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Dual-tas k Interferenc e W h e n a  Respons e i s No t  Require d 

Mark Van Selst (MVSELSTiavisiON. arc . NASA. gov) 
James C .  Johnsto n (jcjohnston@mai l  .  ARC.  NASA.  GOV) 

NASA Ames Researc h Center .  M S 262-2 ,  Moffet t  Field ,  CA,  94035-100 0 

Abstrac t 

When subjects are required to respond to two stimuli 
presente d i n rapi d succession ,  response s t o th e secon d 
stimulu s ar e delayed .  Suc h dual-tas k interferenc e ha s bee n 
attribute d t o a  fundamenta l  processin g bottlenec k 
preventin g simultaneou s processin g o n bot h tasks .  T w o 
experiment s sho w dual-tas k interferenc e eve n whe n th e 
first  tas k doe s no t  requir e a  response .  Th e observe d 
interferenc e i s cause d b y a  bottlenec k i n centra l  cognitiv e 
processing ,  rathe r  tha n i n respons e initiatio n o r  execution . 

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

When human observers are required to respond to two 
stimul i  presente d i n rapi d succession ,  response s t o th e 
secon d stimulu s ar e typicall y delayed ,  ofte n b y severa l 
hundre d milliseconds .  Thi s for m o f  dual-tas k interference , 
know n a s th e psychologica l  refractor y perio d (PRP )  effect , 
has bee n foun d wit h a  wid e rang e o f  tasks ,  includin g ver y 
simpl e ones .  Becaus e th e phenomen a appear s t o reflec t  a 
sever e limitatio n o n h u m a n paralle l  tas k performance ,  i t  ha s 
been th e subjec t  o f  intensiv e empirica l  an d theoretica l 
interest . 

A considerabl e bod y o f  empirica l  evidenc e indicate s tha t 
th e P R P effec t  i s  cause d b y a  processin g bottlenec k tha t 
prevent s on e o r  mor e stage s o f  processin g fro m bein g carrie d 
out  simultaneousl y o n bot h task s (Pashler ,  1994 ;  Pashle r  & 
Johnston ,  1989) .  Thus ,  on e o r  mor e stage s o f  tas k 2 
processin g ar e subjec t  t o postponement ,  an d canno t  tak e 
plac e unti l  afte r  th e correspondin g stage(s )  o f  tas k 1  ar e 
completed .  Althoug h i t  i s  common l y hypothesize d tha t  th e 
bottlenec k i s a  centra l  processin g limitatio n (Welford ,  1959 ; 
Smith ,  1969 ;  Pashler ,  1994) ,  th e bottlenec k locu s remain s 
controversial .  I n thi s pape r  w e examin e th e exten t  t o whic h 
P RP interferenc e depend s upo n th e menta l  processin g 
require d t o se t  u p an d execut e responses .  Evidenc e fro m th e 
curren t  investigatio n shoul d hel p t o pi n dow n whethe r  an y 
outpu t  processin g i s require d fo r  P R P interferenc e t o obtain . 

The timelin e fo r  a  simpl e bottlenec k mode l  i s illustrate d 
i n Figur e I .  Fo r  simplicity ,  w e assum e tha t  eac h tas k ca n b e 
decompose d int o thre e stage s — A ,  B ,  an d C .  Tas k I 
processin g begin s wit h th e presentatio n o f  th e tas k 1 
stimulus ,  SI ,  an d continue s throug h th e thre e stages , 
ultimatel y producin g th e over t  respons e R l .  I f  th e stimul i 
ar e widel y separate d i n tim e (to p panel ,  lon g stimulu s onse t 
asynchron y (SOA]) ,  processin g o n tas k 2  i s  unimpeded , 
yieldin g a  baselin e fo r  tas k 2  respons e time s (RT2) .  If , 
however ,  th e S O A i s ver y shor t  (botto m panel) ,  tas k 2  i s 
subjec t  t o interference .  Earl y perceptua l  processin g o n tas k 2 

