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W e rep o rt exp er im ents exam in ing the process ing o f ``ex tin gu ished ’ ’ s tim u li in a

p atien t sh ow in g v isu al ex tin ct io n to do u ble s im u ltan eo u s s tim ulat ion . T he

exp er im ents u sed a m atch ing parad igm , d es igned so tha t ext ingu ish ed st im uli

can no t bene ® t fro m p rim in g fro m n on -extin gu ish ed stim u li p re se nted

s im u ltan eo u sly . T he ta sk in volved m atch in g fo r p hysica l id en tity cen tral

targe ts in p rim e and prob e disp lay s, ¯ an k ed b y d ist ra cto rs . O n ``d iŒeren t’ ’

tria ls, d is tra ctors in p rim es co uld re-ap pear a s targe ts in p ro be d isp lay s (the

ign ored repe tit io n co nd it ion ). E xperim en ts 1 an d 3 u se d no rm a l su bjects an d

esta b lish ed n egativ e p rim in g in th e ign ored re petit ion co n dit ion . N ega tiv e

p rim in g o ccu rr ed b oth w hen stim u li in th e pr im e an d th e prob e d isp lay s w ere

the sam e ca se an d w h en they d iŒere d in case. E xp er im en t 2 u se d a p a tient

m anifes tin g le ft- ® e ld neglect . L ike co ntro l su bjects, h e sh o w ed n ega tiv e p rim in g

fro m righ t- ® e ld d is trac to rs . In con tra st, ho w ever, he sho w ed po si tiv e p rim in g

fro m le ft- ® e ld d istr ac to rs . Po sit iv e p rim in g a lso occu rre d w h en dis trac to rs an d

targe ts d iŒered in ca se (Exp er im ent 2b). E xperim en t 4 sho w ed tha t th e p a tient

sho w ed m arked left- ® e ld extinc tio n un d er co nd it ion s eq uiva len t to th o se u sed

in the m atchin g task . T h e da ta ind icate bo th th at ``ex tin gu ished ’ ’ st im uli can b e

p ro ce sse d to activa te in te rn al rep resen ta tio n s and th at inh ib ito ry processes m ay

n ot b e app lied un less con sc iou s a tten tion is in vo lved .
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IN T R O D U C T IO N

A com m on phenom enon in the neuropsycho log ica l literature is extinction

to doub le sim u ltaneou s stim ulation assoc iated w ith parietal dam age

(C ritch ley , 1953). W hen parieta l patien ts are presen ted w ith a sing le

v isua l stim ulus on the side oppos ite the lesion , they m ay be ab le to

recogn ise it; how ever, w hen a second stim ulus is presen ted sim ultaneously

ipsila tera l to the side of the lesion , then patien ts m ay fail to recogn ise the

contra lesional stim ulus. D iŒerent exp lanations have been proposed to

exp la in w hy patien ts neglect contralesiona l stim uli in the presence of

doub le sim ultaneous stim u lation (see R iddoch & H um phreys, 1987 , for a

critica l review ), severa l of w h ich assum e that respon ses to the neglected

stim ulus are im paired because the stim ulus fa ils to engage v isua l a tten tion

(e.g . e ither because patien ts cannot d isenga ge atten tion from the

ipsilesiona l stim ulus or because the contralesiona l stim ulus ``loses’ ’ in

com petition w ith the ipsilesiona l stim ulus to attract a tten tion ; H um phreys

& R iddoch , 1993 ; Posner, 1988 ; Posn er, W alker, Friedrich , & R afa l, 1987 ;

R iddoch & H um phreys, 1983 , 1987). Parieta l-dam aged patients show ing

extinction m ay therefore a llow us to address one of the m ost controversia l

issues in the litera ture on selec tive atten tion: N am ely, the fate o f

(unatten ded) stim uli that fail to engage atten tion .

Severa l studies invo lv ing parietal-dam aged patien ts assessed the level

o f processing reached by neg lected stim uli presen ted contra latera l to the

lesion . V o lpe, L edoux, and G azzan iga (1979) docum ented four righ t

parieta l-dam aged patien ts who cou ld nam e sing le draw ings or w ritten

w ords w hen presen ted alone to the contra lesiona l v isua l ® e ld , but w ho

fa iled to report the sam e item s w hen sim ultaneous pa irs o f draw ings or

w ords were disp layed . H ow ever, desp ite their poor report o f the

contra lesional stim uli, the patien ts w ere ab le to perform above chance

w hen a sam e/d iŒerent judgem ent w as requ ired in the doub le sim ulta -

neous stim ulation cond ition . V o lpe et a l. suggested that percep tua l

process ing w as intact in their patien ts, and that the lesion aŒected the

¯ ow of in form ation from non-conscious system s to consc ious awareness.

R ep lica tions o f the basic Vo lpe e t a l. resu lt (i.e . good perform ance in

sam e/d iŒerent m atch ing a long w ith extinction in identi ® c ation ) have

been reported w ith parietal-dam aged patien ts by B erti et a l. (1992),

F arah , M onheit, and W allace (1991), K arnath (1988), and K arna th and

H artje (1987). K arnath and co lleagues show ed th is even when the

patien ts w ere unab le to identify the contra lesional stim ulus presen ted in

iso lation cond ition (K arnath , 1988; K arnath & H artje, 1987). H ow ever,

the suggestion that patien ts show norm al percep tual processing of

extingu ished stim uli, ad vanced by V olpe et a l. (1979), has been sub ject

to serious challenge. For exam ple , F arah et al. (1991) dem onstra ted that
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d iŒerences in accuracy betw een identi ® ca tion and sam e/d iŒerent

m atch ing are elim inated when forced -choice identi ® c atio n is used for

both tasks. T he authors concluded that sam e/d iŒerent m atch ing and

forced -cho ice identi ® ca tion require less in form ation to be perform ed

accurately than does a free identi ® cation task . Thus, the form er w ould

be less aŒected by any percep tua l im pairm ent than the latter.

C onsequently , any d issociation between sam e/d iŒerent m atch ing and

identi ® c a tion in patien ts w ith neglect cannot be taken to ind icate in tact

percep tua l processing .

A nother study that ca lls into question V olpe et al.’ s (1979) claim for

norm al percep tion in extinction and neglect has been reported by B erti et

a l. (1992). These authors po int to the fa ilure in V olpe et al. to

characterise the level o f processing ach ieved by ``extingu ished ’ ’ stim u li.

V o lpe et a l. u sed a sam e/d iŒerent m atch ing task in w hich the ``sam e’ ’

tria ls invo lved tw o identica l stim uli. D iscrim ination betw een ``sam e’ ’ and

``diŒeren t’ ’ stim u li cou ld be based on inform ation coded at various leve ls

o f represen tation : includ ing v isua l features, ob ject iden tity , or even

genera l category inform ation . B erti et a l. tried to separate these

possib ilities by hav ing sub jects perform ``nam e’ ’ m atches on photographs

of ob jects w hich (on sam e tria ls) cou ld be physically identica l, the sam e

ob jec t but in a ro tated view , or a physica lly d iŒerent ob ject w ith the

sam e nam e. They reported one patien t w ho w as above-chance at

m atch ing ``extingu ished ’ ’ stim u li in a ll o f these cases. Th is pattern of

resu lts suggests that stim uli in the ``ex tingu ished ® eld ’ ’ reached categor ica l

represen tation , consisten t w ith V olpe et a l.’ s cla im s. H ow ever, as the

authors noted , an a lternative exp lanation can be accom m odated w ithout

in ferring intact v isua l processing . In particu lar, it is possib le that

contra lesional stim uli w ere partia lly activated . T he ipsilesiona l stim ulus

cou ld ``prim e’ ’ the contra lesional stim ulus , generating good sam e-d iŒerent

m atch ing perform ance even if the prim ing w ere not su� cien t to enab le

contra lesional stim uli to be identi ® ed . Th is is sim ilar to ``early selection ’ ’

accounts o f apparent ``high level’ ’ p rocessing carried out on unattended

stim uli by norm al sub jec ts. For instance, severa l stud ies have show n that

responses to a central targe t can be d isrupted by sim ultaneous

presen tation of a parafoveal sem antica lly re lated d istractor (F uentes &

O rtells, 1993 ; G atti & E geth , 1978 ; M iller, 1991; ShaŒer & L aBerge,

1979 ; U nderw ood , 1981); how ever, such in terference eŒects m ay be

brought abo ut by the target activating (prim ing) the parafoveal w ord ,

w h ich then d isrupts target processing (B roadbent & G atherco le, 1990 ;

Johnston & D ark , 1986; K ahnem an & Treism an , 1984). A way to prevent

prim ing betw een attended and unattended (or ipsilesiona l and contra le-

siona l) stim uli is to use successive prim e-probe presen tations in w hich

prim e stim uli are not related to each other (see F uentes & T udela , 1992 ;
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F uentes, C arm ona, A gis, & C atena , 1994 for ev idence), a procedure that

w e adopted in the present study . So far, how ever, the level o f processing

ach ieved by stim uli presen ted to the ``ex tingu ished ’ ’ v isua l ® e ld o f parieta l

patien ts is far from clear.

