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Abstract

Qrienting to an extrafoveal light cue without foveating 1t 1nduces a
tenpovary irhibition of responses 1o subspquent torgets presented in the
some visual hemifield. as evinced frow the fact that yeaction time (RT)
to targets ipsilateral to the cus ralative to fixation is longer than RT
to targets contralateral to the cue, This study has tested the
hypothesis that ipsilateral KT inhibition is associated with
contralateral RT facilitatien by attempting to divide the difference
between ipsilﬁteril and contralateral KTs into costs and benefits. A
neutral condition suited to this purpose should involve & cue that does
not require a lateral orientation. Such neutral condition was provided
by measuring RT to lateralized light targets fallowing @ centyal
overhead auditory cue {Exparinent 1) or a foveal visual cue (Experiment
2). In both experimsnts RT in the neutral condition was intermediate
petween ipsilateral and contralateral RTs, and the differences veached
gsignificance in the second experiment. penefits over the neutral
condition measured in the contralateral condition weve thus assoclated
with costs in the ipsilateral condition. These results suggest that a
reciprocal antagoniss between gpposite turning tendencies underlies ife
organization of covert orienting. They also agres with geneval
pulti-channel theories of selgctive attention according to which the
facilitation of given channels is an aobligatory accompanisent of the

inhibition of other competing charnels and viceversa.



The speed of a key-pressing response to a sisple extrafoveal light
target can  be strongly influenced by previous positional cues that
provide correct or incorrect information asbout the probable target
location (ses ®.g.Posner, Nissen & Ogden, 1978; Posner. 1980; Fosner,
Snyder & Davidson,1980). But even when the cue has no predictive value
regarding the target location. and thersfore it could safely be ignored
for the parforsence of the task, resction time (RT) to the target varies
systematically as a function of the ponitianl relation betwsen cus and
target. In the following tha cue will also be referred to 25 first
stisuius or Sl, and the target will slso be rné.rrod to as second
stipulus or 52.

In a typical sxperiment, both cue and target appear with equal and
unrelated probabilities in one of two mirvor-sysmetric locations., one in
the right visual field and the other in the left visual field. When the
stisulus onset asynchrony (S0R) between cue and target is relatively
brief - less than 50 s - RT to a target spatially coincident With the
cus is shorter than RT to a target opposite the cue, But when the
cur-target SOA lasts sore than 50 ms snd up to more than 1 s, KT to
targets in cusd locetions is considerably longer than RT to targets in
uncusd locations (Posner ond Cohen, 1984; Maylor, 1985; Haylor wnd
Hochey, 1905; Possamai. 1786) . These opposite effects are observed in
sbsence of ocular -nven-ntg end thersfore cannot be the result of overt
orienting reactions of the eves. FKather, they have besn interpreted in
terss of mechenisas that can shift attention scross the visual field
independant of eye movements. The sarly facilitation has beern attributed
to the susmoning of attention to the cued logation, whereas the
following inbibition tas been ascribed to some concosmitants  or
consequences of the initial covert attentional orientatior.

Wore specifically, sccording to FPosner and Cohen {1984y, Haylor
(1985) and Haylor and Hockey (1985) inhibition is brought abouar by an
sutomatic wechanism which by diverting attention away from o vecently

stimulated and/or sampled location favors the handling of mew input  and

.

thus ensures @ balanced rasctivity to potential stinulus sources
throughout the visual fizld. Posner and Cohen (1984} waintain that local
stimulation by the cue is sufficient per se to engender a tewporary
inhibition of reactions to targets in the cued location. independent of
orientiﬁg to thems while Haylor (1985) sees irhibition as the expression
of u biss sgsinst reorienting touwerd ® location whither attention haes
recently been called by local stimulation.

By using sors than two stimulus lpcations, our ownh studies have
showh that tha prolonged inhibitory influence of a non—inforeative cue
is by no means limited to RT for targets in cued location® (Tassinari.
Aglioti, Chelazzi, Marzi § Perlucchi, 1987; Berlucchi, Tassinari. Harzi
& Di Stefano, 1988}, When the cue follows the target by 200-1500 ms at a
widely different location but in the same visuol hemifield - whether
right or left, upper or lower ~ RT 43 longer than when the two stimuli
appesr On opposite sides pf the verticsl or horizontal meridian. Me
ragard the slowing of KT to targets ipsilatural to the cur as an affect
of & conflict between responss tendencies. A cue appearing. say. in the
right visual finld naturally evokes a tendency to move the eyes toward
it which sust be suppressed becauss the sxperiment requires that the
syss be kept steady. Such & suppression is liksly to bias temporarily
the whole motor  systes sgainst reacting to subsequent targets which
ghare the same general direction as the cue, i.e. ,in our exasple, to
torgets which sleo sppear in the right visual field: hence the 1increase
in RT to thl-. This interpretation receives support fros the observation
thot RT inhibition following an ipwilateral cus is considerably reduced
when the subject is allowed to arisnt the eyes toward the cue (Aglioti.
Cchelazzi. Biscaldi, Berlucchi, Tassinari. in preparation}.

Ore should note that the proposed conflict between the suppression
of an osular response ino one direction and the execution of a wmanual
response to 8 stimuius from the same direction is different from certain
forms of inkibitory bias which may arise simply from the withhwlding of

ahy overt respunse to the <cue. According to Harvey (19800, petraining



{row making an overt response to a cue way cavry over te and retard the
emigsion of a response to @ subsequent target, especially when the
target can be assigned to the sawe category as the cue, On a spatial
catsgorization basis. coincident or ipsilateral cues and torgets have
woré in cosmon than contralateral cues and tergets. and therefore KT
inhibition on coincident or ipsilateral cus-target combirations could ba
accounted for by a graater carry-over of a generic response inhibitian
batween categurically similar than dissimilar cues and targets. Howsver
this explanation canhot be uphald since KT irhibition is still
observable when the sane overt responss is wmade to both cue und  tacget
(Maylor and Hockey. 1985%) .

fecording to Posmer and Cohen (1984) and Maylor (1985) RT inhibition
at the recantly cued location should confer an sgual rélative advantage
to all uncued locations, Que findings point instead to a spread of
inhibition to other locations in the visual hemifield containing the
cus. and our dirsctionsl conflict hypotnesis suggests that such @
hewifield inhibition way entail sn actual fecilitetion of reactions fto
targets appearing in the opposite visual §fimld (Tassinari ot al. 1987;
perlucchi et al,. 19880, Indeed, on & reciprocal-antagonise pbasis @ set
against ewitting wotor responses to stimuli fros one direction im space
can reasonably be expected to expedite reactions to stimuli frow the
opposite direction.