(stag e 2 A )  start s wit h th e onse t  o f  S2 ,  bu t  tas k 2  processin g 
i s hel d u p a t  th e star t  o f  2 B an d canno t  resum e unti l  th e 
bottlenec k stag e (stag e B )  i s cleare d b y tas k 1 .  Accordin g t o 
thi s model ,  th e increas e i n R T 2 (th e P R P )  i s cause d b y th e 
force d postponemen t  o f  tas k 2  processing .  Thi s 
postponemen t  — th e ga p i n th e timelin e fo r  tas k 2 
processin g betwee n 2 A an d 2 B — i s  k n o w n a s cognitiv e 
slack . 
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Figure 1. Task 2 processing (2A, IB, 2C) is unaffected by-
Tas k I  processin g (IA ,  IB ,  JC )  whe n th e stimul i  fo r  th e 
tw o task s (S I  an d S2 )  ar e fa r  apar t  i n tim e (Lon g S O A , 
uppe r  panel) .  Tas k 2  processin g a t  stag e 2 B ha s t o wai t  fo r 
Tas k I  processin g a t  stag e I B t o ru n t o completio n befor e 
Tas k 2  processin g ca n continue .  W h e n th e Tas k 2  stimulu s 
i s presente d i n clos e tempora l  proximit y t o th e Tas k 1 
stimulu s (Shor t  S O A ,  lowe r  panel) .  Tas k 2  processin g may -
be delaye d (th e postponemen t  i s  show n b y th e horizonta l 
dashe d lines) .  Thi s dela y i n Tas k 2  processin g lead s t o 
longe r  respons e tim e t o Tas k 2  (RT2 :  th e tim e intenal 
betwee n S 2 an d R2 )  wit h decreasin g SOA .  Additionally ,  th e 
effec t  o f  pre-bottlenec k tas k 2  manipulation s (shade d 2 A ) 
hav e les s o f  a n effec t  o n R T 2 wit h decreasin g S O A sinc e th e 
effec t  get s absorbe d int o th e "slac k tim e "  whil e waitin g fo r 
th e completio n o f  Tas k I  processin g a t  stag e I B (middl e 
Tas k 2  diagrams) .  Th e impac t  o f  Post-bottlenec k tas k 2 
manipulation s (shade d 2B )  ar e unaffecte d b y SOA . 
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Figur e 1  als o illustrate s a  uniqu e predictio n o f 
postponemen t  models .  Manipulation s affectin g pre -
bottlenec k processin g (show n b y th e adde d shade d regio n o f 
2 A )  impac t  R T 2 onl y a t  th e lon g S O A ,  whe n th e bottlenec k 
does no t  limi t  performance .  A t  th e shor t  S O A addin g tim e 
t o 2 A ha s n o effec t  o n R T 2 becaus e th e adde d tim e i s 
absorbe d int o cognitiv e slac k whil e tas k 2  i s waitin g fo r  th e 
bottlenec k stag e (Pashle r  &  Johnston ,  1989 ;  Schweicker t  & 
Boggs .  1984) . 

Suppose ,  however ,  a  manipulatio n increase s th e duratio n 
of  th e centra l  stag e o f  tas k 2  (show n b y th e adde d .shade d 
regio n o f  2B) .  Stag e 2 B occur s afte r  th e cognitiv e slac k i n 
tas k 2  processing ,  thu s absorptio n int o slac k canno t  occu r 
and th e adde d tim e increase s R T 2 a t  th e lon g an d shor t 
S O A s. 

Empirica l  test s o f  thes e prediction s hav e supporte d centra l 
botUenec k models .  Manipulation s o f  stag e 2A .  suc h a s 
stimulu s degradation ,  hav e attenuate d effect s a t  shor t  S O A s 
(Pashle r  &  Johnston ,  1989 ;  D e Jong ,  1993) .  Manipulatio n 
of  centra l  stages ,  suc h a s respons e selection ,  ar e reportedl y 
unaffecte d b y S O A (e.g. ,  stimulus-respons e compatibility , 
M c C a nn &  Johnston ,  1992 ;  numbe r  o f  respons e 
alternatives .  Va n Sels t  an d Jolicoeur ,  1997) .  Fo r  a  review , 
see Pashle r  (1994) . 

I n thi s paper ,  w e examin e th e rol e o f  respons e processe s 
i n P R P interferenc e b y varyin g th e respons e requirement s o f 
tas k 1 .  S o m e tas k 1  stimul i  requir e a  respons e (G o trials) . 
For  thes e trials ,  tas k 1  wil l  requir e al l  th e usua l  processin g 
stages ,  includin g centra l  respons e selectio n an d respons e 
initiation .  Othe r  tas k I  stimul i  wil l  no t  requir e a  respons e 
(No-G o trials) .  Thes e no-g o trial s clearl y d o no t  requir e 
respons e initiatio n an d m a y o r  ma y no t  requir e respons e 
selection .  A t  most ,  no-g o processin g shoul d onl y requir e th e 
minima l  decisio n t o no t  respond . 

I f  R T 2 i s slowe d wit h decreasin g S O A fo r  th e no-g o trial s 
(no-g o P R P ) ,  th e bottlenec k limitin g performanc e i s no t  a 
respons e initiatio n o r  respons e executio n bottleneck . 

