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Abatract—It is known that reaction time {RT) for the deicction of & fight targel at extrafoveal
locations is kengihened by s previous non-informative light cuc sl the same Jocation. We describe un
additionat inhibilory effect from cues remote from the Largel but occurring within the same lateral o
altitudinal wvisual hemified, Subjects made a specded Ley-press jeaponse to the secund of two
successive light Nashes in 8 parr while maimaining fination. Each of the 1wo flashes could appear ot
random in one of four positions, 1wo in the right and two in the left vizunl fighls, us two in the upper
and two in the lower visual fields. We found an RT prolongation nol only for cucd oves uncucd
posiuons, but also for within-field non-coincident cue -targes pairs over botween-fields cue Largel
pairs. The within-field inhibitory efiect, though amaller than the same-location effcer, was fully
apparent even when the target occurred at 1° of visual angle from the nudline and w1 29 frum the cuc
Both cflects were seen with cue larget asynchsonis ranging from ©2 10 1 5sc¢ The resalts are
relevant to the understanding of the neural mechanisms loe covers shilts of aticntion acfuss the main
meridians of the visual fichd.

INTRODUCTION

ATTENTIONAL changes in the ability to delect or recognize visual stimuli can be analysed by
measuring simple or choice reaction time (RT) as a function of whether aliention is
selectively aliocated 1o the targets or lo distractors, of divided among largets and disizactors.
As a simple example, RT for the detection of unstructured photic targets in different
extrafoveal locations is shorter at expected positions, and longer at unexpecied positions,
compared with a baseline condition in which Mitget expeclancy is the same for all possible
positions [22, 24]. Since such expectancy-based changes in RT can be observed while cye
position is held constant by fixation, they cannot be accounted for by ocular responses
leading ta foveation of the stimuli. As a consequence these and other related findings have
prompted the hypothesis of an atientional focus that can be shifted like a spotlight over visual
space independent of eye movements [2, 11, 20].

In these RT studics positional cxpectancies for extrafoveal targel positions are usualty
engendered by cues that are remote from the cued positions and, hence, arc apl 1o signat them
solely by reference to a predetermined system of symbolic relations connecting each cuctoa
specific position. Subjects are typically presenied with one such symbolic cue {¢.g. an arrow
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or a digit) at the point of fixation, and arc thus set by the positional information provided by
the cue to respond to a target in a specific location away from fxation. In these conditions
decreases in RT &t the specified locations are clearly the result of cognitive and voluntary
processes because they imply, first, the recognition of the positional information provided by
the cue, and second, the deliberate alignment of the aitentional spotlight with the cued
position. The increase in RT at unexpecled locations is viewed as a measure of the cost
imposcd by the initial misalignment of the attentional spotlight and the resulting necessity o
redirect it before responding [22, 24].

By comparison with the above symbalic of “central” cues, positional “peripheral™ cues
presented al or near the cued location should in thcory be more effective in drawing altention
to that location, because they should automatically clicit an orienting reaction 1oward the
site common to both cue and target, even when eye movements are not allowed. Unlike the
attentional shifts induced by central cues, but similar (o overt orienting of the cyes toward
peripheral cues, such covert orienting of the attentional spotlight is likely to tuke place in an
almost reflexive fashion, that is without requiring cognitive and voluntary processes [12,27}.
Peripheral cueing of this kind has indeed proved hughly effective as a means for providing
advance positional information which facilitates the discrimination or detection of
structured visual targets bricfly presented al cued locations [6, 13]. kn contrast, the detection
of simple luminous targets &t eatrafoveal locations, though strongly enhanced by
foreknowledge of target position afforded by central cues, may be interfered with by
peripheral cues prescnted at or near the stimulus Jocation. 1t is now widely acknowledged
that simple RT 1o luminous targels in extrafovea) locations can be aflected by prior
stimulation of the same locations i ways that probably have to do with seleclive atlention,
but are unrelated to the responder’s expectations. A peripheral visual cue unpredictive of the
probable position of the upcoming visual 1arget may induce a small and flecling facilitatior:
of RT to a larget occurring at or near the cued location within 100 msec alter the cue, but at
longer cue-target lemporal scparations, lasting from 200 msec to more than a second, RT to
targels in the cued location is markedly retarded compared 1o uncued tocations [17, 18, 24,
26, 34]. There is solid evidence that this RT retardation is independent of retinal processes
such as local adaptation or the periphery effect, as well as of response biases due to
probabitity guessing [17, 18, 21]. Rather, it appears 1o be caused by a sclective inhibition of
the orienting reaction, either overt or covert, toward the target as a direct or indirect
consequence of the occurrence of a cuc at the same location. Various mechanisms have been
proposed 10 underlie the inhibition of orienting 10 recently cucd locations [17. 18, 21, 34].
but at present there is no decisive evidence in favour of any specific hypothesis.