T H E P R E S E N T S T U D Y

T he presen t research assessed th is question , but using a som ew h at

d iŒerent parad igm to that used prev iou sly . W e used a sequentia l

identity-m atch ing task in w hich the patien t m atched stim uli presen ted at

® xa tion on the basis o f w hether they w ere the sam e or d iŒerent letters.

T hese targe t lette rs cou ld be ¯ anked either by tw o p lu s signs or by one

p lus sign and one letter (the d istrac tor), p resen ted le ft or righ t o f the

target. T he ® rst d isp lay on each tria l w as term ed a prim e, the second

d isp lay w as term ed a probe . In the critica l cond itions, the d istractor in

the prim e d isp lay becam e the target in the probe d isp lay . T h is enab led

us to m easure the eŒects o f a pr im e d istractor presen ted either to the

contra- or the ipsilesional ® e ld , on responses to a sub sequent target. T he

successive presen tation of prim es and probes is usefu l, since any

interpreta tion of distractor processing in the prim e d isp lay be ing due

to a prim ing m echan ism sim ilar to that d iscussed by B erti et a l. (1992)

can be ru led out: In prim e d isp lays the target and d istractor w ere

a lw ays diŒerent letters.

Severa l cond itions were investigated, and the experim ent was conducted

w ith norm al sub jects and w ith a patien t w ith righ t parie ta l dam age w ho

show ed extinction to doub le sim u ltaneou s stim ulation .

W ith norm al sub jects (E xperim ent 1), the co nditions w ere as fo llow s.

O n sam e tria ls, the target cou ld be ¯ ank ed by neutra l distractors on both

prim e and probe disp lays (e .g . + A + + A + ) (neutra l sam e trials,

cond itio n N sam e), or it cou ld be ¯ anked by d iŒerent d istractors (e .g .

M A M T A T) (d iŒeren t d istractor, sam e tria ls, cond ition D D sam e) . T he

target was a lw ays b lue, the d istractors green . O n diŒerent tria ls, there w ere

three cond itions: (1 ) the target was ¯ anked by neutra l d istrac tors on prim e

and probe d isp lays (e .g . + A + + M + ) (neutra l d iŒerent trials,

cond itio n N diŒerent); (2 ) the d istractor in the prim e disp lay becam e the

target in the probe d isp lay (M A M T M T ) (ignored repetition , d iŒerent

tria ls, cond ition IR diŒerent); an d (3) the d istractors d iŒered in prim e and

probe d isp lays (M A M L TL ) (d iŒerent d istrac tor, d iŒerent trials, cond i-

tion D D diŒerent). O f particu lar in terest is the contrast betw een

perform ance in the three types of d iŒerent tria ls. W orse perform ance in

the d iŒerent d istractor re lative to the neutra l cond ition cou ld be due to

¯ ank ing letters inter fering w ith responses to the centra l letter target (e .g .,

E riksen & E riksen , 1974 ; E riksen & H oŒm an, 1973 ; H um phreys, 1981 ;
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M iller, 1991).
1

T he contrast betw een the ignored repetition and the

d iŒerent distractor con dition , however, a llow s us to assess w hether ignored

d istractors (in prim e d isp lays) w ere active ly suppressed . If so , then

responses shou ld be slow er in the ignored repe tition than in the d iŒerent

d istractor cond ition : That is, there shou ld be negative prim ing (cf. A llport,

T ipper, & C hm iel, 1985; T ip per, 1985).

W ith the righ t parietal patien t, D W , these cond itions were am en ded to

a llow distrac tors to be presen ted selective ly to the contra- and ipsilesiona l

v isua l ® e lds (E xperim ent 2). O n sam e tria ls, there w ere three cond itions:

(1 ) neutra l sam e (N sam e) (+ A + + A + ); (2 ) d iŒerent d istractor, left

(D D -L sam e) (M A + T A + ); (3 ) d iŒerent d istrac tor , righ t (D D -R

sam e) (+ A M + A T ). T he contrast betw een each of the d iŒerent

d istractor cond itions and the neutra l sam e cond ition tests for in ter ference

eŒects from a left- or righ t- ® e ld distractor in responses to the centra l

target. O n d iŒerent tria ls there w ere ® ve cond itions: (1 ) neutra l d iŒerent

(N diŒerent) (+ A + + M + ); (2) ignored repetition , left (IR -L

d iŒerent) (M A + T M + ); (3 ) ignored repetition , righ t (IR -R diŒerent)

(+ A M + M T); (4) d iŒerent distractor, left (D D -L diŒerent)

(M A + L T + ); (5 ) d iŒerent d istractor, righ t (D D -R diŒerent)

(+ A M + T L ). The contras t betw een the ignored repetition and the

d iŒerent d istractor cond itions enab les us to assess w hether negative

prim ing occu rred . In E xperim ent 3, the cond itions used w ith D W w ere

rep lica ted w ith co ntro l sub jec ts, to en sure that any d iŒerences betw een

D W an d the contro ls w ere not due to the use o f a sing le distractor letter

(and a p lus sign ) for D W .

T o foreshadow the resu lts, negative prim ing w as obta ined w ith norm al

sub jec ts (E xp erim ent 1). W ith D W , we ask w hether he show s norm al

process ing of item s in h is neglected ® eld by evaluating w hether negative

prim ing occurred in the ignored repetition , left cond ition , relative to the

d iŒerent distractor, left co ndition . N ote that tw o negative resu lts are

possib le : (1) D W show s no d iŒerence betw een the latter tw o cond itions,

consis ten t w ith a fa ilure to d iscrim inate left- (neg lec t-) ® e ld item s; (2) D W

show s a d iŒerence betw een the cond itions, but, in contrast to norm al,

responses are facilita ted in the ignored repetition , le ft cond ition relative to

the d iŒerent d istractor, left cond ition . F uentes et a l. (subm itted ) show ed

that norm al sub jects can m anifest facilitation from ignored , repeated

prim es under cond itions w here there is not su� cien t tim e to suppress

irre levant prim e inform ation (e.g . w ith short exposure durations and short

in terva ls be tween the prim e and the probe stim uli). E v idence for fac ilita ted

process ing in the ignored repetition , left cond ition for D W would ind icate

1
Interference eŒects from distrac tors can a lso be assessed by co m paring th e neu tral and

d iŒeren t d istrac tor con dition o n sam e tria ls.
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som e process ing of item s w ith in h is neglected ® eld , a long w ith a fa ilure to

bring to bear inh ib itory (suppressive ) processes on those item s. D W ’ s

perform ance w ith stim uli presen ted in h is righ t (ipsilesiona l) ® e ld serves as

a w ithin -sub ject control for h is perform ance w ith left (contra lesiona l) ® e ld

stim uli.

In order to prov ide a test for extinction under cond itions c losely

m atched to the presentation cond itions for prim es in the letter-m atch ing

task , D W also perform ed a second experim ent (Experim ent 4). In

E xperim ent 4 , D W perform ed either o f tw o tasks. Single d isp lays w ere

presen ted for the sam e duration as prim e d isp lays in the letter-m atch ing

task (E xperim ent 2). The d isp lays conta ined either tw o green p lus signs

and a centra l b lue letter (+ A + ) (on half the tria ls), o r (on the other ha lf

o f the tria ls) a b lue cen tra l and a green ¯ ank ing letter (A M + or + A M ,

each presen ted on 25% of the tria ls). For one task , D W w as asked to

nam e the centra l letter and to ignore the ¯ ank ing d istractor (the w hat

task ); fo r the other he had to decide w hether one or tw o letters w ere

presen t (the how m any task) . T he w hat task assessed w hether a

sim ultaneously presen ted d istractor d isrupted D W ’ s identi ® ca tion of a

centra l letter under brie f exposure cond itions. The how m any task tests for

extinction , that is w hether D W can judge the presence of a left- ® e ld

d istractor at an above-chance level.

