) .  Th e 
loa d manipulatio n doe s no t  spee d u p an y o f  th e wor d types . 
Loa d ha s mor e impac t  o n lo w frequenc y words ;  withi n lo w 
frequenc y words ,  th e detrimenta l  effec t  o f  loa d i s maxima l 
fo r  th e regula r  words .  Thi s patter n o f  result s ca n b e ascribe d 
t o th e reduce d contributio n o f  phonologica l  assembl y i n th e 
model .  Note ,  however ,  tha t  loa d ha s som e effec t  o n th e hig h 
frequenc y word s a s well .  Thi s i s becaus e th e assembl y pro -
cedur e i n th e Dual -  Proces s mode l  i s a  fas t  process ,  inter -
actin g wit h th e lexically-derive d phonolog y eve n i n th e cas e 
of  hig h frequenc y words . 

The patter n produce d b y th e Dual-Proces s mode l  resem -
ble s rathe r  closel y tha t  foun d b y Pexma n an d Lupke r  (1995 ) 
i n thei r  Experimen t  1 ,  whic h attempte d t o replicat e th e Paa p 
and Noe l  (1991 )  phenomeno n usin g th e sam e experimenta l 
material . 

Simulations with the DRC model 

The D R C mode l  (Colthear t  e t  al. ,  1993 ;  Colthear t  &  Rastle , 
1994 )  i s a  traditiona l  dual-rout e model ,  wher e th e assembl y 
procedur e i s conceptualize d (an d implemented )  a s a  slow , 
seria l  route ,  operatin g o n grapheme-phonem e correspon -
dences .  Not e tha t  thi s characterizatio n perfectl y fit s  th e 
dual-rout e horse-rac e mode l  describe d b y Paa p an d Noe l 
(1991) .  Therefore ,  i t  migh t  b e anticipate d tha t  D R C i s th e 
model  tha t  woul d mos t  likel y sho w a  patter n simila r  t o th e 
Paap an d Noe l  phenomenon .  I n contras t  t o th e Dual-Proces s 
model ,  th e processin g rate s o f  th e tw o route s ar e quit e dif -
ferent .  I n thi s regard ,  th e ke y featur e o f  D R C i s tha t  th e 
lexica l  rout e operate s i n paralle l  o n th e lette r  constituent s o f 
th e inpu t  word ,  wherea s th e assembl y (GPC )  rout e operate s 
seriall y  o n th e individua l  letters .  Th e letter s ar e therefor e 
submitte d t o th e G P C rout e on e a t  a  time ,  wit h th e spee d o f 
seria l  processin g determine d b y a  paramete r  specifyin g th e 
tim e interva l  betwee n submissio n o f  eac h letter .  Suc h pa -
ramete r  i s tie d t o th e processin g i n th e lexica l  route ,  an d i s 
therefor e measure d i n processin g cycles .  Th e paramete r  i s 
normall y se t  t o 17 ;  tha t  is ,  eac h lette r  i s  submitte d t o th e 
G PC algorith m ever y 1 7 processin g cycle s i n th e lexica l 
route .  A n increas e o f  th e interva l  woul d slo w dow n th e as -
sembl y procedur e an d a s suc h i s a  goo d candidat e fo r 
simulatin g a  memor y loa d manipulation .  A  secon d parame -
te r  o f  D R C whic h ca n b e usefu l  t o simulat e a  memor y loa d 
conditio n i s th e strengt h o f  th e G P C procedure ,  tha t  is ,  th e 
excitatio n receive d b y th e phonem e syste m whe n a  give n 
phoneme i s produce d b y th e G P C rules . 

Method A procedure similar to that used with the Dual-
Proces s mode l  wa s employe d t o investigat e th e effec t  o f 
memory loa d i n D R C ( I  a m gratefu l  t o Kath y Rastl e fo r 
runnin g th e simulations) .  Th e lo w loa d conditio n wa s 
simulate d i n D R C b y holdin g al l  G P C parameter s un -
change d (inter-lette r  interval=1 7 cycles ;  G P C excita -
tion=.055) .  Thus ,  similarl y t o th e simulation s wit h th e Dual -
Proces s model ,  th e lo w loa d conditio n wa s actuall y a  no -

loa d condition .  Fo r  th e hig h loa d condition ,  th e mode l  wa s 
teste d wit h tw o differen t  value s o f  th e inter-lette r  interva l 
parameter ,  whic h wa s increase d t o 2 5 an d t o 5 0 cycles .  I n 
addition ,  a  thir d simulatio n o f  th e hig h loa d conditio n wa s 
obtaine d b y reducin g th e strengt h o f  G P C excitatio n fro m 
.05 5 t o .03 . 