I f  R T 2 i s slowe d fo r  bot h g o an d no-g o trials ,  bu t  mor e 
fo r  g o trial s tha n fo r  no-g o trials ,  th e differenc e i n th e P R P 
obtaine d shoul d reflec t  th e differenc e i n th e amoun t  o f 
bottlenec k processing .  W e argu e tha t  an y obtaine d differenc e 
primaril y  reflect s "extra "  o r  "additional "  centra l  processing . 

The presen t  experiment s als o allo w u s t o tes t  on e o f  th e 
claim s o f  Meyer ,  Kieras ,  Lauber ,  Schumacher ,  Glass , 
Zurbriggen ,  Gmeindl ,  an d Apfeibla t  (1995) .  Meye r  e t  al . 
clai m tha t  th e centra l  bottlenec k i s no t  a  necessar y structura l 
propert y o f  huma n cognitiv e architecture ,  bu t  reflect s a 
strategi c choic e o f  subject s t o produc e over t  response s i n 
sequentia l  order .  O n no-g o trials ,  ther e i s n o over t  R l 
respons e t o whic h R 2 need s t o b e sequenced ,  s o ther e i s n o 
strategi c reaso n fo r  delayin g R2 .  Hence ,  i f  P R P delay s ar e 
strategic ,  the y shoul d disappea r  o n no-g o trials . 

Previou s wor k ha s indicate d tha t  tas k 1  no-g o trial s d o 
produc e dual-tas k interferenc e (e.g. ,  Bertelso n an d Tisseyre , 
1969 ;  D e Jong ,  1993 ;  Kerr ,  1983 ;  Smith ,  1967) .  Althoug h 
thi s interferenc e i s consisten t  wit h th e centa l  bottlenec k 
model ,  ther e ar e alternat e hypotheses . 

Most  previou s dual-tas k experiment s usin g th e go/no-g o 

procedur e hav e ha d onl y a  singl e possibl e g o response . 
Under  thes e conditions ,  subject s m a y begi n th e antecedent s 
of  respondin g o n al l  trial s (analogou s t o a  batte r  preparin g t o 
swin g o n al l  pitches )  an d upo n identifyin g th e no-g o 
stimulus ,  ma y hav e t o initiat e processe s t o hal t  th e respons e 
i n progres s (lik e th e batte r  w h o "checks "  hi s swin g o n ba d 
pitches) .  Thus ,  wit h onl y a  singl e typ e o f  g o response ,  no -
go P R P ma y reflec t  outpu t  processin g afte r  all . 

T o avoi d thi s problem ,  Bertelso n an d Tisseyr e (1969 )  use d 
tw o differen t  g o stimuli ,  eac h requirin g a  differen t  response . 
Wit h thi s design ,  th e require d respons e i s no t  know n unti l 
afte r  centra l  processing ;  thu s ther e shoul d b e n o pre -
initiatio n o f  outpu t  processin g o n no-g o trials . 

Bertelso n an d Tisseyr e repor t  th e surprisin g resul t  tha t 
tas k 1  no-g o trial s no t  onl y produc e P R P interference ,  bu t 
tha t  th e interferenc e i s jus t  a s muc h a s fo r  g o trials .  Thi s 
finding  ma y reflec t  th e us e o f  complicate d stimulus-respons e 
mapping s an d th e potentia l  fo r  cross-tal k betwee n th e 
response s fro m th e tw o task s (eac h tas k require d manua l 
responses ,  an d eac h use d fingers  fro m bot h hands) .  W e wis h 
t o investigat e th e muc h simple r  situatio n wher e onl y highl y 
compatibl e stimulus-respons e mapping s ar e required ,  an d 
eac h tas k use s a  differen t  respons e modality .  Thi s shoul d 
facilitat e decouplin g outpu t  processin g fo r  th e tw o task s 
(McLeod ,  1977) .  Henc e w e retai n Bertelso n an d Tisseyre' s 
use o f  multipl e alternativ e g o stimuli ,  bu t  ar e carefu l  t o 
avoi d unnecessar y interferenc e i n earl y an d lat e periphera l 
processing .  I n ou r  design ,  on e tas k ha s visua l  stimul i  an d 
th e othe r  auditory ,  an d th e response s ar e mad e b y han d an d 
foo t  (Experimen t  I) ,  o r  b y voic e an d han d (Experimen t  2) . 

Experiment 1 

One of our goals was to carry out tests of the bottleneck 
model  o f  P R P interferenc e o n th e sam e dat a se t  tha t  teste d 
th e differentia l  effect s o f  g o an d no-g o processin g o n th e siz e 
of  th e PRP . 