E xperim ents 1 and 2 w ere each carried out tw ice. In Experim ents 1a

and 2a prim es and probes w here both in upper case. In E xperim ent 1b ,

prim es w ere in low er case and probes in upper Â case. In E xperim ent 2b

d istractors w ere in low er case and targe ts in upper case.
2

This latter cross-

case m an ipu la tion a llow ed us to test the form of represen tation m ed iating

the eŒects o f the d istractor on responses to the target in the probe d isp lay .

E Œects at the level o f physica l fea tures shou ld occur on ly w ith physica lly

identical stim uli, bu t not w ith stim uli d iŒering in case.

A ® na l po int is that the ® rst experim ent w ith norm al subjects

(E xperim ents 1a and 1b) used tw o d iŒerent stim ulus onset asynch ron ies

(SO A s) betw een prim e and probe disp lays (100m sec and 800m sec ,

respec tive ly). Th is w as done in order to reassess the ® nd ing reported by

F uentes et al. (subm itted ; see a lso Y ee , 1991) that negative prim ing occurs

on ly w hen sub jects have su� cien t tim e to suppress irrelevant in form ation

in prim e d isp lays (i.e. w ith a relat ively long rather than a relat ively short

SO A ).

2
T arge ts w ere presented in upp er case so th at D W perform ed a physica l m atch task . P ilot

w ork su gg ested tha t D W had d i� cu lty p erform ing nam e m atch es (used for the co ntro l subject s

in E xperim ent 1b ) , an d h is R T s w ere th en too var iab le to genera te reliab le resu lts. N eve rth eless,

th e u se of lo w er-case d istracto rs in E xp erim en t 1b enab les us to assess w hether th e eŒects of

th ese d istracto rs tran sfer ac ross ca se (to u pper-ca se targets).
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E X P ER IM E N T S 1A A N D 1B : N O R M A L S U B J EC T S

In Experim ent 1a we tested the perform ance of norm al subjects in a letter-

m atch ing task w ith upper-case letters in prim e and probe d isp lays; in

E xperim ent 1b prim e letters w ere in low er case and probe letters were in

upper case.

M e th o d

Subjects. T w enty-eigh t students o f the U niversity o f B irm ingham (14

in each experim ent) participated . T he students received course cred it for

their participation , and a ll o f them had norm al or corrected -to -norm al

v ision .

A pparatus and Stim uli. A ll stim uli w ere presen ted on a co lour m onitor

(V G A card) of an IBM com patib le com puter. T he com puter contro lled a ll

stim u lus even ts and tim ing operations. K eypress re sponses were m ade on

the com puter keyboard .

T he letters A , L, M , T , and X w ere used as stim uli. In 40-co lum n text

m ode, stim uli averaged 5m m high and 4m m w ide, and at a d istance of

60cm subtended on average 0 .48 by 0 .38 of v isua l ang le.

P rocedure. Sub jects w ere presen ted sequen tia lly w ith prim e and probe

d isp lays. In each d isp lay , the target w as a centra l b lue letter, w hilst the

d istractors were green letters or green p lus signs. D istractors w ere

d isp laced 1cm (0 .96 ) from ® xation . In E xperim ent 1a, prim e d istractor

le tters (w hen presen t) w ere in upper case; in Experim ent 1b they w ere in

low er case . E xa m ple d isp lay con ® gurations for the norm al contro ls are

g iven in Tab le 1 .

E ach tria l started w ith a ® xa tion po int (* ) lasting 500m sec, fo llow ed by

the prim e d isp lay . P rim es w ere exposed for 60m sec. In E xperim ent 1 ,

prim es w ere fo llowed by an interva l of either 40m sec (100m sec of SO A ) or

740m sec (800m sec of SO A ), a fter wh ich the probe d isp lay w as presen ted

until the response w as m ade. The tw o SO A s occurred equally often and

w ere orthogonally crossed w ith the experim en tal cond itions. The inter-tria l

in terva l w as 1000m sec.

Sub jects w ere to ld to respond ``sam e ’ ’ by pressing a key w ith their

dom inant hand if the targets in both the prim e and the probe d isp lays

w ere the sam e letter. ``D iŒerent’ ’ responses w ere m ade w ith the non-

dom inant han d and w ere requ ired if targets w ere d iŒerent letters.

Instructions stressed speed , accuracy , and the bene ® t o f ignoring

d istractors.

Sub jects were g iven 3 b locks (the ® rst for practice) o f 100 tria ls. O n 40

tria ls the target in the prim e d isp lay w as repeated in the pro be d isp lay (20
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in the d iŒerent d istractor and 20 in the neutral cond itions); on 60 tria ls the

target in the prob e d isp lay w as d iŒerent to that o f the prim e d isp lay . In

the d iŒerent targe t cond ition , there were 20 tria ls, in w hich the d istractor

in the prim e d isp lay becam e the target in the probe d isp lay (ignored

repetition condition ), 20 in w hich d istractors in the prim e d isp lay d iŒered

from those in the probe disp lay (d iŒerent d istractor cond ition ), and 20 in

w hich targe ts w ere ¯ anked by p lus signs (the neutra l cond ition ).

R e su lts

R eaction tim es (R T s) ab ove 2000m sec and below 250m sec w ere elim inated

from the sta tistica l ana lyses. T he percen tage of R T s d iscarded w as

neg ligible. A lso , conservative F isher’ s L SD tests were perform ed for post-

hoc com parisons in all experim ents.

T he m ean R Ts and error percen tages over subjects for Experim ents 1a

and 1b are sh ow n in Tab le 2 . T wo diŒerent ana lyses w ere perform ed on both

R T data from correct tria ls and on errors. The ® rst ana lysis com pared the

tw o ``sam e’ ’ response cond itions (diŒerent d istractor [D D ] and neutra l [N ]).

T h is ana lysis assessed interference from ¯ ank ing d istractor letters on

responses to the centra l target. T he second analys is invo lved the ``diŒerent’ ’

T A B L E 1

E x a m p le s o f th e C o n d i tio n s U s e d in th e M a tc h in g T a s k U s e d in E x p e rim e n ts 1 a

( N o rm a l S u b je c ts ) a n d 2 a ( D W )
a

E xperim ent 1a

``Sam e ’ ’ T rials D D N

Prim e D isp lay M A M + A +

Prob e D isp lay T A T + A +

``D iŒerent’ ’ T ria ls IR D D N

Prim e D isp lay M A M M A M + A +

Prob e D isp lay T M T L T L + M +

E xperim ent 2a

``Sam e ’ ’ T rials D D -L D D -R N

Prim e D isp lay M A + + A M + A +

Prob e D isp lay T A + + A T + A +

``D iŒerent’ ’ T ria ls IR -L IR -R D D -L D D -R N

Prim e D isp lay M A + + A M M A + + A M + A +

Prob e D isp lay T M + + M T L T + + L T + M +

a
E xperim ents 1b and 2b varied th e case in w hich som e stim uli w ere disp layed (see tex t for

d eta ils).
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response data (in cond itio ns N , D D , and ignored repe tition [IR ]). T h is

ana lysis assessed both in terference and negative prim ing eŒects.

B ecause E xperim en t 1b is a rep lication of Experim ent 1a , Fb and Fa

respec tive ly w ill be used to identify the stat istica l analyses carried out on

each sub-experim ent.

In terference on ``Sam e’ ’ Trials. A 2 2 w ith in-sub jects ana lysis o f

variance (A N O V A ) show ed reliab le d iŒerences betw een con d itions D D

and N , and betw een the short (100m sec) and the long (800m sec) SO A s in

both experim ents. For the cond ition eŒect, Fa (1 , 13) = 10 .24 ,

M Se = 2637 , P 0 .01, and Fb (1, 13) = 22 .7 , M Se = 485, P 0.001 . F or

the eŒects of SO A , Fa (1, 13) = 4.8 , M se = 8621 , P 0 .05, and

Fb (1 , 13) = 13.5, M Se = 3553 , P 0 .01 . H ow ever, the SO A cond ition

interaction d id not reach sta tistica l sign i ® cance [F a(1 , 13) = 3.08 . P 0 .05 ,

Fb (1 , 13) = 2.35 , P 0.05 ]. R T s were faster w ith the long relative to the

short SO A , and they w ere slower w hen interfering d istrac tor letters w ere

presen t (in cond ition D D relative to the neutral baseline, N ).