A germrally acceptsd stotement about selective attention is that the
facilitation of the processing af fthe attended signals is always
accompanied by costs in the processing of other signals (Keela and
Neill: 1978}, In this paper we sxowine the question of whether an
inhibition of the processing of signals from o point n space 15
sksociated with a concomitant facilitation of the processing pf ®ignals
from other points in space. Hore specifically, wae have attenspted to
giscloss @ possible fecilitstory effect of a vicual cue an KT to
subsequent targets presented in the opposite visual hewifield. Akl

previous studies have concentrated on the effects of cues on KT to

targets coincidant with or ipsilateral to the cue, and have assassad
such effects by taking RT to targets appearing 1in the visual field
contralateral to the cue as the reference or baseline for CONMpariach.
The <choice of @ differant refarence is obvipusly nhecessary tor
svolusting the wffect of the cus on KT o contralateral targets. and the
following is an account of experisents directed to the solution of Such
@ probles.

It would be inappropriate to use RT to lstaralized visual targets
unpreceded by cuss for revealing @ contralateral  facilitatory
counterpart to the ipsilateral inhibitory effect. because it is Hnown
that KT is generally shorter when thers is only one signal than when two
or more may occur. The RT to targets praceded by culs at wvery long
cus-target S0As would also be an inappropriate reference for ass@ssing a
facilitation of RT to targets preceded by contralateval cuss at  short
cug/target 50A, bacauss cus-targat SOR iw per se & sajor deterwinant of
RT (sew =.g. Niemi and Haatunan. 1981} . Rather. the ters for comsparison
for demonstrating & contralatersl RT facilitation must be provided by
the KT to laterslized visual targets preceded by non-lateralized cuss of
cup-target S0As squal to thoss used to demonstrate ipsilateral KT
inhibition with lateralized cuss and targets.

In Experimant 1 of this paper wa have compared RT to egutrafoveal
visupl targets preceded by coincident, ipsilateral and contralateral
visual cues with KT - to the same visual targets preceded by &
non-positionsl euditery aue. The wifects of the various positienal
relations batwesn visual cues and visual targets wers thus assessed
wgainst s stendard provided by KT to visual targets following
positionally neutral cuss in a different modality. In EQ#ernuent 2 we
have examined the ralation between KT to extrafoveal targets co1ncident
with, or ipsilateral. er controlateral to the <ue and KT te the same
targets preceded by & contral visudl cug. 1.2, @ cud that belongs to the
camp wodality as the target put is neither coipcident with: ner

ipsilateval. mor contralateral to it. Qur working hypotheeis was that KT



inhibition from previous cues in one visual hesitield is systematicelly

accompanied by RT facilitation in the opposite hemifield.

Experisment 1

Generally, previous studies have contrasted cnﬁditinns in which the
cue covertly shifted attention toward the locotion of the fallowing
target with conditions in which the covert sttentional shift induced by
the cus was opposite in direction to torget lncation. In most of oup
preceding experisents (Tassinari et al.. 1987, Berlucchi et al.. 1988)
subjects had to press a  key whan seeing the sscond of two kmall light
fioshes. the cue or 51 and tha target or 52, separated by different
S0As. Both 51 and 52 could sppear at random in one of four positions
slong the horizontal seridian of the visuel field. two on the right ahd
two an the left of a fixation point, RT pf @ key-press was nebsured as @
function af whether 51 and S2 occurred at the sase position (5P
combinations). or st different positions in the same field, whether
right or left (SF cosbinetions), or in opposite fislds {OF
combinations).

In the prasent experiment we introduced an sdditional condition
whereby lateralized visual targets were preceded by curs which could be
attended to without having te shift attention in visual space. This
condition potentially provided a3 directionelly neutral term ot reference
for evaluating the effects of covert shifts of attention toward or away
fros tavget location independently from ohe another. The basic plan of
the experiment involved the wmeasuresent of KT on SP, SF and OF
combinations. ss well as of RT to visual targets presented in the tame
four positions but preceded by an auditory cue delivered above the
centar of the hesd, In keeping with our usual experimental paradigw.
there were trisls on which the cue, whether visual or auditory, had to
be given attention but did not require an overt vesponse. on  these

trials however there wmay be an  unwanted diffevence between

¢

auditory-visusl (AV) and visual-visual (VW) stimulations. insofar as

intramodal combinstions might conceivably be affected by the categorical
response bias desceribed by Harvey (1960) wore than  intersodal
combinations. Therefors we also ren trials on  which the same overt
response was to be sade to the cue, whether visual or auditory. as well
as to the target, so that for the purpose of the experiment the major
difference batwesn WU and AV stimulstions would hopefully reduce to the
presence of dirsctional information from the cue in the forser condition
ond its absence in the latter condition. On the basis of previous
studies on ipsilstersl RT inhibition (Tassinari et al,, 1987; Berlucchi
ot al.. 19880, four values of the cue-target S0A were chosen for both AV
and W stisulations, such that ipsilateral KT irhibition, and by
inference contralateral RT facilitation. could be expected at the first

three S0As but not at the fourth.

Nethod

Sub jects. Sub jects wers B right-handed madical studeants. 4 females ond
¢ nales, sged betwesn 20 and 22. who weére naive about the purpose of the
swperiment and all but two inexparienced with RT tasks. They received a
modest fee for participating to sixtmen test sessipns. each of which
lasted sbout ten mitutes. plus & preliminary proctice session  during
which thay familiarized theuselves with the stimuli as well as with the
responss instructions.

Apparatus and stimuli. Visual stimuli were delivered by four

light-emitting diodes (LEDs, TiL 222) with round tips .5 ¢m in diaseter
which were fostened to @ horizontal are perimeter 57 cm im radius. The
spacing batween any two neighboring LEDS was 20 cw. When ignited by a 13
af, 5 ws square pulse of current. sach LED produced a flash of light
with a lusinance of 70 cd/sq.m. The lusinance af the bachground, & white
screen supporting the arc perimeter., was .15 cd/sq.m.

Auditory stimsulation could be performed through both an earphone set



and @ miniatura loudspeaker positioned just asbove the subject’s vertex
at o constant distance - about 1 em - from the scalp. The earphones
served to deliver 2 warning signal consisting of 3 100 ws. 1000 Wz
tone-pip. The stimulus prasentad through the siniature loudspeaker - 2
50 ms, 3000 Hz tone-pip - constituted the auditory cus ov 1. Both
stisuli were asply audibl@ but well balow the threshold for acoustie
discomfort.

The response devices wers two button-keys for weasuring KT which
were mounted on brass cylindars rigidly positioned in front and balow
the perimeter. one on the right and the other on the left. Each key was
alectrically connected to its oun mlapctronic s counter, and each
counter could be stopped by pressing tha corresponding key with a force
pf at least &0 g.