We use d tw o test s o f  th e centra l  bottlenec k model .  T o tes t 
fo r  absorptio n int o slac k (se e above )  w e manipulate d th e 
difficult y o f  tas k 2  stimulu s processing .  A s tas k 2 ,  subject s 
judge d whethe r  a  lette r  wa s a n "A "  o r  a n "H" .  Letter s wer e 
eithe r  norma l  o r  distorted .  I n earlie r  P R P experiment s thi s 
manipulatio n wa s absorbe d int o slac k (Johnston ,  McCann , 
& Remington ,  1995) .  Ou r  interes t  i s  t o se e i f  thi s 
absorptio n wil l  occu r  o n no-g o trial s despit e thei r  postulate d 
minima l  processin g requirement s (i.e. ,  th e "decision "  no t  t o 
respond) . 

Tas k 1  require d subject s t o judg e th e pitc h chang e betwee n 
an initia l  referenc e ton e an d a  prob e ton e (SI) .  Fou r  level s o f 
pitc h chang e occurred .  T w o level s o f  pitc h increas e 
constitute d g o signals ,  eac h requirin g a  differen t  response . 
T wo level s o f  pitc h decreas e constitute d no-g o signals ,  t o 
whic h n o respons e wa s required . 

Becaus e smalle r  pitc h change s ar e harde r  t o discriminat e 
tha n large r  pitc h change ,  th e tas k 1  stimulu s judgment s wer e 
eithe r  'easy '  o r  'hard' .  Thi s allowe d u s t o tes t  anothe r 
predicuo n o f  th e centra l  bottlenec k mode l  — th e cany -
forwar d o f  tas k 1  difficult y ont o R T 2 a t  shor t  S O A s (wher e 
postponemen t  occurs) . 
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The to p pane l  o f  Figur e 2  show s tha t  a t  lon g S O A s , 
wher e th e bottlenec k doe s no t  restric t  tas k 2  processing ,  tas k 
1 difficult y doe s no t  affec t  RT2 .  A t  shor t  S O A s ,  wher e th e 
bottlenec k limit s performance ,  increase s i n th e duratio n o f 
eithe r  stag e l A o r  I B wil l  furthe r  dela y releas e o f  th e 
bottleneck ,  thu s increasin g bot h R T l  an d R T 2 (Smith , 
1967) .  I f  th e centra l  bottlenec k mode l  i s valid ,  w e anticipat e 
tas k 1  difficult y t o carry-forwar d ont o R T 2 fo r  bot h g o an d 
no-g o trials . 

Method 

Subjects. Subjects were 20 undergraduates (10 male) aged 
18 t o 3 3 (Media n =  21 )  teste d a t  th e N A S A A m e s Researc h 
Cente r  fo r  pa y o r  psycholog y cours e credit .  A n additiona l  9 
subject s wer e eliminate d du e t o excessivel y hig h erro r  rate s 
(>25 % o f  th e trial s ha d a n erro r  o n tas k 1  and/o r  tas k 2) . 
Long SO A 
SI 

I  l A I  Bottlenec k (IB ) 
Rl 

R2 

I  l A I  Bottlenec k (IB )  |  I C 1 

I 2A I Bottleneck (2B) I 2C I 

I 2A [Bottleneck (28) | 2C | 
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I  l A IbottlenecUlB ^ I  i d I 

I lA I Bottleneck (IB) j IC I 
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I  2 A I — — — HBottlenec k (2B )  |  2C~ | 

•TIM E 

Figur e 2 .  A t  th e shor t  SOA,  bu t  no t  th e lon g SOA.  Tas k I 
difficult y carries-ove r  ont o RTl .  A t  th e lon g S O A (to p 
panel) ,  lengthenin g Tas k I  bottlenec k processin g (shade d 
IB )  doe s no t  affec t  Tas k 2  respons e time s becaus e Tas k 2 
processin g i s independen t  o f  Tas k I  processing .  A t  th e 
shor t  SO A (botto m panel) ,  lengthenin g Tas k I  bottlenec k 
processin g (shade d IB )  lengthen s R T l  becaus e Tas k 2 
processin g a t  stag e I B i s  hel d u p whil e waitin g fo r 
bottlenec k processin g fo r  Tas k I  a t  stag e I B t o b e 
completed . 
Stimuli and Apparatus. The tone sequence consisted of 
a 15 0 m s 80 0 H z referenc e tone ,  a  10 0 m s silen t  interval , 
the n a  15 0 m s presentatio n o f  th e 5 1 tone .  Th e S I  frequenc y 
on g o trial s wa s eithe r  500 0 o r  200 0 Hz .  Th e S 1 frequency 
on no-g o trial s wa s 32 0 o r  12 8 Hz . 