T he ana lysis o f the errors a lso revea led re liab le m ain eŒects o f both

cond itio n and SO A . F or SO A , F a(1 , 13) = 6.2 , M Se = 58.5, P 0.05 , and

Fb (1 , 13) = 7.5 , M Se = 43.2 , P 0 .05 . For cond ition , Fa (1, 13) = 7.2 ,

M Se = 43.5 , P 0.05 , and Fb (1 , 13) = 13 .05 , M Se = 16.6 , P 0 .01. T he

T A B L E 2

M e a n R e a c tio n T im e s ( R T ) a n d P e rc e n ta g e E rro rs ( E r) a s a

F u n c tio n o f S O A a n d C o n d i tio n ( E x p e rim e n ts 1 a a n d 1 b )

R espo nse : Sam e D iŒeren t

C ondition: D D N IR D D N

E xperim en t 1a

100m sec SO A

R T 609 54 8 546 54 7 536

E r 18 .8 10 .4 3 .8 4 .6 3.8

800m sec SO A

R T 538 51 0 556 53 6 533

E r 10 .0 8.9 3 .0 3 .4 3.2

E xperim en t 1b

100m sec SO A

R T 628 59 0 593 59 2 599

E r 12 .7 7.1 2 .7 3 .8 4.8

800m sec SO A

R T 560 54 1 566 54 8 541

E r 6 .3 3.9 2 .0 1 .1 2.1

D D = diŒeren t d istracto r, N = n eu tral d istrac tor, IR = ignored repe-

t ition .
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SO A cond ition in terac tion w as reliab le in E xperim ent 1a

[Fa (1 , 13) = 11 .6 , M Se = 16.2 , P 0 .01 , but Fb (1, 13) = 1.32 , P 0 .05].

A dd itiona l ana lyses o f th is in teraction show ed that the d iŒerent d istractor

cond itio n (D D ) produced m ore errors than the neutra l con d ition (N ), but

on ly for the short SO A [Fa (1 , 13) = 12 .7 , M Se = 38.8 , P 0 .01].

P rim ing on ``D iŒerent’ ’ T ria ls. A 2 3 analysis o f variance (A N O V A )

w as perform ed on correct R Ts, w ith SO A (100m sec , 800m sec ) and

cond itio n (IR , D D , and N ) as the w ith in-sub ject factors. A cross both

E xperim ents 1a and 1b there w ere on ly tw o reliab le eŒects: a m ain eŒect o f

cond itio n in Experim ent 1a [Fa (2 , 26) = 4.21 , M Se = 448.36 , P 0 .05 ] and

an SO A cond ition interaction in E xperim ent 1b [Fb (2, 26) = 4.04 ,

M Se = 393, P 0 .05 ]. H ow ever, the pattern of resu lts w as identical in

both experim ents: T here w as negative prim ing (revea led by a d iŒerence

betw een cond ition s IR and D D ) at the long but not at the short SO A . A t

the short SO A , there w as no m ain eŒect o f the cond itions [Fa (2 , 26) 1 ,

Fb (2 , 26) 1 ]. W ith the long SO A , the cond ition eŒect w as reliab le for

both experim ents [Fa (2 , 26) = 3.57 , M Se = 622, P 0 .05 , Fb (2, 26) = 7.99 ,

M Se = 275, P 0.01 ]. Post-hoc com parisons show ed that responses w ere

longer in the ignored repetition (IR ) cond ition re lative to both the d iŒerent

d istractor (D D ) and the neutra l (N ) cond itions (P 0.05 in E xperim ent 1a ,

P 0 .01 in E xperim ent 1b). There w ere no d iŒerences betw een cond itions

D D and N .

A nalysis o f the error rates fa iled to revea l any reliab le eŒects in

E xperim ent 1a . In E xperim ent 1b , there w as on ly a m ain eŒect of SO A

[Fb (1 , 13) = 7.9 , M Se = 10.9 , P 0.05 ]. The error rate w as h igher w ith the

short than w ith the long SO A .

O vera ll, the error rate w as higher in the sam e than in the d iŒerent trials.

T hat counterin tuitive pattern cou ld be due to a certa in b ias to respond

``diŒeren t’ ’ since the percen tage of d iŒerent tria ls w as h igher than the

percen tage of sam e tria ls (60% vs. 40% ). N evertheless, w e d id not expect

any response b ias to aŒect either inter ference or negative prim ing , since

the relevant com parisons to m easure those eŒects were cond ucted am ong

cond itio ns belong ing to the sam e category of response.

E x p e rim e n t 1 a v s . 1 b

In ord er to determ ine the level o f processing d istractor letters reached in

E xperim ent 1 , a com parison betw een Experim ents 1a and 1b w ould be

desirab le. W e conducted a further ana lysis o f variance (A N O V A ) on both

``sam e’ ’ and ``diŒerent’ ’ tria ls. Experim ent (1a , 1b) w as the betw een-

sub jec ts factor, and SO A (100m sec, 800m sec ) and cond ition (D D and N

for ``sam e,’ ’ an d IR , D D , and N for ``diŒerent’ ’ tria ls).
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In terference on ``Sam e’ ’ T ria ls. T he eŒects o f SO A and cond ition w ere

reliab le. T he short SO A produced longer R T s than the long one (594m sec

vs. 537m sec), [F (1 , 26) = 14 .66 , M Se = 6087 , P 0 .001 ]. A lso cond ition

D D produ ced longer R T s than cond ition N (584m sec vs. 548m sec),

[F (1 , 26) = 23.22 , M Se = 1561 , P 0.001 ]. T h is in terference eŒect w as

larger for the short SO A than for the long one (49m sec vs. 23m sec) as

sta ted by the reliab le SO A cond ition in terac tion [F (1, 26) = 5.34 ,

M Se = 899, P 0.05 ]. N o other eŒects w ere reliab le.

E rror ana lysis showed a m ain eŒect o f both SO A and condition .

Percen tage of errors w ith the short SO A w as larger than w ith the long one

(12 .2 vs. 7 .3) [F (1 , 26) = 13 .5 , M Se = 51.9, P 0 .01 ]. C ond ition D D

produced m ore errors than cond ition N (11 .9 vs. 7 .6) [F (1 , 26) = 17 .47 ,

M Se = 30, P 0 .001]. T he SO A cond ition interaction show ed that the

d iŒerences betw een D D and N w ere larger w ith the short SO A

[F (1 , 26) = 8.9 , M Se = 21.9 , P 0 .01 ]. N o other diŒerences w ere re liab le.

P rim ing on ``D iŒerent’ ’ T rials. The m ain eŒect o f SO A and the

E xperim ent SO A interaction w ere reliable [F (1 , 26) = 5.34 , M Se = 3787 ,

P 0 .05 ; and F (1 , 26) = 4.93, M Se = 3787 , P 0 .05 , respective ly ]. A ga in

the short SO A produced longer R Ts than the long one, but it w as on ly

true for Experim ent 1b (595m sec vs. 552m sec). F or E xperim ent 1a SO A s

d id not d iŒer each other (543m sec vs. 542m sec). C ond ition w as a lso

reliab le [F (2 , 52) = 5.64 , M Se = 436, P 0 .001 ]. C ond ition IR produced

longer R T s than cond itions D D and N , as indicated by post-hoc

com parisons (P 0 .05). H ow ever, the SO A cond ition interaction w as

reliab le [F (2 , 52) = 3.75, M Se = 524, P 0 .05], that is, the negative

prim ing eŒect (D D m inus IR ) w as on ly observed w ith the long SO A

( 19m sec), but not w ith the sh ort one (1m sec) (see F ig . 1 ).

T he ana lysis o f e rror rates show ed on ly a m ain eŒect of SO A

[F (1 , 26) = 7.15 , M Se = 11.99 , P 0.05 ]. E rror percen tage w as larger

w ith the short than w ith the long SO A (3 .9 vs. 2.5).