Procedure. When by using 3 head- and chin-rest the subject finated the
aidpoint of the perimeter fron a distasnce of 97 cw. tuo LEDs were in hls
right field and two in his left field. At such b viewing distance the
visual angle batween the two LEDs in sach field was 20 degrees; that
between the fixation point and ®ach of the two rmarest LEDs was 10
degrees. Each trial began with the warning signal delivered through the
earphones. fallowed after an intarval Tranging rondomly in @ continuous
sanner from 2 to 3 s by an 51, which could be either the lighting of cne
LED or the tone-pip delivéred trough the overhead loudspeaker, followed
in turn. after a variable S0m, by en 52 which was invariably the
lighting of one of the four LEDs, The G0A between 51 and 52 could take
one of fpur values. i.e. .2, 4. t.50r 5% The warning signal told the
subject to look at the fixatian peint. &nd fikation had to be maintained
until the end of the ftriel. Eye position was monitored by an
experisenter through @ TV camera, The subject's forearms were placed on
rigid supports which allowed weach hand to grasp the corresponding
cylinder with the thusb resting on the button-key. A constant part of
the task comsisted of pressing either the right key with the vight

thusb. or the left key with the left thusb., as fast as possible after

seeing 52. An sdditional part of the task involved pressing the ather
key with the other thusb, or altsrnatively. refraining from pressing it.
upon hearing or seeing 51,

Each subject was run on sixtesn test sessions distributed over four
days: four sessions & day. In sight sessians both 51 and 52 were visual
stimuli (VU saquences). In the othar sight sessions the visual 52 was
preceded by an suditory S1 (AV sequences}, In four W and four RV
sessions the instruction was to raspord to both S1 and 52, using the
right hand for 51 and the left hand for 52 in tuo sessions and the
reverss hand arrangasent in the other two sessions. In the Tewaining
sight sEssions subjpcts wers justructed to attend to Sl but to press
only in response to 52, using the right hand in two W and two AV
sessinns: end the left hand in the four matching se6sions. Each session
consistad of &k trisls, and the interval between the end of a trial and
the begitning of tha naxt trial was about 1 s. In the W sessions bath
6l and S2 appesrad 16 tines in weach of the four positions ih @
cowplately randos fashion. and the &4 trials axhausted all possible
combinations betwean the pasitions of 61 and 52 (SP, SF and OF
combinations) and the four S0As. In both W and AV sessions 52 appeaved
14 tiues at esch of the four positions in a completaly random fashion,
and for esch pasition af 52 there vers four repetitions of each of the
four SOA valugsr the S0A sequence also being completaly randos. The
order of the wsintesn sessions uas counterbalancad Wcross subjécts
sccording to a Latin square design,

The delivery of the warning signal and the stisuli. the control of
the timing betwedn tha stimuli and the measurement of RTs were gffacted
with an all-purpose computer jocated in @ roos adjacent to the tast
roow. The cosputer also rajectad KT8 which were shortar than 150 ms  oF
longer than 500 we . a% wall as RTs which wers made with the wrong hand,
and replaced the corresponding trials later in the sequence. Furthev.
prier to sach session the cosputer displayed on the screen the specific

rasponse instructions which the subject had to read befove entering the



test room.

Results

In tha following account we will ignore errors, anticipations and
retardstions becsuse of their very low nusber and randos distribution
scross different conditions. The dependent variable of primary interest
wes RT to 2. henceforth referred to as R1Z. In each subject mean kT2
for wach hand was computed mcross sessions for each location of 52,
separately for tha four SOAs  and the four stisylus-response
conditions,The latter corresponded to VW sequences Fequiring i TFesponse
to 52 onlys AV sequences requiring & response to 2 only, W sequences
requiring a response to both 51 and 52, AV sequences requiring @
response to both S1 and S2.

In W sequences. for sach location of 52, RT2s of each hand were
separated into four groups according to whether S1 had gecurred at  the
sams position (SP), at the other position in the same field (SF), or iR
the opposite fisld (OF) at s syswstric or non-syssetric position
relative to 52, In AV sequences. mean RT2 for each hand af each subject
wbs computed at each S0R  for sach of the four locations of S2. 5Since
there wers no systematic differences between the right and left hands in
both W and AV  sequances. correspohding mseans for the two hands were
pooled,

.Consistent with a well established notian {see e.g.Haimes &
Gilliland, 1973), on a preliminary inspection RT2 was found to increase
with the eccentricity of 52 in both W and AV sequences. but otherwise
the pattarn of results was the samwe st each position of 52, whethes
medial or lateral. or right or left. The effect of the absolute positinn
of 52 will therefore be ignored. and the description will be centered on
five basic sets of data, resulting from the grouping at each 50f of mean
KT2% across 52 positions and across hands of each subject as a  function

af 51/52 combinations, Four sets of KkTs were obtained from OF, S,

syssetric and non-symsetric OF combinations in VW sequences. wheveas the
fifth set of data was obtained from the AV combination. Statistical
anelyses were carried out on these grouped data. Further separate
aralyses were perforsed on RTs to S1 (RT1), after calculating for each
subject the wesns scross hands of RT1  at each &K0R, separateiy for
suditory and visusl Sis, and pooling RTs across stimulus positions iw
tha case of visusl Sis.

VW and AY sequences without an pvert respanse to 51, Figure 1| shows K12

as & function of type of 51-52 combination and SOA. Considering W

Figure 1 sbout here

sequances, it can be seen that at the three first S0As RTZ was longest
an SF cospbinations. intersediste on SF combinations, and shortest on  OF
combinations. (Sysmetric ond ron-syssetric OF combinations are collapsed
in Fig.1 becouse they did mnot differ from one another). Rt the fouirth
50A there was no clear difference betwsen the three W groups of RT2s,
By contrast, RT2 of AV combinations was warkedly shorter than RT2 af W
combinations at all SOAs. In all combinations there was a trend for KI2
to decresse as a function of increesing S0A: but while on OF and &Y
combinations RT2 decreased only fromw the first to the second S0A  and
then resained stmble, on 5P and 5F combinations the shortening of Ki2
with 504 vas wore gradual, such that on these cosbinations K12 was still
¢learly longer at the third than the fourth SOA.

An analysis of veriance using 51/52 cosbination sand SOA as main
factors and subjects s @& random factor revealed highly significant
effects from both factors os well o from their interaction (51,52
combinetion: p{ .001; S0A: p!{.005; interaction: p(.001). The weans
across S0As were: 348,1 us for SP combinations, 327.2 ws for SF
combinations, 311.3 ws for symmetric OF cosbinations, 311.4 wms for
non-symmetric OF cosbinations., and 280.1 ws for AV combinations, All

differences between 51752 combinations, eucept that between symmetric



and mon  symsetric oF couBinations. ware significant (see nean

diffevencas in Table D).

Overall mean KT was 334 ms at the First S0R, 313.9 me at the second.
315.3 ws at the third, and 299.4 ws at the fourth. Each of the fivst
three 504 levels differed significantly from the fourth {p¢.005 in all
cases) . while the difference betusen the first and second S0 levels
approached but did not reach significance (p=.06).

TJable 1 presents & break-down of tha data pccounting for the
significance of the interactien between the 51752 combination and the
SOR. The main points of interest in this snalysis are fhe presence ot
significant diffsrences batween SP. SF and OF combinations at the three
firet SORs (with the wingle exception aof the insignificant SF-OF
difference at the first S0A, which however is in the right direction) .
but mot at the fourth S0A. The SF-OF differences comstitute the
ipsilateral inhibitory effect.The differences betuween YU combinations
and the AV combination were significent at all S0As.