The wor d list s use d b y Paa p an d Noe l  (1991 )  wer e sub -
mitte d t o th e model .  O f  th e 4 0 word s use d i n th e Paa p an d 
Noel  study ,  4  wer e no t  i n th e model' s lexico n (tw o o f  thes e 
wer e bisyllabic )  an d on e wa s wron g i n th e database .  Thes e 
word s wer e therefor e excluded ,  an d th e correspondin g 
matche d word s i n th e othe r  thre e list s wer e remove d fro m 
th e analyses .  Thi s lef t  wit h 1 5 word s i n eac h list . 

RT dat a wer e collecte d fro m th e mode l  b y firs t  runnin g 
th e wor d list s wit h th e origina l  model' s paramete r  (lo w loa d 
condition) .  Th e sam e list s wer e presente d t o th e mode l  thre e 
othe r  time s wit h th e G P C parameter s altere d a s t o simulat e 
th e hig h loa d condition . 

Results - Inter-letter interval 25 The RT data obtained 
fro m th e mode l  wer e analyze d i n a  2  (Frequency :  hig h vs . 
low )  X  2  (Regularity :  regula r  vs .  exception )  X  2  (Load :  lo w 
vs .  high )  repeate d measure s analysi s o f  variance .  Th e ef -
fect s o f  frequenc y (F ,  ,,=42.58 ,  Mse=I209.68 ,  p<.001 )  an d 
regularit y (F,„=21.17 ;  Mse=880.21 ,  p<.001 )  wer e signifi -
cant .  Thei r  interaction ,  however ,  wa s no t  significan t  (Fj,, = 
.46 ,  M s e = 20.01 ,  p>.5) .  Namin g latencie s fo r  hig h fre -
quenc y word s (76. 9 cycles )  wer e faste r  compare d t o lo w 
frequenc y word s (83. 2 cycles) ,  an d regula r  word s (77. 3 
cycles )  wer e faste r  compare d t o exceptio n word s (82. 7 cy -
cles) .  Th e effec t  o f  loa d wa s no t  significan t  (F,,,=1.16 , 
Mse=8.01 ,  p>.l) .  However ,  loa d interacte d wit h regularit y 
(Fj„=14.91 ,  Mse=81.68 ,  p=.002) .  Tha t  is ,  regula r  word s 
slowe d dow n unde r  hig h loa d (76. 8 vs .  77. 9 cycles) , 
wherea s exceptio n word s spe d u p (83. 8 vs .  81. 7 cycles) . 
The loa d b y frequenc y an d th e three-wa y interaction s wer e 
not  significant .  Th e result s ar e show n i n Figur e 5 ,  pane l  A . 