D is c u s sio n

N orm al sub jects show ed both interference eŒects from sim ultaneously

presen ted d istractor letters (on sam e tria ls) and negative prim ing eŒects

(on d iŒeren t trials). There w as no ev iden ce for in terference eŒects on

d iŒerent tria ls (cf. the com parison betw een cond itions D D and N ),

presum ably because the m ain eŒect of a d iŒerent, irre levant d istractor is to

d isrupt a m atch ing response w hen the target is the sam e in the prim e and

the probe disp lays (E riksen & Eriksen, 1974).

In terference eŒects (on sam e tria ls) tended to be sm aller in Experim ent

1b than in E xperim ent 1a (28.5 vs. 44 .5m sec , averaged across the tw o
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F IG .1. Prim in g eŒects (D D m inu s IR for E xperim ent 1 , and D D -L m in us IR -L fo r E xperim ent

3 ) as a function of SO A fo r ``d iŒerent’ ’ respon ses. See text fo r d eta ils.
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SO A s). T h is m ay be because the irrelevant d istractors, on probe trials,

d isrupt the easier (physica l) m atch ing task m ost.

F uentes et a l. (subm itted ) used a sim ilar task to that used here , excep t

that sub jects had to decide w hether the cen tral stim uli were both letters or

both num bers (ra ther than physica l or nam e m atch ing , as used here). T hey

found evidence for negative prim ing not on ly in the ignored repetition

cond itio n (as here ) but also in the d iŒerent d istractor cond ition (they

term ed it the unrepeated cond itio n), w hen perform ance was com pared

w ith the neutra l d istractor cond ition . T hey suggested that, w hen m atch ing

w as perform ed at a category level, inh ib ition co uld app ly to all item s

w ith in a category (see a lso N eum ann & D eSchepper, 1992), w hen those

item s had to be suppressed as d istractors in prim es. In Experim ent 1 here,

either physica l (Experim ent 1a) or nam e (Experim ent 1b) m atch ing w as

requ ired . In th is case, inh ib ition seem s to be app lied on ly to the particu lar

d istractors in prim e disp lays; hence negative prim ing occurs on ly w hen the

le tter d istractors in prim es are re-presen ted as cen tra l target letters (in

cond itio n IR ). In teresting ly , negative prim ing occurred here even though

an exp licit (overt) response w as not requ ired to prim e d isp lays. T h is

suggests that negative prim ing re ¯ ects the inh ib ition of in terna l repre-

sen tations o f stim uli and not sim ply inh ib ition of a particu lar response

that m ight be paired w ith the ignored pr im e.

O ne additiona l resu lt w as that, in both sub-experim ents, negative

prim ing em erged at the long but not the short ISI (see F ig . 1). T h is

rep lica tes prev ious stud ies by Fuentes et al. (subm itted ), using the presen t

m atch ing parad igm . It suggests that inh ib itory processes take som e tim e to

app ly to d istractors in prim es, consisten t w ith such processes being

dependent on contro lled v isua l a tten tion (Posner & Snyder, 1975 ; see a lso

Y ee , 1991 for a sim ilar conten tion).

F ina lly , the lack of any d iŒerence betw een E xperim ents 1a and 1b

suggest that d istractor letters reached a rather abstract leve l o f processing .

E X P E R IM E N T 2 : P R IM IN G IN A PAT IE N T W IT H A

PA R IE TA L L E S IO N

In Experim ent 2 w e exam ined w heth er sim ilar resu lts to those found w ith

norm al sub jects occurred in a patien t w ith a righ t parietal lesion .

C a s e R e p o r t

D W is a 60-year-o ld right-handed m an w ho suŒered a righ t cerebrovas-

cu lar accident (C V A ) in 1990 . In itial clin ical testing ind icated left neg lect
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across a range of tasks: copy ing , line cancella tion , line b isection , and

read ing . By the tim e of testing (three years after h is CV A ), how ever, the

clin ica lly aparen t neg lect had reso lved , though his report o f left- ® e ld

stim uli rem ained im poverished under cond itions o f doub le sim ultaneous

stim ulation. N o ® eld de ® c its w ere apparent in perim etric testing , and

D W ’ s report w as good w hen he w as presen ted w ith sing le left- ® e ld stim uli.

D W had a m ild left hem iparesis, aŒecting h is arm m ore than h is leg . CT

scan showed a righ t parieta l lesion .

E x p e rim e n t 2 a

In Experim ent 2a , D W perform ed the sam e letter-m atch ing task as the

norm al sub jects, a lthough on ly the long interva l (800m sec SO A ) w as used .

D W w as g iven 8 b lock s (the 2 ® rst b locks for practice ) o f 100 tria ls. F or

h im the experim enta l cond itions (d iŒerent d istrac tor sam e, ignored

repetition , and d iŒerent d istractor d iŒerent) were subd iv ided w ith in each

b lock so that on 30 tria ls a sing le left d istractor was presen ted (D D -L

sam e, IR -L and D D -L diŒerent, 10 tria ls respect ively); on ano ther 30 tria ls

on ly the righ t d istractor w as presen t (D D -R sam e, IR - ÂR and D D -R

diŒerent, 10 tria ls respective ly). T here w ere 40 neutral tria ls (20 sam e, 20

d iŒerent) (see bottom of T ab le 1).

T he experim enter hit the appropriate key , im m ediately afte r D W m ade

a verba l respo nse (``sam e ’ ’ o r ``diŒerent’ ’ ). ``B lind ’ ’ respond ing by the

experim enter w as ensured by sitting h im in a position w here he cou ld not

see the screen .

R e s u lts

T able 3 (top) presen ts the data for D W in the m atch ing task. A s w ith

norm al su bjects, tw o d iŒerent ana lyses w ere perform ed : one on ``sam e’ ’

responses to assess letter in terference, the other on ``diŒerent’ ’ responses to

assess in terference and negative prim ing eŒects.

R T s above 4000m sec and below 500m sec were elim inated from the

ana lyses. A neg lig ib le num ber of data (less than 1% ) w ere d iscarded

fo llow in g that criterion .

In terference on ``Sam e’ ’ T ria ls. A one-way analysis o f variance

(A N O V A ) w as perform ed , w ith cond ition (D D -L , D D -R , and N ) as a

betw een-sub jects factor. Ind iv idua l R T s w ere treated as independ ent o f

one another, and as orig inated from diŒerent sub jects, a procedure

appropriate for single-case ana lyses o f R T data (see D e H aan , Y ou ng, &

N ewcom be, 1987). T he m ain eŒect of cond ition w as not reliab le

[F (2 , 166) = 2.16 , P 0 .10 ]. T here w as a lso no eŒect o f cond ition on

error rates [
2

( 2 ) 1 ].
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P rim ing on ``D iŒerent’ ’ T ria ls. A one-w ay A N O V A w as perform ed ,

w ith cond ition (IR -L , IR -R , D D -L , D D -R , and N ) as a between-sub jects

factor. In th is case the m ain eŒect o f cond ition w as reliab le

[F (4 , 316) = 3.04 , M Se = 365167 , P 0 .025]. Post-hoc com parisons

show ed that R T s in cond ition IR -L were re liab ly faster than those in

both cond itions IR -R and D D -L (P 0 .05). R Ts w ere slow er in cond ition

IR -R than in cond itions D D -R an d N (P 0 .05). N o other com parisons

w ere reliable.

T here were no reliable eŒects on errors [
2

(4 ) = 4.31, P 0.10 ].