The understanding of the mechanisms of the inhibitary effect of peripheral cues may be
helped by a more precise knowledge of its spatial characteristics. Is inhibition limited 1o
locations in the immediate vicinity of the cue or docs it affect larger areas of the visual field?
Some evidence in favour of the latter alicrnative was provided in an experiment of MavLOR
and Hocxey [18)] and supportcd by TassiNagi et al. [34). 1n this paper we reporl a
replication of the inhibitory effect, describe an extensive quantitative evaluation of il, presem
new decisive evidence that it extends to wide portions of the visual field which are demarcaled
by the vertical and honzontal meridians, and discuss the possible neural substrates of this
spalial pattern. As we indicated in a previous paper [34], since this spatial pattern is
comparable 1o that recently described for RT costs induced by misdirecting attenlion with
central visual cues [5, 9, 10, 30] or verbal instructions [34], the present findings may have
implications for the undersianding of the spatial organization of coverl arienting in general.



HEMWIFIELD INHIBITION FROM PERIPHERAL CUES 3

EXPERIMENT |

In most previous experiments the inhibitory effect was typically assessed by comparing RT
for the second of two consecutive, but spatially coincident stimuli—the 1arget following the
cue at the same location—with RT for a target at & mirror image location in the opposite
visual field [17, 18, 21]. Was the lengthening of RT in the former condition due to the
occurrence of cue and target at the same location, or to the fuct that they were on the same
side of fixation?

MavLor and Hockey [18] reported that the inhibitory eflect fell off quite sharply as the
spatial separation between cue and target was increased. However, RT to 1argels which did
not coincide spatially with the cue, but were on the same side of the vertical mendian, was
cansistentty longer than RT to targets ucross the vertical meridisn from the cue. Since in their
experiments cucs and targets appeared al a constant distance from the vertical meridian, the
cuc-targel separation being varicd along a line parallel to the meridian itself, their results do
not reveal the spread of inhibition from the cued position along directions perpendicular to
the vertical mendian.

The present expetiment on RT for the detection of simple light stimuli was designed 1o test
the spread of the inhibitory effect along the horizontal meridign of the visual field across
fixation. The general plan was lo present subjects with pairs of successive visual stimuli, each
of which could appear in one of four fixed positions along the horizontz! meridian of the
visual field, two on the right and two on the left of fixation. The first stimulus in a pair, or cue,
required no overt response, but the subject was to detect it in order to prepars for making a
manual response o a second physically identical stimulus. ot target. The dependent variable
was the RT of such a response, while the primary independent variable was the relation
between the position of the cue and that of the target in cach pair of stimuli. For each targe)
occurring in each of the four positions, the preceding cue in that pair migh! have accurred i
one of four relative positions: at the same location, or at the other location on the same side of
fixation, or in & mirror-symmetric or non-symmetric location on the other side of fixation.
was thus possible to compare eflects on RT of prior stimulation of the same location nol only
with those of prior stimulation in two positicns in the opposite hemificld, but also with those
of prior stimulation at a different location within the same hemifictd,