The S 2 wa s a  whit e "A "  o r  "H "  presente d a t  fixation 
agains t  a  dar k background .  Al l  S 2 stimul i  wer e verticall y 
symmetrica l  shape s compose d o f  thre e line-segments .  Th e 

viewin g distanc e wa s 6 1 cm .  Th e letter s al l  fit  withi n a 
1.41 °  X  1.21 °  visua l  angl e boundin g bo x (no t  presented) .  T o 
distor t  th e letter s th e oute r  lin e segment s wer e tilte d an d th e 
horizonta l  segmen t  lowere d (Johnston ,  McCann ,  & 
Remington ,  J  995) .  S 2 wa s show n fo r  50 0 ms . 
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o Tas k 1  Eas y 

43 lE o 51 4 
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1142 

Figur e 3 .  Har d vs .  Eas y RTl .  Consisten t  wit h th e 
prediction s show n i n Figur e 2 ,  th e Tas k 2  respons e time s 
(RT2 )  refelc t  th e difficult y o f  th e Tas k I  judgment s a t  th e 
shortes t  SOAs bu t  d o no t  d o s o a t  th e longes t  SOA.  Thi s 
effec t  i s  a s pronounce d fo r  no-g o trial s a s fo r  g o trials . 
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500 . 

•  Distorte d X 
A Norma l  ^ 

No-Go 

43 1142 200 51 4 
St imulu s Onse t  A s y n c h r o n y 

Figur e 4 .  Distorte d vs .  Norma l  RTl .  Figur e 3 .  Consisten t 
wit h th e prediction s show n i n Figur e 1 ,  th e Tas k 1  respons e 
time s (RTl )  decreasingl y refelc t  th e processin g cost s o f  th e 
distorte d Tas k 2  stimul i  wit h decreasin g SOA.  Thi s i s tru e 
fo r  bot h g o an d no-g o trials . 
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Procedure .  Instruction s stresse d th e importanc e o f  spee d 
and accurac y o n bot h tasks .  Eac h tria l  bega n wit h th e 
presentatio n o f  a  fixatio n cros s fo r  25 0 ms .  a  paus e o f  25 0 
m s,  an d the n th e ton e sequence .  Th e S O A betwee n S 1 an d 
S2 wa s 43 ,  200 ,  514 ,  o r  114 2 ms .  Response s les s tha n 10 0 
ms o r  greate r  tha n 200 0 m s wer e considere d errors .  Th e tria l 
ende d wit h a  100 0 m s concurren t  presentatio n o f  accuracies , 
and ,  i f  correct ,  respons e times .  Th e inter-una l  interva l  wa s 
75 0 ms . 

The tas k 1  g o tria l  respons e mapping s use d th e righ t  inde x 
finger  (th e 5  ke y o n th e numeri c keypad )  fo r  th e ver y hig h 
(500 0 Hz )  tone s an d th e righ t  middl e finger  (th e 2  key )  fo r 
th e med iu m hig h (200 0 Hz )  tones .  Tas k 2  response s use d a 
lef t  foot-pres s fo r  "A "  an d a  righ t  foot-pres s fo r  "H" . 

Th e experimenta l  sessio n consiste d o f  tw o block s o f  6 4 
practic e trial s an d five  block s o f  6 4 experimenta l  trials .  Eac h 
bloc k consiste d o f  a  rando m orderin g o f  on e complet e 
factoria l  cros s o f  th e go/no-g o x  tas k 1  difficult y x  S O A x 
A / H X  normal/distorte d design . 

Results 

Correct RTs and error rates for each task were subjected to 
separat e within-subjec t  A N O V A s .  Eac h correc t  R T cel l  fo r 
eac h tas k fo r  eac h subjec t  underwen t  independen t  R T outlie r 
eliminatio n (Va n Sels t  an d Jolicoeur ,  1994a ,  1997) .  Outlie r 
eliminatio n exclude d 0.9 % o f  thes e trial s a s R T l  outlier s 
and 2.6 % o f  th e remainin g trial s a s R T 2 outliers . 

As expected ,  R T l  (no t  shown )  wa s relativel y fiat  acros s 
S O A s.  Th e principa l  R T l  (g o trial )  effec t  i s  a  12 5 m s mai n 
effec t  o f  tas k 1  difficulty ,  F(l,19) = 57.2 ,  p<.001 .  Th e erro r 
rat e analyse s produce d result s consisten t  wit h th e respons e 
tim e results .  Th e overal l  erro r  rat e wa s 5.8 % o n tas k 1  an d 
6.1 % o n tas k 2 . 