Results - Inter-letter interval 50 The RT data obtained 
fro m th e mode l  wer e analyze d i n a  2  (Frequency :  hig h vs . 
low )  X  2  (Regularity :  regula r  vs .  exception )  X  2  (Load :  lo w 
vs .  high )  repeate d measure s analysi s o f  variance .  Th e ef -
fect s o f  frequenc y (F,„=46.56 ,  Mse=974.70 ,  p<.001 )  an d 
regularit y (F,,,=12.76 ,  Mse=410.70 ,  p<.01 )  wer e signifi -
cant .  Thei r  interaction ,  however ,  wa s no t  significan t  (¥̂ ĵ = 
.09 ,  M s e = 2.13 ,  p>.7) .  Namin g latencie s fo r  hig h frequenc y 
word s (75. 2 cycles )  wer e faste r  compare d t o lo w frequenc y 
word s (80. 2 cycles) ,  an d regula r  word s (76. 2 cycles )  wer e 
faste r  compare d t o exceptio n word s (79. 9 cycles) .  Th e ef -
fec t  o f  loa d wa s significan t  (F,,,=72.10 ,  Mse=616.53 , 
p<.001) ,  showin g tha t  namin g latencie s unde r  lo w loa d 
(80. 3 cycles )  wer e longe r  tha n unde r  hig h loa d (75. 8 cy -
cles) .  Loa d interacte d wit h regularit y (Fj,4=50.80 , 
Mse=340.03 ,  p<.001) .  Tha t  is ,  bot h regula r  an d exceptio n 
word s wer e faste r  unde r  hig h loa d compare d t o lo w load , 
but  exceptio n word s spe d u p (83. 8 vs .  75. 9 cycles )  mor e 
tha n regula r  word s (76. 7 vs .  75. 6 cycles) .  Th e loa d b y fre -
quenc y interactio n wa s no t  significant ,  bu t  th e three-wa y 
interactio n wa s reliabl e (F,,,=5.86 ,  Mse=38.53 ,  p<.05 .  Th e 
result s ar e show n i n Figur e 5 ,  pane l  B . 
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Result s -  C P C Excitatio n .0 3 Th e R T dat a obtaine d fro m 
th e mode l  wer e analyze d i n a  2  (Frequency :  hig h vs .  low )  X 
2 (Regularity :  regula r  vs .  exception )  X  2  (Load :  lo w vs . 
high )  repeate d measure s analysi s o f  variance .  Th e effect s o f 
frequenc y (F,„=47.iy ,  M s e = 1098.08 ,  p<.00i )  an d regular -
it y  (F ,  ,,=20.48 ,  Mse=658.01 ,  p<.001 )  wer e significant . 
Thei r  interaction ,  however ,  wa s no t  significan t  (F2|4 = .94 , 
M s e= 20.01 ,  p>.3) .  Namin g latencie s fo r  hig h frequenc y 
word s (75. 7 cycles )  wer e faste r  compare d t o lo w frequenc y 
word s (81. 8 cycles) ,  an d regula r  word s (76.4 )  wer e faste r 
compare d t o exceptio n word s (81.1) .  Th e effec t  o f  loa d wa s 

Inter2 5 InterS O 

significan t  (F ,  ,,=45.55 ,  Mse=285.21 ,  p<.001) ,  showin g tha t 
namin g latencie s unde r  lo w loa d (80. 3 cycles )  wer e longe r 
tha n unde r  hig h loa d (77. 2 cycles) .  Loa d interacte d wit h 
regularit y (F,|,=32.92 ,  Mse=170.41 ,  p<.001) .  Tha t  is ,  ex -
ceptio n word s wer e faste r  unde r  hig h loa d compare d t o lo w 
loa d (83. 8 vs .  78. 4 cycles) ,  wherea s th e effec t  o f  loa d fo r 
th e regula r  word s wa s quit e smal l  (76. 8 vs .  76. 1 cycles) . 
The loa d b y frequenc y interactio n wa s no t  reliable ,  bu t  ther e 
was a  tren d toward s a  three-wa y interactio n (F,„=3.27 , 
Mse=10,21 ,  p=.09 .  Th e result s ar e show n i n Figur e 5 ,  pane l 
C. 
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Figur e 5 :  Result s o f  th e loa d manipulatio n wit h th e D R C model .  Pane l  A :  th e inter-lette r  interva l 
was se t  t o 2 5 cycle s (Inter25) .  Pane l  B :  th e inter-lette r  interva l  wa s se t  t o 5 0 cycle s (Inter50) . 
Panel  C :  G P C excitatio n wa s se t  t o 0.0 3 (gpc.03) . 

Discussio n Inspectin g th e graph s i n Figur e 5 ,  i t  ca n b e see n 
tha t  th e result s produce d b y th e thre e differen t  hig h loa d 
condition s ar e similar ,  i n particula r  fo r  Inter5 0 an d gpc.03 . 
The crucia l  finding,  however ,  i s  tha t  i n al l  case s th e lo w 
frequenc y exceptio n word s spee d u p unde r  hig h load .  Thus , 
i t  woul d see m tha t  th e D R C mode l  produce s th e R F C effect . 
However ,  othe r  wor d type s spee d u p unde r  hig h load .  Fo r 
instance ,  hig h frequenc y exceptio n word s benefi t  o f  th e 
hig h loa d a s muc h a s th e lo w frequenc y exceptions .  Wha t  i s 
mor e striking ,  however ,  i s  tha t  eve n hig h frequenc y regula r 
word s spee d u p unde r  hig h loa d i n tw o o f  th e simulations , 
wherea s lo w frequenc y regulsi r  word s ar e virtuall y unaf -
fecte d b y th e loa d manipulation .  I t  shoul d b e clea r  tha t  thi s 
patter n doe s no t  matc h tha t  foun d b y Paa p an d Noe l  (1991) . 
Thi s become s mor e eviden t  b y visuall y comparin g th e 
origina l  dat a fro m Paa p an d Noe l  i n Figur e 1  wit h th e 
graph s o f  Figur e 5 . 