Method

Subjects. Six right-handed male subjects, ranging in age from 2010 44 yrand with normal or correcied-to-normal
vision, volunteered to take part in the experiment. They were all experienead with RT tashs and )} bul two were
unaware of the purpose of the experiment,

Apparatus. Photic stimulation was performed with four solid-state minialure light-emilling diodes, LEDs, with
tound tips 5 mm in diameter {TIL 222) which could be driven individually by u 15 mA, 5 mscc square pulse of
cusrent producing a gatlium phosphide green light with a luminance of about 70 cd/rh, The LEDs were atlached 1y
a0 horzontal arc perimeter, 57 cm in radius, mounted on 8 white langenl screen and facing & head- and chin-resy
which was placed in its centre of curvature. Right in front of the head- and chin-resi the perimeter was marked with
white spol which provided the targe! for fination. Two of the LEIYs were pluced on the right and two an the kel of ths
mark, respectively a1 10 and 30 cm fiom it. The response devices were two bulton-keys, meunted on biass cylinders
which were rigidly positioned between Lhe perimeter and the head- and chin-rest, 29 cm on the nght and the lelt,
16 cm below and 22 cm in froni of the fiaanon mark. Each key was connecied with an clecironic misec counier, and a
key-press performed with a foroe equal 1o or higher than 60 g stopped the counier. The src perimeter and the white
screen behind it were constantly lit from above by two neon lubes which provided a background luminance of
0.15 cd/m?. Sound stimulation could be provided by delivering 1000 Hz tone pips 5¢ msec in duration through a sel
of earphones.

. Procedure. Each subject performed in six experimental sessions which were run on separate deys. He sut in 2
soundproof room with the head positioned in |he head- and chin-rest so that the midpoinl between his eyes was al
57 cm from the fixaton mark on the perimeler. At this viewing distance the visual angle between cach of the Tuus
LED and is peighbour was 20°. Each session consited of 64 irials and each tris! invotved the Jollowing sequence.
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First, sn suditory werning signal indicated that the subject was 10 took binocularly s1 the fination mark and to
remain hzated until the end of the tria!. Sccond, after an interval varying tandomly from | 10 3 sec, the cue was
presenied ut onc of the four positions by illuminating one of the LEDs. Subjects wete instructed (o make no overl
resctions 1o the cue, and knew that 1he tris] would be invalidsted if they pressed Lhe hey of moved ther eyes in
response (o the cue. (The term cue is indeed justified by the fuct that it heralded the target ) Third, the turgel was
presented at one of the Jour positions by illuminsting the same LED a3 the cue or & dificrent LED. The sumulus-
onset asynchrony (SOA ) between cut and targel could take one of four values: 0 3,006, 1 5or 4 sec. The subject was
10 press one of the two button-keys with his thumb as fust as possible sfter seeing the lacget, thus slopping the
electronic clock that had been staried simultancously with Largel onset. The right hund was used on three sessions
and 1he left hand was used in (he other three sessions; on the frst scssion three subjects used the night hand and 1he
ather three used the lel hand . and the iwo hunds were ahiernsted from session to session The 64 tnals in euch session
exhausied all possible combinations between the positton of the cue. the position of the 1erget and the durution of the
SOA, and were randomly mtermined Thus within each session the cuc and the lutget in each pair appeared 16 tunes
in each of the four positions, and there was no way 10 predict the postiion of the lergel irom that of the cuc The
maintenance of fixation throughout the inal was moniored by television RTsshorter than 0 15 sec were considered
antictpations #nd RTs longer than ) sec were considered mises Cue-targel- SOA combinations on which a key-
press (0 the cuc, BN anticipalioh, & miss OF &0 Intrairal cye movement had occurred were repedied ut the end of the
session until acceplable RTe were wvailable for all 64 combinations  Anticipations and muses were recorded
separalely from acceptable RTs.