VU and AV sequences with_a response to_S1. hs shown 1n f19.2, the

findings from W coabinetions largely replicated thase obtained in

absence of a response to S1. but on AV combinations RT2 fell now within
the range of RT2s of W combinations, being intermediate. at the first
three 50As, between RI2 0f SF combinatians and that of OF cosbinations.
An analysis of variance corresponding to that applied to the previous
set of data showed significant effects for the 51/52 combination
(p<.001}, SOA (pi,001) and their interaction (p(, 001). The meal  across
Sofs of RT2 on SP cosbinations (318 ws) was significantly Lewger thau

KT2 aof SF cosbinations (294.3 ws); RI2 of 4F cosbinations (294.3) was in

turn significantly longer than RT2 of OF combinations (200 ws). RY2Z of
the AV combination (294.3 ws) was slightly shorter than RT2 of SF
cosbinations (294.3 es) and longar than RT2 of OF combinations (260 ws).
but bath differences were completely insignificant, The wvalues of the
above differances and their statisticel significances are given in Table
2.

Overall mean RT2 vas 359.4 ms ot the first S0R, 284.1 us 3t the
second, 273.1 ws at the third, 271 ws at the fourth. The differences
between RT at the first SOA and RTs at the other threa SOAs. us well as
the di{fference betwaan the second and third S0As. were all significant
(p(.D5 or less in all cases); that between the second and fourth SORs
Just approached significanca (p=.07). The gensral trend was similar to
that seen when the responsg to 51 was withheld, but tha drop from the
first to the second S0R obtained when both 51 and 52 wers responded too
(75.3 »8) was such sore proncunced than that obtained when only 52 uas
resporded to  (20.1 ws). the difference betusen the two drops being
significant at the p(.001 leval.

Table 2 shows the differences betwsen tha various 51/52 cosbinations

Table 2 about here

at the different S0Ag, The dats are generally similar to  the
corresponding data shown in Tebla §. except for the important general
lack of significant differsnces betwesn AV cosbinations and W
cosbinations, Only at the two first SOAm was the RT2 of SF combinations
significantly longer than that of the AV combination. At all SOAs RT2 of
the AV combination was mqual to or minimally shorter than that of SF
cosbinations end longer then that of OF cosbinations, but oll these
diffarences were insignificant,

Figure 2 also shows RT to §1, i.e.RTl, averaged across hands and  Si
positions, as a function of S0R in both VY and W sequences, With AY

sequences RT1 was produced in reaction to an auditory 51 while with w



sequences it was produced in reaction to e visual 5l The well known
adventage for suditory over visual RT was confirued by @ such sharter
RT1 on AY than W sequences. The relation to 504 was similar for bath
sets of RTLls, the RT1 at the first SOA being significantly shorter than
st the other three SOAs, Since RT1 was on the overage longer than the
shortest SOA. this was most probably due to a facilitatory efiect of 52

on the ongoing response to Si,
Discussion

The results from VW stisulations requiring an overt response only to
52 fully agres with the recent work on the effact of prior stimulation
on simple RT to localized visual stimuli as cited in the Introduction.
The dissdvantoge for RT to cued relative to uncued locetions (Fosner and
Cohen, 1984; Maylor, 1985; Meylor and Hockey. 1985; FPossamai, 1986,
Tassinari et al., 1987; Berlucchi et ol,. 1988) was confirmed with SOAs
renging from .2 to 1.5 s and beyond, The less pronounced and perhaps
shorter but highly significant disadventage for the cued versus uncued
hemifield - the ipsilatersl inhibitory sffect described in our previous
articles (Tassinari ot al.. 1987; Berlucchi ot al., 1900} - was also
veplicated. Confirming Maylor and Hockey (19848), an essentinlly similar
pattern of results was obteined with VW stimulations rlquiring the &ame
response to both &1 and $2, consistent with the argueent that visupmntor
RT jthibition from cues coincident with or ipsiloteral to the target
cannot be’ sccounted for by the specific response bias demonstrated im
different experimental contexts by Harvey (1980),

A specific response bias of the kind described by Harvey (19600) wust
however have been responsible for the wuch longer KT on W than AV
stimulations without an overt response to 51, This difference precludes
the use of RT to visual targets preceded by auditory cues as a term of
reference for assessing the possible nccurrence of facilitation on W

stimulations with contralateral cues and targets. In  keeping with the

hypothesis of a specific response bias: when the same FESpONSE was made
to the cus as wall as to the target. RT on W sequences was fastev than
when 1o response was sade to the cus. On the contrary, making a response
to on suditory cue did not speed up reuponses to visual targets compared
to AV sequences without a response to the cum {(compare Figs.1l and 2).
Since RTs on AV sequences ord YV sequences were thus cowparable, it was
possible to test for the occurrence of facilitation on OF combinations
by contrasting the latter cosbinations with AY  combinations.
Facilitation would be desowstrated by s shortsr RT on OF than AV
combirations.

The results indicate that OF combinstions had indeed K125  shorter
than MY combinations., wheress RT2 of AV cosbinations was in  turn
slightly shorter than K12 of SF cowbinations, end much shorter than KI2
of SP combinations. Although suggestive of the occurrence of
facilitation on OF comPinations, this evidence is hardly decisive
because wmost of the orucial  differences  wers stutistically
insigrnificant, Since the main qQuestion addressed by the euperiment,
connot ba settled by thewxe findings. it was taken up {n Expeviment 2,

which by using non-dirsctional visual cues was intendad to awllow wmore

clear-cut conclusions,

Experiment 2

Tha partiol failure of Expariment 1 to provide au adequate term of
comparison for the dempratration of  concurrent facilitatory and
inhibitory sffects in visugmotor RT following double stimulation wmay
depend on & voriety of factors which differentiste the set for
responding to two stimuli in one sodelity from that for responding to
two stimuli in different modalities. In the present experiment we have
limited ourselves to on intramodo)l, exclusively wvisual. double
stimulation paradige and have employed an experimental design praoviding

for five positions of a visual stimulus, four extrafoveal or peripheral



{E} ond one foveal or cantral (€). In wddition to the Sk, SF and OF
combinations of extrafovesl 615 and G2s described in the orevious
gxperiment, we thus had further G1/52 combinations. 2% at extrafoveal
ptsitions could be praceded by Sis  at the fovea (CE combinatioms), and
625 at tha fovea could be praceded by S1s at extrafoveal positions {EC
combinations), Further, SP cosbinations could includs central-central
ey and axtrafoveal-extrafoveal (EE} combinations, We could thus look
for differsnces batuean those corditions in which 51 was likely to
demand @ covert shift of attention in visual space and those in which it
was not. As in Experiment 1. the first three values of the cua-target
S0R wers appropriate for seming ipsilateral KT inhibition and possibly
cantralateral RT facilgtatinn. while neither inhibition nor facilitation
was expected to occur at the fourth SOR because of the phasic nature of

the ovienting reaction.
Nethod

Subjects, Thess ware @ right-handed salss ranging in age from 21 to 47.
They included five qraduate or undergraduata students, who were unawave
nf the purpose of the exparingnt, and three of the suthors, Al were
experienced with RY tasks,

Apparatus and _stimuli. Visual stimuli wers delivered by five LEDS

identical with those uwsed in Experisent 1 and attached to the same
harizontal arc periseter. One LED was positioned et the midpornt of the
prrisgter with two LEDs on each side. The distance betwean the central
LED and the two nearest LEDs on both sides was 10 cm; that between the
two LEDs on soch side was 20 cw. The LEDs could be lighted individually
as described in Experiment 1.