Th e R T 2 result s i n Figur e 3  ar e broke n dow n b y whethe r 
tas k 1  wa s a n eas y o r  har d ton e judgment .  Th e P R P effec t 
(RT25h, „  -  RT2|„„g )  wa s large r  fo r  g o trial s (46 1 ms )  tha n fo r 
no-g o trial s (23 2 m s ) ,  producin g a  stron g S O A b y go/no-g o 
interaction .  F(3,57)=89.4 ,  p<.001 .  Th e tas k 1  difficult y 
effec t  carrie d forwar d ont o R T 2 a t  shor t  S O A s bu t  no t  a t 
lon g S O A s ,  producin g a n interactio n fo r  R T 2 betwee n tas k 
1 difficult y an d S O A ,  F(3,59)=7.14 ,  p<.00 1 (Fig .  3) .  Not e 
tha t  thi s carry-ove r  effec t  occurre d o n bot h no-g o an d g o 
tnals . 

Figur e 4  show s th e sam e dat a broke n d o w n b y whethe r  S 2 
was norma l  o r  distorted .  Th e overal l  effec t  o f 
normal/distorte d o n R T 2 wa s significant ,  F(l,19)=24.9 , 
p<.001 .  But ,  mor e importantly ,  th e effec t  decnsase d 
substantiall y  wit h decreasin g S O A ,  F(3,57)=15.9 ,  p<.001 . 

Discussion 

There are four major findings: 1) no-go trials produce PRP 
interference .  2 )  no-g o trial s produc e les s P R P interferenc e 
tha n g o trials .  3 )  Tas k 1  difficult y carrie d ove r  ont o R T 2 a t 
shor t  S O A s bu t  no t  a t  lon g S O A s .  4 )  Th e effec t  o f 
distortin g S 2 wa s substantia l  a t  lon g S O A s bu t  virtuall y 
disappeare d a t  shor t  S O A s .  W e wil l  discus s eac h o f  thes e 
findings  i n turn . 

1)  Substantia l  P R P interferenc e wa s foun d o n no-g o trials . 
Thi s indicate s tha t  th e P R P ca n occu r  wit h minima l 
involvemen t  o f  tas k 1  respons e processes .  Thi s finding  i s 
particularl y importan t  becaus e th e no-g o P R P canno t  readil y 
be attribute d t o "stop "  processin g (a s ma y hav e bee n th e cas e 
wit h th e experiment s o f  D e Jon g an d Kerr )  o r  t o respons e 
requirement s likel y t o induc e S- R mappin g difficultie s (a s 
may hav e bee n th e cas e wit h Bertelso n an d Tisseyre' s 
experiment).  Th e contentiou s issu e o f  whethe r  thi s resul t 
means tha t  th e P R P ca n occu r  wit h n o respons e processin g 
at  al l  o n tas k 1  wil l  b e discusse d later . 

2)  G o trial s produce d substantiall y  mor e P R P tha n no-g o 
trials .  Ou r  result s clearl y indicat e tha t  additiona l  respons e 
processin g o n g o trial s prolon g th e bottleneck .  Thi s resul t  i s 
consisten t  wit h th e result s o f  D e Jon g (1993) .  Th e near -
equivalen t  P R P effect s fo r  g o an d no-g o trial s reporte d b y 
Bertelso n an d Tisseyr e (1969 )  an d b y Ker r  (1983 )  mus t  hav e 
been obtaine d becaus e o f  th e peculiaritie s o f  th e difficul t 
stimulus-respons e mapping s used . 

The natura l  interpretatio n o f  th e lesse r  P R P fo r  no-g o 
trial s tha n fo r  g o trial s i s tha t  th e centra l  bottlenec k i s 
cleare d b y no-g o trial s faste r  tha n fo r  g o trials .  Alternatively , 
i t  remain s possibl e tha t  th e proces s o f  switchin g menta l 
resource s fro m tas k 1  t o tas k 2  i s harde r  afte r  g o trials . 

3)  Th e finding  tha t  tas k I  difficult y carries-forwar d ont o 
tas k 2  processin g a t  th e shor t  bu t  no t  th e lon g S O A s 
provide s suppor t  fo r  th e bottlenec k model .  Th e fac t  tha t  thi s 
"carry-ove r  effect "  occurre d fo r  no-g o a s wel l  a s g o trial s 
confirm s tha t  th e cenu-a l  bottlenec k mode l  hold s eve n fo r  th e 
no-g o P R P .  Henc e ther e i s furthe r  suppor t  fo r  th e notio n 
tha t  eliminatin g o r  drasticall y reducin g respons e processin g 
on tas k 1  shorten s th e centra l  bottleneck ,  bu t  doe s no t 
qualitativel y chang e th e natur e o f  th e interference . 

4)  Thi s conclusio n i s furthe r  strengthene d b y th e finding 
tha t  th e overal l  effec t  o f  distortin g S 2 o n R T l  i s virtuall y 
completel y absorbe d int o slac k a t  shor t  S O A s ,  fo r  bot h g o 
trial s an d no-g o trials . 