Duta analysis. The means of socepiable RTs were computed acrows sessions for each subject for cach of the 64
combinations scparalely for each hund. Thus each subject yielded [28 basic data points. Stutistical analyses used
analysis of varance with s mulidacion repeated-measurement dewign and subjects us u random-eflect varsiablc [19].
and (wo-tailed one-samplt snd paired i-tests for selecied compansons.

Results

In this and the following experiments the number of anticipations, misses and fixation
errors was too low 1o allow analysis, hence the description will be restricted in every case to
RT data. Further, in all experiments there were no systemsiic differences between the right
and left hands, and therefore statistical analyses were performed on means across hands for
each subject.

Preliminary analyses of (he data revealed that RTs for lateral targets were consistently
longer (by about 10%) than RTs for medial targets, regardless of the position of the cue. In
order to simplily the presentation of the effects of the independent variables of interest,
namely (he positional cue-target relation and the SOA, this well known effect of stimulus
eccentricity on visual RT [7] will not be further mentioned. However, as indicated below,
when sclected and restricted groups of RTs were compared, the eccentricity factor was
controlled by contrasting targets at equal eccentricities, e.g. both medial or both lateral. An
additional simplification for the description of the results comes from the fact that the
position of the cue by ilelf proved Lo have no effect on RT.

In the main analysis of the data, RTs were subdivided at each SOA into four types of
cue-target combinations: same-position {SP), same-field (SF), symmetric opposite-held
(OFs), and non-symmetric opposite-ficld {OFns) combinations. In SP combinations target
and cue were 81 the same location; in SF combinations target and cue occurred at adjacen!
locations on the same side of fixation; in OFs and OFns combinations targel and cue were on
opposite sides of fixation, respectively in a symmetric {(both cuc and targel in the lateral or
medial positions} and non-symmetric (cue lateral and target medial of vice versa) position.
At cach SOA, the data for each of these combinations were the means across the four stimulus
positions of the RTs to largets preceded by cues in the appropriate positional relation. These
means were entered into an analysis of variance with positional cue-target relation (SP,SF,
OFs, OFns) and SOA (0.3, 0.9, 1.5 and 4 sec} as main fuctors. The analysis revealed highly
significant effects from the firsi factor (£ < 0.001), the second factor (P <0.005)as well as their
interaction (P <0.001). Figure 1 shows the directions and the magniludes of these effects. At
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the first three SOAs RT was longest for SP combinations, intermediate for SF combinations,
and shortest for OF combinations, with no apparent difference between OFs and OFns
combinations. At the longest SOA the values for the four groups were not noticcaply
difictent. As shown by paired i-tests, overall RT decreased considerably with inCreasing
SOAs, with significant drops from the second 10 the third SOA (P <0.005) and from the third
10 the fourth SOA (P=0.01}). However this gradual decreasc was limited to the SP and,
partly, the SF combinations, since the RT curves for both OF combinations remaincd
relatively flat throughout the four SOAs (sce Fig. 1).

l\
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FiG. §. Experiment 1. Reaction-time (RT) for same-position (5P), ur'ne-ﬁcldr[SF],'opposilc-ﬁcl
symmetric (OFs) sod nop-symmetric {OF ns) combinations as a functien of SOAl PN ).

The numerical differences between RTs for different combinations at cach SOA, the
statistical significance of their deviations from a null value, and the number of subjects
complying with the overall paitern of results are presented in Table |. Since a separale
analysis showed that the two OF combinations did not differ from one another al any SOA,
their RTs were pooled, 50 that the differences in Table 1arc between three scts of RTs: 5P, SF
and pooled OF. The difference between SP and OF combinations is the inhibitory cflect
described in previous work (17, 18, 21, 26]. The difference between SF and OF
combinations, showing an inhibition (or locations away from the cue, is the novel finding of
this study. It is apparent from the table that at the 1wo first SOAs the differences between the
SP combination and the other two combinations, as well as the difference between the SF
combination and the OF combination, were all significantly greater than zero. At the third
SOA, the SP and SF combinations did not differ significantly [rom one another, but their
RTs were still significantly longer than those of the OF combination. No significant
difference was found at the fourth SOA.