Auditory stisuli could be delivered through sn savphons  sat and
cansisted of 100 ws o 100D Hz tone-pips. Their intensity was comiortable
but well ~hove thieshald.

The button-keys used for measuring KT and their supports weve the

same a8 in Experiment 1,
Frocedure. The subject sat in 2 sound-proof room with the head supported
by @ head- and chin-rest at a distanca of 57 cm from the sidpoint of the
perimgtsr. He fixatad the central LED and therefore had two LEDs in his
right visuel field and two in his 1eét field., Each trial consisted of a
warning auditory signal, i.e. the tons-pip delivered through the
earphones, followed after an interval ranging randomly in @ continuous
wanner from 2 ta 3 s by 51, i.e. the lighting of one LED, followed in
turn by §2 which was agsin the Jighting of one of the five LEDs. The S04
between 51 and 52 could toka one of four values. i.m, .2, .6s 1.50¢ S
s. Upon hearing the warning signal the subject had to finate the central
LED and to remain fixeted until the end of tha trial. Eye position was
sonitored by on  experisenter through a TV camera. Regsrdless of the
position of 51 and 82, the subject had to detect 51 but refrain from
making any overt response fo it. and to press 3 key in rasponsa to 2.
Each subject completwd eight experimental seEsions which wer# run oh
seporate days. fach setsion comprised 100 trials which exhausted all
possible cowbinations between the positions of 51 and 52 and the four
SO0RE. In each seesion both 51 and 52 appeorad 20 tiwes at each of the
fiva positions, the positions of 51 and 62 being changed from trial  to
trial according to two completely independent randos SEQuEnces  that
varied from session to session. The repetitions of the four S0Hs were
also randomly interaixed. Op each trial it vas thus impossible for  the
subject to predict with certainty the position of either 51 of 52 and
tre duration of the %0A. On four sessionsé reasponses to 52 were wade with
the right hand, while on the other four sessions they weve made with the
left hand. In such wubject the reponding hand was alternated  {rpw
session to sessions and the hand order was counterpalonced across
subjects, Trials on which the subject pressed the key in response to 5l
or responded jess than 150 ss o wore than 990 ms after 52 were abqrted
and replaced later in the sequence.

Tha delivery of the warning signal and the stimula, the contiol and



sequencing of the positions of 51 and 52 and the H0fs. the wmeasurenent
and recording of RTs, and the rejection of unacceptable RTs were all

computer-cantralled.

Results

Errors of anticipation or retardation wers too few to warrant
analysis, but their distribution scross different stisulus combinations
suggested a completely rendom pattern. In eoch subject sedian K1 was
computed scross sessions. sepavately for each hand. for each position of
§2 itarget) as a function of the position of 51 (cue)} and {re 50R. Since
there was mno systematic difference betwesn KTs for the twe hands.

statistical analyses were performed on means across hands of median kls.

Figure 3 shows the means across subjects of these besic deta. A
similar or identical pattern is manifest at the four eutvafoveal
stimulus positions. At the three first SO0As (.2. .4, and 1.5 s) RT was
longest on SP cosbinations. in which G1 and S2 pecurred atl the same
position, and shortest on OF combinations, in which 51 and %2 occurred
on opposite sides of fixation. with no obvious difference between
wirror- and non-mirror syssetric positions of 51 and 52. Intermediate
betwesn RTs for SP and OF combinations were RTs for 5F combinations., in
which 51 and %2 occurred at different positions on the same side of
fixation, ard CE combinations, in which G2s at eutrafovesl positions
followed central Sis. However. KTs for SF combinations were consistently
longer than RYs for CE combinations. Regerding responses to centrsl S2s,
at the three first SO0As RT was longer on CC  combinations., in which 51
also occurred at the central position: than on EC combinations, 1h which
S1 oceurred at extrafoveal positions, All the above differences tended

to diminish with increasing SOR and to  disappear at the lpngest SR8 (5

s). Also appersnt fros Fig.J are edditional effects of lesser importance
to the study., such ss the well-known increase in RT associated wilh the
nccentricity of S2 and decrease in RT with the lengthening of SOA,

A% shown by Fig.3 and confirmed by statistical analysis, the pattern
of results was the same for wsach extrafoveal position of %2, whether
right or left. sedial or lateral. Therefore RTs for SP, 5SF, OF and CE
combinations vere pooled cross the four extrefoveal positions at each
S0A and submitted to an anolysis of variance for a rvepeoted-weasuces
design using positional relation between S1 and 52 and S0A as maln
factors, and subjects as a random factor. The two possible OF
cosbinations - wmirror-symsetric end rnon-sirror-sysmetric - were
considered &% one combination since in no case did they differ

appreciably from one another {(see Fig.4).

Tre effects of both factors snd thelr interaction weres highly
sigrificant {p(.001 in mach case), RT for SF combinations (2B7 ms) was
sigrificantly longer than %7 for SF combinations (2464 ms); in twrn. RY
for SF combinations (264 wd) was significantly longer than RY for (E
combinations (259 ws); and RT for CE cowbinations (259 ws) was
significantly longer than RT for OF combinations (252 ws). Overall K1
decreased fros 277 ws at the first S0A through 261 ms and 262 ws, at
raspectively the second and third S0R., to 252 ms at the last S0A, the
first SOA differing significantly from all the others at at ipast the
p(.003 level. The interaction petwsen 51/52 pasitional relation and SOA
owed its significance to the fact that the differences between different
combinations decressed with increasing SOA, These differsnces and  their

statistical significences are given in Table 3. They were significant or




approachad siguificance ot the three first SO0As but mot at tha last,
with the exception of the SP-OF and SP-CE  differences which were
significont alse et the fourth S0A,

A possible link between the effect of the positional relation
between &1 and 52 and the physical separation betwegan the fwp stimuli
wos considered and rejected on the basis of a separate edamination of
the KTs to 52 in the sedial and lateral positions pooled acvoss right

and left fields. Table & shows that the descending order SP-SF-CE-OF was

Table & about here

seen with 52% in both positions. Whan 52 eccurred in the lateral
positions. the descending RT order corresponded to an increasing spatial
seporation between S1 and 52: o separation on SP combinations, 20
degrees ot SF cosbinations, 30 degrews on CE cosbinations, &0 and &4
degrees on OF combinations. This may suggest that the closer the two
stimuli, the longer the KT. When however 52 occurred at the wedial
positions, RT faor CE and wuch of the OF combinations was still shevier
than RT for SF combinations, even though on the latter cowbinations the
distance betwesn S1 and 52 (20 deQraes) was double that on CE
cosbinations (10 degrees) and fqual to that on wirror-symsetric OF
cowbinations. This strongly indicates that it was the positional
relation between 51 and 52, rather then their physical separation which
produced thé observed RT pattern.