D is c u ss io n

D W ’ s perform ance contrasted w ith those of the norm al sub jects in

severa l w ays. F irst, and m ost im portant, relative to w hen a d iŒerent

d istractor w as in h is left ® e ld, R T s w ere facilita ted w hen left- ® e ld

d istractors in prim es becam e targets. T his was not due to a sim ple speed-

error trade-oŒ, since the error rate w as low in cond ition IR -L . N or d id the

eŒect occur because D W failed to app ly inh ib itory processes to d istractor

le tters in prim es in other cond itio ns; ``norm al’ ’ negative prim ing occurred

in the ignored repetition cond ition w hen righ t- ® e ld distractors becam e

targets. R ather the data suggest that: (1 ) left- ® e ld distractors w ere

processed su� c ien tly to produce positive prim ing w hen they w ere repeated

as targets; (2) D W failed to app ly inh ibitory processes to left- ® e ld

d istractors. T h is last observation is consisten t w ith inhib itory processes

being dependent on conscious visua l a tten tion , and w ith left- ® e ld stim uli

being processed unconsc iously by D W . This last possib ility w as

investigated directly in E xperim ent 4 , w here D W w as requ ired to decide

T A B L E 3

D W ’ s M e a n o f R e a c t io n T im e s a n d P e rc e n ta g e E rro rs in th e M a tc h in g T a s k a s a

F u n c tio n o f C o n d it io n s ( E x p e rim e n ts 2 a a n d 2 b )

R esponse : Sam e D iŒerent

C ond ition: D D -L D D -R N IR -L IR -R D D -L D D -R N

E x pe rim en t 2a

R T 11 17 134 0 1146 1322 16 83 160 7 14 20 14 66

S D 443 69 2 530 41 8 706 69 7 516 625

E r 25 .0 31 .6 30.8 10.0 10 .8 10 .0 8.3 10 .8

E x pe rim en t 2b

R T 10 13 112 2 1100 1117 11 35 127 7 12 33 12 30

S D 183 39 3 296 20 8 265 35 0 317 369

E r 8.3 15 .0 19.2 8 .3 6.7 11 .6 11 .6 7.5
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how m any stim uli w ere presen ted in d isp lays presen ted for the sam e

exposure duration as prim e d isp lays in Experim ent 2 .

O ur interpreta tion of these data is based prim arily on com parisons

betw een cond itions IR -L and D D -L. T hese cond itions are m atched, both

hav ing a ¯ ank ing letter d iŒerent to the centra l targe t. T he neutra l

cond itio n N fell m id -way betw een cond itions IR -L and IR -R , but the p lus

signs w ere not m atched for v isua l sim ilarity to the ¯ ank ing le tters. A lso ,

on ly in cond ition N w ere righ t- and left- ® e ld d istractors iden tica l (both

p lus signs). T h is m eans that the target m ay have been ea sier to m atch in

cond itio n N because `` + ’ ’ d istractors caused less in terference than letter

d istractors, and because righ t- ® e ld item s m ay have tended to suppress the

sim ilar left- ® e ld item s (see Bay lis, R afa l, & D river, 1993). T he com parison

betw een cond ition s IR -L (or IR -R ) and D D -L (or D D -R ) is better

m atched for the sim ilarity o f the d istractors, and in neither case w ere

righ t- and left- ® e ld item s identical.

D W , un like the norm al sub jects in E xperim ent 1 , a lso fa iled to show

reliab le in terference on sam e tria ls when d iŒerent relative to neutra l

d istractors were presen t . N evertheless, a trend for in terference in R T w as

apparent when the d istractor w as in the righ t v isual ® e ld , a lthough D W ’ s

m atch ing perform ance w as too variab le to estab lish statistica l sign i ® can ce.

T h is was assessed again in E xperim ent 2b, wh ich a lso exam ined w hether

prim ing occurred betw een d istractors and targe ts d iŒering in case.

E x p e rim e n t 2 b

In th is experim ent, targets w ere in upper case and d istractors w ere in

low er case. D W w as given 8 b locks (the 2 ® rst b locks for prac tice) o f

100 tria ls.

M e th o d

T his was the sam e as in Experim ent 2a , except that d istractors w ere in

low er, not upper case. D W was again instructed to carry out physica l

m atches o f targe ts. A physical m atch task was m aintained w ith D W

because he found it di� cu lt to carry out the cross-case m atch ing task

reliab ly (cf. Experim ent 1b). N evertheless, the level of represen tation

invo lved in prim ing can be assessed since d istractors in prim es d iŒered in

case from targets in probe d isp lays even w hen they w ere the sam e le tter.

R e s u lts

R T s above 4000m sec and below 500m sec were elim inated from the

ana lyses. In do ing th is, a neg lig ib le num ber of trials (less than 1% ) w ere

d iscarded . D ata are show n in T ab le 3 .
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B y the tim e Experim ent 2b w as conducted , D W had rece ived

considerable prac tice at the task , lead ing both to faster R T s and to a

low er error rate .

In terference on ``S am e’ ’ Trials. A s in E xperim ent 2a, a one-way

analysis o f variance (A N O V A ) was perform ed , w ith con d ition (D D -L ,

D D -R , and N ) as a betw een-sub jects fac tor. The m ain eŒect o f cond ition

w as not reliable [F (2 , 200) = 2.1 , P 0 .10 ]. T here w as also no eŒect o f

cond itio n on error rates [
2

(2 ) = 3.6, P 0.10 ].

P rim ing on ``D iŒerent’ ’ T ria ls. A one-w ay A N O V A w as perform ed ,

w ith cond ition (IR -L , IR -R , D D -L , D D -R , and N ) as a between-sub jects

factor. The m ain eŒect o f cond itio n w as reliab le [F (4 , 323) = 2.67 ,

M Se = 101,521 , P 0 .05 ]. Post-hoc com parisons show ed that R Ts in

cond itio n IR -L were reliably faste r than those in cond ition s D D -L and N

(P 0 .05), an d R T s were m argina lly faster in cond ition IR -R than in

cond itio n N (P 0 .06). N o other com parisons w ere reliab le.

T he resu lts show ed the fastest R T s in cond ition IR and the slow est in

cond itio n D D , irrespec tive o f the ® e ld w here the d istractor w as presen ted .

T o prov ide a m ore d irect test o f the d iŒerences be tw een cond itions IR and

D D , data from ignored repetition (IR -L , and IR -R ) and d iŒerent

d istractor cond itions (D D -L , and D D -R ) w ere co llapsed across the

v isua l ® e lds. A further one-w ay A N O V A w as conducted w ith cond itions

IR , D D , and N as the be tween-group factor. T he eŒect o f cond ition w as

then re liab le [F (2 , 325) = 5.06, M Se = 101,076 , P 0.01 ]. Post-hoc

com parisons show ed that R Ts w ere faster in cond ition IR than in

cond itio ns D D and N . N o diŒerences w ere observed betw een the tw o

latter cond itions.

T here were no reliable eŒects on errors [
2

(4 ) = 1.82, P 0.10 ].

D is c u ss io n

E xperim ent 2b sought to assess the level o f pro cessing conducted on

d istractors in D W ’ s left v isual ® e ld , by using d istractors that d iŒered in case

from targets. U nder these circum stances, w e found that d istractors in the

ignored repetition condition facilitated target responses, and th is w as the

case irrespective o f w hether d istrac tors were in the left or the righ t visual ® e ld

(a lthough the eŒect was largest w ith left- ® e ld d istractors). In add ition , the

data show that left- ® e ld stim uli do not need to be identical to targets to

facilitate responses. In an analys is com paring cond itions IR -L and D D -L

across E xperim ents 2a and 2b , there was a m ain eŒect o f cond ition

[F (1 , 212) = 12 .97 , M Se = 206,146 , P 0.001 ], but no in teraction w ith the

experim ent [F (1 , 212) = 1.04 , P 0.30 ]. T h is last re su lt suggests that left- ® e ld
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stim uli are coded to a level o f e ither abstract lette r iden tities (cf. E vett &

H um phreys, 1981) or nam e represen tations (Posner, 1978).

T he on ly contrast w ith Experim ent 2a w as that facilita tion in the

ignored repetition cond ition a lso occurred w hen d istractors w ere presen ted

in the righ t v isua l ® e ld . Th is resu lt m ay be expected if the suppression of

d istractor in form ation is contingent on the form of targe t cod ing requ ired

for the task . In E xperim ent 2b , form -m atching of upper-case targets w as

requ ired . In that case, there m ay be relatively little need to suppress low er-

case d istractors, since they present a less poten t source o f in ter ference

relative to w hen upper-case d istractors are used . T ip per, W eaver, and

H oughton (1994) , for instance, have recen tly argued that inhib ition is

linked to prop erties o f d istractors that com pete for goa l actions. In the

presen t procedure, low er-case d istractors appear not to com pete for the

goa l ac tion of form -m atching to upper-case targets. N ote that the task w e

w ere forced to use w ith D W , w ith targets in prim e and probe d isp lays

being m atched for physica l iden tity , d iŒers from that used w ith contro l

sub jec ts (E xperim ent 1b , w here nam e m atch ing w as used). H ence d iŒerent

processes m ay be expec ted to operate, even for d istractors that can be

perce ived conscious ly (e .g . in cond ition IR -R ). O ur ® nd ing of positive

prim ing in cond ition IR -R relative to cond ition D D -R , a lthough

interesting, is independ ent o f the m ain resu lt re levant to our presen t

concerns: Left- ® e ld d istractors o f d iŒerent case to targe ts still facilita te

target respo nses, re lative to w hen a d iŒerent d istractor letter is used .