General Discussion 

Paap an d Noel' s (1991 )  R F C phenomeno n i s  potentiall y 
ver y importan t  because ,  i f  real ,  i t  pose s a  numbe r  o f  con -
sU-aint s o n th e architectura l  an d processin g assumption s o f 
readin g models .  Thi s i s wh y th e controvers y abou t  it s  repli -
cabilit y ha s bee n relativel y shar p (e.g. ,  Bernstei n &  Carr , 
1996 ;  Bernstei n e t  al. ,  1998 ;  Paa p &  Herdman ,  1998 ;  Pex -
m an &  Lupker ,  1995 ,  1998) .  However ,  th e theoretica l  de -
bat e ha s bee n carrie d ou t  o n purel y verba l  grounds .  Fo r  ex -
ample ,  Paa p an d Noe l  predicte d tha t  slowin g dow n th e 
nonlexica l  rout e (throug h a  digi t  memor y load )  woul d fa -
cilitat e processin g o f  lo w frequenc y exceptio n words .  Pex -
m an an d Lupke r  (1995 )  argue d tha t  th e sam e resul t  coul d b e 
explaine d withi n a  single-rout e P D P account :  the y specu -
late d tha t  a  memor y loa d woul d hinde r  th e abilit y o f  th e 

competitor s o f  th e correc t  wor d pronunciatio n t o compet e 
durin g a  phonologica l  cleanu p process .  Th e debat e ha s 
reache d stalemat e fo r  tw o mai n reasons :  first,  severa l  stud -
ie s faile d t o replicat e th e R F C phenomeno n (eve n whe n 
possibl e individua l  difference s amon g reader s wher e con -
sidered ;  Pexma n &  Lupker ,  1995 ,  1998 ;  Bernstei n e t  al. , 
1998) ,  bu t  a t  leas t  on e stud y provide d a  complet e replicatio n 
of  th e effec t  (Herdma n &  Beckett ,  1996) ;  second ,  th e vari -
ous prediction s and/o r  account s hav e no t  bee n teste d com -
putationally . 

The basi c questio n addresse d b y th e presen t  stud y i s no t 
tha t  o f  replicabilit y  o f  th e effect ,  bu t  rathe r  tha t  o f  whethe r  a 
dual-rout e processin g syste m doe s actuall y predic t  th e Paa p 
and Noe l  phenomenon .  Th e R F C effec t  wa s investigate d 
usin g tw o computationa l  model s o f  reading :  th e D R C mode l 
and th e Dual-Proces s model .  I  assumed ,  followin g Paa p an d 
Noel  (1991) ,  tha t  a  memor y loa d slow s dow n th e nonlexica l 
route .  However ,  th e simulation s wit h bot h model s faile d t o 
produc e th e complet e Paa p an d Noe l  phenomenon .  Th e 
Dual-Proces s mode l  showe d a  patter n o f  result s tha t  resem -
ble d th e findings  o f  Pexma n an d Lupke r  (1995) .  Th e simu -
lation s wit h th e D R C mode l  reveale d a  mor e comple x pat -
tern ,  bu t  n o simulatio n resemble d th e overal l  patter n ob -
serve d b y Paa p an d Noe l  (1991) .  Thi s migh t  b e surprising , 
give n tha t  th e architectura l  an d processin g assumption s o f 
th e D R C mode l  appea r  t o largel y overla p wit h Paa p an d 
Noel' s ow n characterizatio n o f  th e dual-rout e model . 

I n summary ,  th e presen t  stud y ha s importan t  implication s 
fo r  th e debat e concernin g th e Paa p an d Noe l  (1991 )  phe -
nomenon.  Indeed ,  th e prediction s mad e b y Paa p an d Noe l 
wer e no t  confirme d i n eithe r  o f  tw o differen t  computationa l 
implementation s o f  dual-rout e theorie s (th e Dual-Proces s 
model  an d th e D R C model) .  Th e model s fai l  t o produc e th e 
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effec t  eve n whe n Paa p an d Noel' s assumption s ar e accu -
ratel y implemente d i n th e simulations .  Thi s findin g cast s 
furthe r  doubt s abou t  th e realit y o f  th e phenomenon . 
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