A second analysis of variance was carried out on ks to 92s at the
cantral position, Positional relation betwesn g1 and 52 and S0R were
agein the moin factors. both factors and their intevaction yielding
significant wffects (positional relation: pe.0UL; S0A: pd.0%; positional
relation/SOA: p{.DOL). KT to a central 52 preceded by a central 51 e
combination: 256.4 ws) was sigraficantly longer thai KT to & central G2
preceded by an extrafoveal 51 {EC cosbinations: 232 ws) . rveqgurdless o

whether S1 occurred on the right or left wedial or lateral position. K1

decrmased fros 248 s et the first SOA through 233 and 237 ms ot
respectively the second and third 50 to 228 ms at the fourth S0A. Only
the differences between the first and and second S0As. and the fivst and
fourth SOAs reachwd significance (p=,05 and (.000L, vespectively).

The significance of the interaction between 51/52 positional
relation wnd S0R derived from the progressive decrease of the advantage
for EC combinations over tha CC comsbination with 60, see Table 5.

However this advantage was still significant at the longest S0A.

Table 5 about here

Discussion

Tra adoption of a weutral condition involving a central visual cue
followed by mxtrufovesl targets afforded reasonable evidence for the
occurrence of bensfits - the contralateral facilitatory ef fect -
alongside of the costs associsted with the ipsileteral inhibitory
effect. Compared tao RT2Z with central cues and extrafaveal torgets, RT2
with ipsilateral estrafoveal cues and targets wue longer. indicating
inhibition. wharsas RTZ with extrafoveal contralateral cues und targets
wos shorter. implying facilitation. In a previous paper (Bevlucchi et
2l., 1988) wa have described the ipsilateval effect as an inhabition
ireediating in ull directions from the cued location and arriving at the
sain seridians 0f the visusl field without trespassing thew. This
description can now be complesented by the qualification that at leust
jor the vertical meridian KT ishibition on one side of the weridian i%
accompanied by facilitation on the other side.

We have interpreted the ipsilateral inhibitory effect as the cost of
2 unidirsctional shift of attention associated with an  active
sup&réssiﬁn of the natural tendency to move the eyes along the same
direction. The active suppression of the eye povewent normally linked

with the shift of attention is thought to cause # somentary interference



with the wmotor predisposition to react to stimuli from the same

direction {Tassinari et al,. 1987; Berlucchi et al.. 3988}, The present
O .

finding of @a .Luntraiateral facilitatory effect intimates that a

directional sttentional shift unaccompsnied by & matching eye NOvVenEnt

slso entails » temporary benefit for motor reactions to stisull which

come from the opposite dirsction.

ficcording to this view, the ipsilateral irhibitory effect and the
contralateral facilitatory effect should thus be joint eupressions of a
change in the state of balence betwesn opposing wotor predispositions,
ore for attending and responding to stimuli from the right ond the other
for atternding and responding to stisuli from the left. A decreased
predisposition to respond to stisuli from the right should enhance
responsiveness to stimuli  from  the left and wviceversa. Similar
variations in the equilibrium of wmutually antogonistic intluences in
lataral arientation and reactivity heve besn postulated by Kinsbourne
{1974) and attribuyted to shifts in relative functional dominunce between
the right and left cerebral hemispheres. However. there is comparable
evidence for a corrssponding antagonistic organization of attentional
and motor pradispositions in relation to tha vertical dimensiom such
that a bias towsrd or agsinst responding to stimuli in the upper visual
field respectively hinders or facilitates responses to stimuli in the
lower visual fisld, snd the reverse. Such pattern of reactivity cannot
be accounted for by changes in hemtspheric dominance (Tassinari et al.,
1987; Rizzolatti et al., 1987, Barlucchi et al.. 1988 .

It should b stressed at this point that at first sight some results
additionally obtained in this work are emsbarassing for the hypothesis of
KT inhibition end facilitation s indicators of o conflict between an
attentional shift and & suppression of the ocular reaction naturally
sssociated with it. In confirmation of Fossawai (1984) we found fhat
there was a lengthening of RT to targets spatially ceincident with the
cue even when the locus of stisulation was foveal. In these conditions

there was no need to suppress a foveating ocular reaction to the cue,

and therefore a motor conflict can hardly be invoked to account for  the

RT lengthening. One should consider howewe- “hat the lengthening  Has
assessed by refevence to RT to foveal targets preceded by entrafoveal
cues, and it cannot be  excluded that it was these reactions thol were
facilitoted relative to those ¢to foveal cues and turgels. The
suppression of an ocular orienting reaction to @ peripheral target might
perhaps help fixation, thereby wsrnhancing attention to the fuvea and
facilitating resposes to targets presented to it. Another possibility is
that reasctions to coincident cuss end targets at the fovea suffer  from
local adeptation at the reting., These poassibilities require additiunul
gxperimental tests which are being dealt with welsewhere (Taueinari,

Biscaldi, Di Stefamo, Berlucchi, Lm preparation}.

General Discussion

fha results baar on the wain theoretical issue of the relatienships
batween attention and the integrative uwechonises for dealing with
successive signals that are separated by short intervals. Broadly
speoking, & signal may affect the processing of awother closely
following signal in three main ways. Firet, the prior signal may have a
generelized and unspecific influence on the overall reactivity to ahy
snsuing signal. for swample by medulating the current state of arousal
or alertness. Second. the first signal way provide correct or incarvect
infutnation about one or wora of the properties of the subsequent
wigral, such as for example place and time of occurrence. theveby
selectively predisposing the subject toward the emission of specific
responses to  the eupense of other competing responses. lhicd. bath
signals may engage a common decision mwechanism with limited capacity.
with 2 resulting interference petween the processing of the first s1gnal
and that of the second at one or more stages of the veaction process,
from stimulus reception to response executicn. These thvee forms of

interaction in the processing of consecutive signals possibly coevespand

>3



to the wmain cuﬂponentl of attention delineated by Pesner and  Boles
(1971} : alertness, selectivity (i, e.specific eipectancy) and processing
capocity. It seems clear that in most cogrative proceubes sut
attentional components are bound to co-exist in varylng degvees ol
respective importance and reciprocal intevdependence (Posther und  Baleo,
1971).

In double-stimulation axperiments the alertness factor is uswully
aquated bcrross conditions by providing an additional warning signal
which in all coses prowpte the subject to attend to the sequence of the
cue signal and the target signal. Experiments ot this kind in which the
first signal is devised Yo supply valid or invalad informution about the
second sighal have esphasized 0 sultipla channel wsodel whereby selective
attention is seen os a diffavential distribution of processing FEsGUTcEE
anong various input-output channels. A & result of the instructions
conveyed by the first signal, Processing of the second signal 1%
supposed to be facilitated along those channels to whickh attention has
been directed. and irhibited alang ether channel® which under the Sake
conditions are actively disattendad lsew e.g.Keelw & Neill. 1978, Fusnes
et al.. 1978). By comparison with & aeutral condition in which @
non-inforwative first signal présumably ensurss 3 HOWOQEN&OUS davision
of attention among all input-output channels for the second signal- 8
condition not easy to obtain in practice (see Jorides & Mack, 198+ -
the changes in processing along specifically attended ohd disattended
:hnqnoli can be snalyzed gusntitatively a% penefits and costs (Fosnec.
1980; Fosner et al.. 1978, 1980) .