E X P ER IM E N T 3

D ata from D W in the physica l m atch ing task of E xperim ent 2 revealed

that, w hen the left- ® e ld d istractors in prim es becam e targe ts, facilita tion

instead of inh ib ition w as observed . W e suggest that, contrary to norm als,

D W failed to app ly inh ib itory processes to stim uli that he d id not perceive

conscious ly . H ow ever, data from the contro l sub jects are not com pletely

com parab le to those of D W . In the critical cond itions o f E xperim ent 1 (IR

and D D ), norm al sub jec ts w ere presen ted w ith d isp lays conta in ing tw o

d istractor letters, w hereas D W w as presen ted w ith d isplays contain ing one

d istractor letter and one p lus sign (see T ab le 1). Thus, it is possible that

the lack of negative prim ing from left- ® e ld stim uli for D W is due to the

presence of only one d istrac tor letter. T he w ay in w hich a sing le d istractor

cou ld aŒect D W ’ s perform ance is not clear, but one possib ility is that the

d istractor sh ifted the centre o f m ass o f the disp lay , causing atten tion to

m ove to the periphery (see G rabow ecky, R obertson , & T reism an , 1993).

E ven so , w e w ould still need to exp la in w hy R T s w ere faster when the le ft-

side d istractors in prim e d isp lays becam e targets, relative to w hen left-side

d istractors and targe ts w ere d iŒerent letters.

1 2 8 F U EN T E S A N D H U M P H R E Y S



A second possib ility is that read ing hab its cou ld b ias D W ’ s atten tion to

the left w hen on ly the left- ® e ld d istrac tor w as presen t. Possib ly , th is bias to

attend to le ft-side stim uli m ay lead to activation rather than inh ib ition of

these represen tations. If that is true, we expect that norm al sub jects shou ld

a lso be aŒected by read ing hab its, an d therefore they shou ld not show

negative prim ing w hen on ly le ft d istrac tor letters are d isp layed . T h is w as

exam ined in E xperim ent 3 .

In Experim ent 3, norm al sub jects were presen ted w ith som e of the

cond itio ns o f Experim ent 1a , but the righ t- ® e ld d istrac tor letter w as

rep laced by one p lus sign .

M e th o d

Subjects. F ourteen students o f the U niversidad de A lm er õ Â a partici-

pated . The students received course cred it for their participation , and a ll o f

them had norm al or corrected -to -norm al v ision .

P rocedure. Sub jects were g iven 3 b locks (the ® rst fo r practice) o f 50

tria ls. D istractor letters w ere presen ted only in the left visual ® e ld . T he

righ t- ® e ld d istractor w as a lw ays a p lus sign . O n 20 trials (``sam e’ ’ tria ls)

the target in the pr im e d isp lay w as repeated in the probe d isp lay (10 in the

cond itio n w ith a d iŒerent d istractor, D D -L , and 10 in the neutra l

cond itio n , N ); on 30 tria ls (``diŒerent’ ’ tria ls) the target in the probe

d isp lay w as d iŒerent to that o f the prim e d isp lay . In the d iŒerent target

cond itio n , there w ere 10 tria ls, in w hich the left d istrac tor in the prim e

d isp lay becam e the targe t in the probe d isp lay (the ignored repetition

cond itio n , IR -L ), 10 in w hich the left d istractor in the prim e d isp lay

d iŒered from that in the probe d isp lay (the d iŒerent d istractor condition ,

D D -L ), and 10 in which targe ts w ere ¯ anked by p lus signs (the neutra l

cond itio n , N ).

T he rem ain ing cond itions m atched those in the previous experim ents.

R e s u lts

A s in E xperim en t 1 , R T s above 2000m sec and be low 250m sec w ere

elim inated from the ana lyses.

In terference on ``Sam e’ ’ T ria ls. A one-way analysis o f variance

(A N O V A ) w as conducted w ith cond ition (D D -L, N ) as a w ith in-subjects

factor. The m ean R Ts w ere 471m sec in cond ition D D -L , and 462m sec in

cond itio n N . T he m ain eŒect o f cond ition was not reliab le [F (1, 13) = 1.65 ,

P 0 .10 ]. T here w as a lso no eŒect o f cond ition on error rates (3 .2 in D D -

L and 3.9 in N ), [F 1 ].
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P rim ing on ``D iŒerent’ ’ T ria ls. A one-w ay A N O V A w as perform ed ,

w ith cond ition (IR -L , D D -L , and N ) as a w ith in-sub jec ts factor. T he

m ean R T s were 493m sec in cond ition IR -L , 473m sec in cond ition D D -

L , and 470m sec in cond ition N . T he m ain eŒect of cond ition w as

reliab le [F (2 , 26) = 3.66 , M Se = 606, P 0 .05 ]. Post-hoc com parisons

show ed that R Ts in cond ition IR -L w ere reliab ly longer than those in

cond itio n D D -L and N (P 0.05). C ond itions D D -L and N did not

d iŒer from each other.

T he error percen tage was 2 .5 in each of the three cond itions (IR -L ,

D D -L , and N ).

D is c u ss io n

C ontrary to D W , norm al sub jects show ed inh ib ition even w hen just

a sing le left- ® e ld d istractor w as presen t (see F ig . 1). T h is does not ® t

w ith the conten tion that read ing hab its cou ld b ias D W ’ s atten tion to

the left visual ® e ld , preventing inh ib ition from being app lied to those

stim uli. R ather, the resu lts o f E xperim ent 3 suggest that conscious

percep tion is a necessary cond ition for inh ib ition to occur. B ecause

there is extinction of left- ® e ld d istractors for D W , inh ibition is not

app lied to tho se stim uli. T he resu lts from ``sam e’ ’ tria ls are a lso

in tere sting. C ontrary to the resu lts of E xperim ent 1 , norm al subjects

d id not show inter ference eŒects in th is experim ent, m atch ing the

® nd ings w ith D W (E xperim ent 2). It seem s that in terference is observed

m ore easily w hen two letters are presen ted as d istractors rather than

one, perhaps because there is then increased activation for the

com peting (d is tractor) letter iden tity.

E X P ER IM E N T 4 : E X T IN C T IO N T E S T S

F rom the resu lts o f Experim ent 2 w ith D W w e suggested that left stim uli

w ere processed to a rather abstract leve l. H owever, D W failed to app ly

inh ibitory processe s to those stim uli. W e conc luded that: (1) inh ib itory

process ing is contingent upon consc ious visual a tten tion ; and (2) D W

processed left d istrac tors unconsc iously . In Experim ent 4, w e went further

to test w hether left ® e ld d istrac tors, presen ted as brie¯ y as prim es in

E xperim ent 2 , were really extingu ished for D W .

E x tin c tio n Te s ts

T w o kinds of tests w ere used . F or both , d isp lays w ere com prised of

three charac ters. O n half the tria ls a cen tra l blue le tter (the target) w as

¯ anked by two green p lus signs (the no-distractor cond ition). O n the other

ha lf, one of the p lu s signs w as rep laced by a green letter (the d istractor).
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T h Âe d istractor appeared random ly and w ith equal pro bab ility either on the

le ft (le ft-d istractor cond ition ) or on the righ t (righ t-d istrac tor cond ition ).

F or the w hat test, D W w as to ld to report the cen tra l b lue letter. For the

how m any test, D W w as to ld to report the num ber of letters presen t

irre spective o f their identity , co lour, or location . Prior to the experim enta l

sessions, D W w as to ld w hich letters cou ld appear. The sam e letters w ere

used as in the m atch ing task .

E ach trial star ted w ith a ® xa tion po int lasting 500m sec, fo llow ed by a

d isp lay for 60m sec . A fter the disp lay , a m essage say ing ``W hat’ ’ w as

presen ted until the response w as m ade, then the m essage ``H ow m any’ ’

w as presen ted until the new response was m ade. T he inter-trial in terva l

w as 1000m sec.

D W received 3 b locks of 40 tria ls. W ith in each b lock there were 20

tria ls in the contro l cond ition , 10 in the left-d istractor cond ition , and 10 in

the righ t-d istrac tor cond ition . O n each tria l, D W perform ed the w hat test,

and then he w as asked to report the num ber of letters that had appeared

(the how m any test).