Experiment 2 

From Experiment 1, we know that the bottleneck occurs 
eve n wit h minima l  respons e processin g o n tas k 1  (no-g o 
trials) .  I n Experimen t  2  w e aske d whethe r  thes e conclusion s 
coul d b e extende d t o a  conditio n wit h eve n greate r  separatio n 
of  respons e modalities .  Thus ,  i n Experimen t  2  w e exten d 
our  desig n t o encompas s a  conditio n o f  extremel y lo w 
similarit y o f  th e cross-tas k S- R mappings .  A  voic e respons e 
was use d fo r  tas k 1 ,  a  manua l  respons e fo r  tas k 2 .  Th e 
chang e fro m manual-foo t  t o vocal-manua l  permit s u s t o 
examin e dual-tas k interferenc e whil e furthe r  minimizin g th e 
likelihoo d o f  cross-tal k a t  respons e outpu t 

Method 

Subjects. Subjects were 24 undergraduates (13 male) aged 
16 t o 3 7 (Media n =  20) .  T w o additiona l  subject s produce d 
excessivel y hig h erro r  rate s ( > 2 0 % ertor s overall) ,  resultin g 
i n th e exclusio n o f  thei r  data . 
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Stimuli .  Th e reference  ton e wa s change d t o 50 0 Hz .  S I 
was eithe r  80 ,  200 ,  1250 ,  o r  312 5 Hz .  Th e viewin g distanc e 
was reduce d t o 4 1 cm . 

Procedure. For half of the subjects the higher tones were 
th e tw o g o stimuli .  Fo r  th e remainin g subjects ,  th e lowe r 
tone s wer e th e tw o g o stimuli ,  tas k 1  required a  verba l 
respons e o n th e g o trials .  Fo r  th e lowe r  o f  th e tw o g o tones , 
th e subjec t  wa s t o sa y "five" .  Fo r  th e highe r  o f  th e tw o g o 
tones ,  th e subjec t  wa s t o sa y "ten "  T o mak e th e lette r 
response ,  th e subjec t  wa s t o pres s th e 1  o r  2  ke y o n th e 
numeri c keypa d (A :  1 ,  H:2) . 
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Figur e 5 .  Har d vs .  Eas y R T 2 (Exp .  2) .  Tas k 1  dijficult y 
carries-ove r  ont o R T 2 a t  th e short ,  bu t  no t  th e long ,  SOAs . 
Thi s resul t  i s  foun d fo r  bot h g o an d no-g o trials . 
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No-Go 

J4 50 0 

43 20 0 51 4 114 2 

Stimulu s Onse t  Asynchron y ( S O A ) 

Figure 6. Normal vs. Distorted RT2 (Exp. 2). The 
processin g cost s associate d wit h distortin g th e Tas k 2  hav e 
les s o f  a n impac t  o n Tas k 2  respons e time s wit h decreasin g 
SOA.  Thi s resul t  i s  foun d fo r  bot h g o an d no-g o trials . 

Result s 

As is shown in Figures 5 and 6, the main results of 
Experimen t  I  wer e closel y replicated .  Th e P R P fo r  g o trial s 
(39 6 ms )  wa s large r  tha n tha t  fo r  no-g o trial s (10 4 m s ) , 
F(3,69)=87.6 ,  p<.001 .  Tas k 1  difficult y carrie d ove r  ont o 
R T2 a t  th e shorte r  S O A s ,  F(3,69)=7.08 ,  p<.001 ;  an d th e 
distorted-norma l  R T 2 differenc e decrease d wit h decreasin g 
S O A,  F(3,69)=16.6 ,  p<.001 . 

Discussion 

Despite the switch from a manual-foot response pairing to 
a vocal-manua l  respons e pairing ,  no-g o trial s stil l  produc e a 
robus t  P R P effect .  Furthermore ,  bot h th e absorptio n o f  th e 
effec t  o f  lette r  distortio n an d th e cany-ove r  o f  tas k 1 
difficult y confir m th e prediction s o f  th e centra l  bottlenec k 
model  fo r  bot h g o an d no-g o processing .  A s before ,  th e 
large r  g o tria l  P R P tha n no-g o tria l  P R P i s interprete d t o 
indicat e tha t  g o tria l  processin g occupie s th e bottlenec k fo r  a 
longe r  perio d o f  tim e tha n no-g o tria l  processing . 

The increas e i n th e magnitud e o f  th e P R P effec t  fo r  g o an d 
no-g o trial s relativ e t o Experimen t  1  coul d reflec t  an y o f  a 
number  o f  tas k difference s includin g th e stimul i  and/o r  th e 
respons e requirements .  Th e fac t  tha t  qualitativel y simila r 
effect s occurre d wit h differen t  pair s o f  respons e modalitie s 
support s th e generalit y o f  th e centra l  bottlenec k mode l  o f 
P RP interference . 