Here e have been concerned with the facilitatory avd inhibitovy
effects of first signals which in  fact and by design provided no
specific information. gither valid or iuvalid. abot subsequent sigmals.
Within the tradition of the so-cslled psycholpgreal vefractory periad,

the results from many double-stiwulation paradigws with nok-aniprmative
first stimuyli have been comwonly intecpreted by veference Lo a Tiwited

central processing capacity, usually described as @ single -chinhel

decision mechanism (see Welford, 19806)., A cosmon elewent of these
interpretations has been the'attenpt to establish the existence of a
fixed awount of tiee necessery for the first signal. whatever its
physical natuve and propecties., to clear the decision mechaniss thus
freeing it for the elaboration of the second signal. However. subsequent
work has shown that even whan totally irrelevant for the task, the
specific content of the first signal is as a3 rule autosatically encoded
s0 that it cen affect the processing of the subsequint signal in various
woys (see w.g.Neill, 1977; Harvey. 1980; Tipper & Cranston, 1905). KT tu
the second signal may be short or long depending on the degrer of
compatibility between tha processing of such signal and that of the
following signal, and one can therefore submit that aven inkewtionally
non-informative cuss are to sows extent liable te produce selective
facilitation and inhibition effects, akin in kind if Rot  in degree to
those following deliberately informative and misinformative cues.
Facilitstion and inhibition frow informative cuws are thought ta be
parallel processes because the enhancement of the transeission of
inforsstion #long specific imput-output channels is bound to ke
accospenied by an active suppression of cospeting channels (Poster ef
al., 1978, 198D; Keely & HNmill, 1978). The questicn raised here is
whether a similar dusl mechaniss can b# proposed for non-inforsstive
lateralized visual coues which appear to selectively affect the
processing of subsequant lotevalized visual ftargets depending an  the
?ul-target positional relation. Granted that RT to a target coincident
Wwith or ipsilateval to a cue is inhibited (Posner & Cohen, 1984, Haylor,
1965; Maylor & Hockey, 1985; Fossemai, 1984; Taseinari et al.. 1967,
Berlucchi et al.., 1988). we asked if RT to a target opposite thw cue s
concurrently facilitated, The ansuer to this question obvitusly yvequires
a standard condition with attention equally distvibuted wwong all
possible input-output chanmels. against which the putative facilitatery
and inkibitory effects may be gauged,

We have tried to secure such @ condition by using non-lateralized

25



auditory {Experiment 1) and visual {Experiment 2) cues, By refevence to

these supposedly neutral conditions, the occurrence of facilitation of

contralatersl cus-target channels in parallel with inhibition  of

ipsilateral cue-target charmels is suggested by 2 cost-benefit awalysis

of the results of Experiment 1, and downright supported by a similac

analysis of the results of Exparinent 2, It is conceivable that the
diffecence betwesn the results of the tuo experiments is entirely due to
the diffecence betusen the carrasponding neutral conditions., the
soss-sodality nautral condition of Euperiwent 2 being probably wore
suited to the purposes of the analysis than the different-sodality
neutral condition of Experiment 1, The possibility to ascevtain the
operation of a dual attentional mechanism. with facilitation of some
channels and irhibition of other channels, in double-stimulation
poradiges with non-informative but biasing cues will ultimately depend
on the availability of appropriate non~-informative and non-biasing  Qucs
(Jonides § MNock, 1984). For the moment, it seems safe to conclude thol
by comparison with central non-informative visual cues. loteralized
non-inforsative visusl cuss inhibit KT to ipsilateral visual targets and
fecilitate RT to contralateral visual targets.

The sbove pattern of results is not consistent with the assusption
implicit in the arguments of Foswer and Cohen (1984), Naylor (1%05)  and
Woylor and Hockey (1986) that reduced resctivity to a  vecently
stimulated visual field location sust go along with a relative
!nhancnnnﬁt of responsiveness fo all other visual field jocations. While
the focal limitation of irhibition to the locus of stimulation has
already baen ruled out by our finding of an extension of the inhibitory
eifect to & whole hemifield (Tassinari &t al.. 1987, ferlucchy et al..
1988), the present results point to & concomitant fasilitation affecting
the opposite hemifield. This hewifield separation between  facibibation
pnd inhibition from not-infermative cues  bears an b beasl jartaal
resenblance with the spatial distritotion of the costs and LenedfLt

resulting from the deliberately cued allocation of  attentiee te un

T

extrafoveal locatic "Ug w8 & Zimba, 1985, 1 A5G har
traf 1 ion Hugt 9 987 T wrl et al .,

1987; Rizzolattj
et al., 1987), e believe that the attentional

:::han:ses underlying ali these rhenomena are better explalied by the
. eréct:fn of response terndercies aroused by cues and tairgets
t:sllfarl et al., 1987} than by the hypothesis of an arient;ble
attentionnl spotlight srhancing the intake of inforsation from lpesti
within its circumscribed field of actign (Fosner, 1900) C:t:’lohs
visual spatial sttention must involve the selection of stlhu;l f | al:fy
run 1
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Experiment 1 - Differences betwaen kTs to 52 after @ vesporse to 51 ior

diffsrant cus-target cosmbinations at each SOA. In brackets: nuwber ot

sub jmcts (out of B) showing the difference.

S0A (s@conds)

I ki

cmmmm e b (T |

It Difference 1n milliseconas H

H

................. TSRO |

SF RY minus SF RY (1 34.Bx% | 36.2ex | 12,08 H [ ] O S T

3] {2 i {8} ] N ] (4) ] L) ti

OF RT winwus AV RT 11 5.2 | -1.4 i ) i 3.7 [T | e

il 3) i 3} | 13) 1 (&} H L) I

WY KT minus OF RTNI) 3 I 191 t 5.4 ] .3 14 o. 4 1

5P KT minus AV RT &1 43.48% § 34,60k Po12.4 H 3.9 LA W L P

W (g} H i8) | {6}y ' (4} i A1) H

SF RT minus OF RTHI! 43.9xx LoSh.9sk | 1y.04k ¢ 6.2 H
B (a) H (Bk H (B) H {4} HH 1

P s sang poasition; SF = same field, OF = opposite  jiead;  Av
sudin-vicyal sequences; SOA = stimulus enset asynchirony

* sigmficantly difigrent feom 0 at PGS fone-cample t-Lest)

[T annlficantlk difierent from 0 at kb (one-sample £ Lest)

® wean of the two OF combinations

Experiment 1 - Differences betwsen RYs to S2 in sbsence of & response to
51 for differant cus-target combinations at sach S0R., In brackets:

nusbar of subjects {aut of B) showing the diffarence.