T he extinction tests were run before D W com pleted the last three

b locks of tria ls of E xperim ents 2a and 2b .

R e s u lts

T able 4 shows the percen tage of correct re sponses in both the w ha t and

how m any tests. W hen the patien t was asked to identify the cen tral b lue

le tter (in the w hat test), no d iŒerences w ere observed betw een the three

cond itio ns: no , left-d istractor, or righ t-d istractor. W hen D W was asked to

report the num ber of stim uli in the d isp lay (the how m any test), reliab le

d iŒerences em erged betw een the cond itions [
2

( 2 ) = 114.87 , P 0 .001].

Perform ance w as w orse w ith a left- ® e ld d istrac tor, relat ive to that in the

no d istractor and the right- ® e ld d istractor cond itions [
2

(1 ) = 85.6 and

60 .0 , P 0 .001 , respectively ]. There w as no d iŒerence betw een the righ t-

d istractor and the contro l cond ition [
2

(1 ) 1 ]. D W m issed the left

d istractor on a ll tria ls (see T ab le 4).

D is c u ss io n

T here w as no eŒect o f e ither a le ft- ® e ld or righ t- ® e ld distractor on the

accuracy of identifying the centra l targe t letter. Th is resu lt m eshes w ith the

lack of interference eŒects w e observed on ``sam e ’ ’ trials in the m atch ing

task in Experim ents 2a and 2b . T he data ind icate that ``neg lected ’ ’ stim uli

(in D W ’ s left ® e ld ) d id not com pete for responses w ith cen tra l targets. In

add ition , D W w as extrem ely poor at decid ing that tw o letters w ere presen t

w hen the d istractor w as in the left ® e ld; he fa iled to repo rt any ``2-let ter ’ ’

tria ls in that cond ition . Th is w as not due to a genera l b ias to report ``1 ’ ’
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over ``2-letter ’ ’ tria ls, since he perform ed perfec tly w hen the second letter

w as in the righ t visual ® e ld . R ather the data con ® rm that left- ® e ld

d istractors are extingu ished , due to sim ultaneous presen tation of the

centra l targe t.

G E N ER A L D IS C U S S IO N

D W show ed m arked extinction to left- ® e ld stim uli presen ted for relatively

brie f exposures under conditions o f doub le sim ultaneo us stim ulation .

U sing the sam e exposure durations as those used for prim e d isplays in the

m atch ing experim ents, D W failed to detec t even the presence of any le ft-

® e ld letters (E xperim ent 4). D esp ite th is, data from the m atch ing

experim ents (E xperim ents 2a and 2b) dem onstra ted that left- ® e ld letters

w ere processed ; in particu lar, le ft- ® e ld d istractors in pr im es fac ilita ted

``diŒeren t’ ’ re sponses to identica l targets in probe d isp lays (in the ignored

repetition cond ition ), relative to w hen d iŒerent d istractor le tters w ere used .

T h is occurred even when distractors in prim es were in low er case and

targets in upper case (E xperim ent 2b). T he data suggest that there can be

relative ly h igh -level processing of neg lected stim uli (e.g . to a leve l o f

abstrac t letter iden tities; E ve tt & H um phreys, 1981). N o te that th is

ev idence for h igh -level pro cessing occurred under cond itions designed to

m in im ise ``prim ing ’ ’ o f left- ® e ld item s from right- ® e ld or cen tra l stim uli,

and it ex tends that o f o ther sim ilar stud ies wh ich used a d iŒeren t task (see

B erti & R izzo latti, 1992 ; M cG linchey-B erro th et al., 1993). O ur ev idence is

for h igh -level process ing of d istractors in prim e d isp lays, w ith targets in

prim e disp lays always d iŒerent from distractors; such d istractors shou ld

not bene ® t from prim ing from targets (cf. Ber ti et a l., 1992).

T he data a lso ind icate a qualitative d iŒerence betw een the process ing of

d istractors in the left and righ t ® e ld s for D W . In Experim ent 2a , irrelevant

d istractors in the righ t ® e ld w ere suppressed, lead ing to negative prim ing

from distractors that were re-presen ted as targe ts on ``diŒerent’ ’ response

tria ls. T h is sam e resu lt w as found with norm al sub jects (E xperim ent 1). A s

noted earlier for D W , left- ® e ld d istractors facilita ted perform ance in th is

T A B L E 4

P e rc e n ta g e R e s p o n s e s b y D W in th e W h a t a n d H o w M a n y

T a s k s

C on d itions

T est T ype N o-d istrac tor L eft-d istrac to r R igh t-distrac tor

W h at 100 100 93

H ow M any 98 0 10 0
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cond itio n , relative to the d iŒerent-d istractor baseline. T he contrast

betw een negative and positive prim ing from (respective ly) right- and le ft-

® e ld stim uli suggests that, in neg lect, pa tien ts m ay be unab le to bring

inh ibitory processes to bear on ``extingu ished’ ’ stim uli. Th is is consisten t

w ith inh ib ition being contingent on the conscious represen tat ion of

d istractors. W e suggest that, under cond itions o f doub le sim ultaneous

stim ulation, D W attended to centre or to righ t- ® e ld stim uli but not to le ft-

® e ld stim uli. C onsc ious represen tation depends on stim uli being attended .

E ven w ithout atten tion , how ever, w ell-learned stim uli (such as letters) m ay

still contac t stored know ledge; for instance, in the presen t proced ure,

d istractor letters appear to activate their stored represen tations. T his pre-

activation fac ilitates subsequent m atch ing w hen d istractors are re-

presen ted as targets.

In contrast to the ev idence for fac ilita tory prim ing from ``extingu ished ’ ’

le ft- ® e ld stim uli, w e fa iled to ® nd reliab le in ter ference eŒects from

distractors on D W ’ s m atch ing and identi ® ca tion perform ance (in E xperi-

m ent 2 , and in the what task in Experim ent 4). T h is ind icates that D W w as

successfu l in selecting targe ts, u sing either co lour or location inform ation .

T he presen t ® nd ing of no reliab le in terference, a long w ith positive prim ing

from distractors, con ® rm s that in terference and prim ing are caused by

separate processe s (D r iver & T ipper, 1989 ; Fuentes e t al., subm itted ; see

a lso E xperim ent 3, w here single d istractor le tters w ere used w ith norm al

sub jec ts).

T w o other ® ndings are o f in terest, in that they support the conten tion

that inh ibition of d istractors operates a t the level o f processing requ ired

for selec tion in the task (cf. T ipper et a l., 1994). T he ® rst is that, fo r

norm al subjects in Experim ent 1a , negative prim ing w as con ® ned to a

cond itio n in w hich d istractors w ere identical to targets on ``diŒerent’ ’

tria ls. Fuentes et a l. (subm itted ) found negative prim ing in the d iŒerent-

d istractor cond ition , relative to the neutral cond ition , w hen subjects

m atched on the basis o f w hether targets in prim e and probe d isp lays w ere

both letters (or both digits). T h is ind icates that, in category m atch ing ,

inh ibition m ay be app lied across a category (i.e . to a ll letters, no t just

those repeated in prim e and probe d isp lays). H ere, m atch ing w as based on

physica l iden tity , and inh ib ition w as app lied on ly to the d istractors in

probe d isp lays.

T he second ® nd ing w as that, fo r D W , righ t- ® e ld d istractors diŒering in

case to targets w ere not inh ib ited (in E xperim ent 2b). T h is contrasted w ith

w hen distractors and targe ts w ere in the sam e case (Experim ent 2a). H ere

again , inh ib ition seem ed to be app lied on ly to stim uli coded at a level

appropriate for the goa ls o f the task . These resu lts support the proposa l

advanced by T ipper et a l. (1994) that inh ibition is a rather ¯ exib le

m echan ism . That is, inh ibition is assoc iated w ith distractor properties that
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com pete w ith the target for the contro l o f action . U pper-case d istractors

but not low er-case d istractors w ere inh ib ited in a task requ iring physica l

m atch ing of upper-case targe ts.

O vera ll, the data ind icate that there can be processing of ``ex tingu ished ’ ’

stim u li to a relatively h igh level by neg lect patien ts, that such stim ulus

represen tations nevertheless fail to be inh ib ited, and that inh ib ition is

app lied to the level o f cod ing requ ired for the goals o f a task .
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