General Discussion 

The predictions of the central bottleneck model were 
strongl y confirmed .  Th e mos t  critica l  finding —  tha t  no-g o 
trial s produc e a  substantia l  P R P effec t  — indicate s tha t  lat e 
respons e processes ,  includin g th e establishmen t  o f  a  positiv e 
menta l  cod e fo r  a  to-be-mad e response ,  ar e no t  necessar y t o 
produc e dual-tas k interference . 

I t  i s  possibl e tha t  no-g o trial s d o no t  requir e respons e 
selection ,  an d tha t  th e bottlenec k occur s durin g high-leve l 
stimulu s classification ,  a s argue d b y Johnsto n &  M c C a n n 
(i n preparation) .  Th e empirica l  basi s fo r  thei r  argumen t  i s 
tha t  analo g stimulu s classificatio n (box-widt h judgmen t  i n 
thei r  case )  i s no t  absorbe d int o slack ,  an d henc e appear s t o 
be par t  o f  th e bottleneck .  Als o consisten t  i s  tha t  th e effec t  o f 
lette r  disorientatio n o n mirror/norma l  judgment s i s largel y 
unaffecte d b y S O A (Ruthruf f  &  Mille r  1994 ,  Va n Sels t  & 
Jolicoeur ,  1994b) . 

On th e othe r  hand ,  decidin g no t  t o respon d ma y constitut e 
an ac t  o f  respons e selection .  Althoug h m u c h simple r  tha n 
settin g u p a  menta l  cod e fo r  a  to-be-mad e response ,  thi s 
residua l  ac t  o f  respons e selectio n migh t  stil l  b e th e locu s o f 
th e centra l  bottleneck .  Thu s i t  remain s possibl e tha t  th e 
respons e selectio n stag e i s th e firs t  (an d presumabl y only ) 
stag e responsibl e fo r  no-g o interference . 

Suppose ,  however ,  tha t  w e provisionall y accep t  tha t  th e 
no-g o P R P i s produce d b y a  limitatio n a t  stimulu s 
classificatio n — tha t  no-g o trial s d o no t  involv e respons e 
selectio n (n o response s ar e made ,  afte r  all) .  I f  w e juxtapos e 
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thi s conclusio n wit h ou r  othe r  resul t  — th e muc h greate r 
P RP o n g o trial s tha n no-g o trial s — i t  i s  clea r  tha t 
respons e selectio n i s par t  o f  th e bottleneck . 

I n comparin g g o an d no-g o processing ,  i t  i s  eviden t  tha t 
go trials ,  i n additio n t o actuall y requirin g respons e initiatio n 
and execution ,  woul d als o require  mor e respons e selectio n 
operation s (sinc e th e menta l  cod e fo r  a  to-be-mad e respons e 
must  b e established) .  I t  ma y b e tha t  thi s differenc e a t 
respons e selectio n i s responsibl e fo r  th e differenc e i n th e 
magnitud e o f  g o an d no-g o P R P (i.e. ,  go/no-g o though t  o f 
as a  manipulatio n o f  whe n tas k 1  clear s th e bottleneck) . 
Thi s interpretatio n o f  ou r  result s i s consisten t  wit h a  centra l 
bottlenec k model . 

I f  th e bottlenec k consist s o f  th e mor e centra l  (an d abstract ) 
stage s o f  bot h stimulu s processin g an d th e mor e cenu-a l  (an d 
abstract )  stage s o f  respons e selection ,  the n w e arriv e a t  th e 
hypothesi s tha t  th e caus e o f  th e bottlenec k i s tha t  human s 
hav e somethin g lik e a  centra l  processo r  whic h ca n onl y 
wor k o n on e tas k a t  a  time .  I t  seem s unlikel y give n ou r 
knowledg e o f  multipl e processin g region s i n th e brai n tha t 
th e sam e hardwar e i s use d fo r  al l  "central "  processing . 
Nevertheles s i t  remam s plausibl e tha t  th e contro l  structur e 
use d doe s no t  permi t  th e variou s centra l  processor s t o wor k 
on differen t  task s a t  th e sam e time . 

Whil e speculative ,  th e conclusio n tha t  severa l  differen t 
menta l  processe s ar e involve d i n th e centra l  bottlenec k 
provide s a n answe r  t o anothe r  question ,  whic h i s wh y P R P 
interferenc e i s s o widespread .  I f  i t  involve s a  numbe r  o f 
differen t  menta l  processes ,  the n i t  i s  no t  surprisin g tha t  ther e 
ar e s o fe w know n case s i n whic h P R P interiferenc e i s absen t 
(Greenwald ,  1972 ;  Johnsto n &  Delgado ,  1993 ;  McLeo d & 
Posner ,  1984) . 
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