50A (sscoands}

11 2 [T ] 1 1.5 I 5.0 il Hean 11

1 Difference in milliseconds it

SP RT winus SF RT |1 31,.5e# 1 33.7# | 22.06 | =3.3 i1 20.9ss |
"N S ¥ J TR | By | [k} (ST ) BN

SF RT minys AV RT 11 4&4.8w% | 31, 0wx | 58, 3es | 34, 1nw (| 47.0u0 }}
1 (8) o m L @ i [EcH ]

AV RT minus OF RTHII -34.9% | =2B.9% | -32.6%8 | ~26.6%% [| ~31.2s8 ||
1] ($3] I {2 | {+H] 1 [{1)] it (U] 1

SP RT winus AV RT 11 26.2%w | Q4.Bux | BO.1ux | 30.8¢4 11 60.080 1§
Il (8) | 2 1 {8} 1 [¥2) I L{*H %]

i
o

SF RT minus OF RTNIE 9.9 | 22.28s | 23, 5w 15,88 1}

3 S - Y TN { ) TN N 2 A NN 1 S £ A P I Y |

SP RY winus OF RTHI|L 4).4ww | 38,.9n# | 47.308 } 2.3 Iy 34,788 )
11 ({:3] H 8 | (8} | (&) 1i {3} il

SP = game position; SF = same fleld; OF = opposite lield, av =
audio-visual sequences; S0R = stimsulus onset asynchrony

b gignificantly different from O at p(.05 (one-sample t-tesi)

e gagnificantly different from 0 at p(.01 (one-sample v-test)

# nean of the two OF combinations



Table 3

E:periment 2 - Differences between RTs to 92 for different cue-tavget
combinations at each S0A, In brackets: numsber of subjects out ot 0}

showing the difference.

50A (seconds)

SF KT minus SF RT (Y 38,568 1 23 .5em | 1698 5.9 H S R P B

] 121} H ) | {7 H [%7] i [Ty i
SF RT minus CE RT {| #.0 1 10.3 t 4.5 H 4,7 i YT IR
il (&) 1 (&) | {5) { (Y] HH [E:h) i
CE KT winus OF RTWI! 2.4 ] é.7 1 10.4% | 1.5 I EY-LY

1 8) 1 16} H a) | t9) i HY) HY

SF KT winus €€ RT 11 47.5%% [ 35,804 | 24.4% & 1L A% b 20, uas §i

i (8) ] 18) i 7 ' 7 i W) HH
SF RT minus OF RTHI! 1&.4% | 17.0¢ | 14.9% | 6,2 Ho1deas o
FE I }] b 7 } (7) H 14} 1 W) i
SFORT minus OF RTHIL  54.9%8 | 40,%k« ¢ 31,.pan | L T Y
H {8} i {7} H (7) i Lay i i Li
SF = same position; SF = same field;, OF = oppostie  tield, ¢ =

central-eccentric sequences; 500 = stimlus onset TN TG
*rranifizantly different frow 1 at fo.uy {one-sample b teetls

» sigmbrcantly different from 0 at py.ul (ohe-sample t-tests

Table 4

Experimant 2 - Reaction time (averaged scross 50As) to targets in medial

tabove) and lateral positions (below) as & function of the positional

relation between cus and torget.

Targets in medial positions {(mmans betwsen right and left)

RT (ms) Statistical significance of diffevence

6P 272.4 1 SP we SF =,02 (8)ISP ve OF (,00% (B} ISP vs CE (.D01 (B)
SF 252.1 1 SF vs OF »,002 (B)ISF vs CE =.07 (5 |

CF 248.2 | CE ve OF .02 (&)1 |

OF 242.1 | Lin brackets: nusber of subjects (out of B} showing the

{ differencel}

zdem A ERNSSECES=FARFSISSSSSSRESSSITSRIEE

Targets in lateral positions (means between right and left)

oP 304,3 | SP vs SF =.00) (B)ISF vs OF ¢.001 (B) {SP vs CE ¢.001 (6}
oF 279.2 1 SF vs OF (.001 (@)ISF ve CE =.003 (7} |

CE 268.8 | CE vs OF =.005 (@)1 1

OF 2461.9 } [in brackets: number of wubjects (out of 0) showing the

| differencel

5S¢ = same position; SF = some field; (E = central-eccentric  Sequences,

Of = opposite field.



Table 5

Experimant 2 ~ Differences patween RTs to central 92s as a function of
differant cus-targat combinations at each son. In brackets: rumber of

subjects (out of B) showing the difference.

SO0R (seconds)

! 2 1 b I 1.5 I 5.0 i1 #Hean 1)

SN 1 D, | S | D | S . H]

T H Difference in williseconds H
| 1 [ HH

CC RT minus EC KT 1} 47,58 | 25.9¢ 1 12.4% 1 1420 11 25.08s L)
TR 1] ¥ [{:H] | V3] H 172 Hh {7} e

¢¢ = central-cantral sequances; £C = eccentric-central sequences; S0A =
stisulus onset asynchrony

» significantly diffevent from 0 at pt.05 (pne-sample t-test)

w% significantly different from 0 at p¢. 01 (one-sanple I-test)

¥p ¢ .06
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Figure captions

Figura 1, - Experiment 1: Keaction-tims {RT) to 52 for sawme pusitiun
(5P}, same-field (SF), pooled opposite-field (DF) and auditory-visual
(AV) combinations as & function of 51-52 S0A in sbsence of a response to

51.

Figure 2. - Erperiment 1: Reaction-time (RT) to G2 (continuaus linew)
and to 51 (broken lines) as a function of S1-%2 SO0A. RT to 52 (RT2)} s
divided into same-position (5F). same-field (SF), pooled opposite-iield
(0F) and auditory-visual (AY) combinations. KT to 51 (RT1) is divided

into auditory-visual (AV) and visual-visual (VU) cosbinations.

Figure 3, - Ewperiment 2: Reaction-time (RT) to 52 as a function of
S1-52 SOA and positional relstion between 51 and 52. The four panels
correspond to the four SOAe. In each panel the five groups of Larcs
correspond to the five positions of S2: left external (left pat .}, leit
internal {left int.)., central., right internal (right int.) aud right
external (right ext.). In eoch group of bars. the tusbers 1-3 indicate
the position of S1: 1=lgft ent., 2=left int.. 3=central, &=right 1iunt.

Ssright ext. The dark bars indicate RT to %25 following 91s at  the

central location for eacn af the five locations,

Figure 4. - Experiment 2: FKeuction-time (RT) to 52 for  samepusition
(5F), same-field (SF}, panled opposite-field LOF) and

central-entrafoveal (LE) cowbinations as a function of S1-52 S0A.

L]

{meac)}

os§p
«= &F
as OF
O AV

SOA
{maec)

o= SP
- v §F
A sOF
o= AV

- AV
~-a WV




Frich

Wor asgP
- §F
&= OF

osCh
rr(: ({ | R
RY '
. (meac)