'y G. BeaLucci, G. Tassinant, C. A. Marzi and M. D1 STEFANO
Table 1. Exped 1 1, Diffe between RTs for different cue- targel combinations st
exch SOA. In brackeis: number of subjects (out of {} showing the difierence L &R
SOA {sec)
0} 09 L5 40
Dafference in msec
SP RT minus SF RT 300t 13.61 58 [ 1]
(6) {6) 3 ")
SF RT minuws OF RT} 12.5¢ nn 123t 40
6) 6} 6} )
SP RT minus OF RTY 03t kTR 161 0.6
16) 16 ) (L]
SP=same position; SF =sama ficld: OF mopposils field; SOA = stimulus onsel ssyn-
chrony.
*Signibcantly differenetrom 0 at P<0.08 (one-sample 1-test). 3 t

1Significantly differemt from 0 st P <00} {one-sample 1-1est).
tMean of ihe iwo OF combinstions.

Three more selective analyses were aimed at a deeper evaluation of the RT effects of the
spatial relations between cue and 1asgei. The first analysis was performed on subsels of SF
and OF combinations. RTs (o medial 1argets preseded by lateral cues on the same side were
compared with RTs to the same targels when preceded by opposite medial cues. On these
cuc—target combinations the position of the targels was always medial, thus removing any
effect of 1arget eccentricity, and the distance belween cue and target was in all cases 20°,
However the first combination is an instance of SF combinatiens (both cue and target on the
same side of fixation), while the other combination is an instance of OF combinations (cue
and target on opposite sides of fixation). This analysis indicated that at the first threc SOAs
RT for SF combinations was systematically longer than RT for OF combinations, sc¢
Table 2, upper pant, thus proving the existence of an RT differential between Sf and OF
combinations with identica! targets and equal cue-larget distances.

Table 2. Experiment 1. RTs (in msec) for medial targets preceded by lateral cues within the same ficld (SF) or
by medial cues in the opposiic field (OF)

SOA (sec)
0.3 09 1.5 40
SF, iateral cues, madial targels 234.7 251.7 2389 224.2
OF, medial cucs, medial Largets 1200 2126 2193 2214
Significance of differecn (paired s-1esis) P=0.05 P<0.025 P00} o
Number of subjects showing the diffcrence (oul of
six) . 5 6 6 4

The second analysis sssessed if the difference between SF combinations and OF
combinations varicd between the lateral and medial positions. With SF combinations having
medial targets and lateral cucs, the mean RT across the first three SOAs was 18.1 msec longer
than the corresponding mean for OF combinations with medial targets and laieral cues. This
value was not significantly different from the 15.3 msec difference between SF combinations
and OF combinations with lateral targets and medial cues. Thus the slowing of SF over OF
combinations did not vary with the lateral or medial position of either cues or largels.

*A third analysis was performed on the possible effects of cue—targel spalial separation on

L
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OF combinations. For tsch OF combination there was a relatively short cue- targel
distance, namely 20°, when both cue and targel were medial; an intermediate cuc-target
distance, namely 40°, when the cue was lateral and the target was medial, or the reverse; anda
relatively long cue-target distance, namely 60°, when both cue and target were lateral. Thc
results for assessing the effect of the cue-target distance on OF combinations were split into
four groups, atlowing two separatc comparisons, in each of which the target .ecccnlncny
factor was controlled. At cach SOA, RTs 1o medial 1argets preceded by short-distance cues
were compared with RTs to medial targets preceded by intermediate-distance cues; and RTs
to lateral targels preceded by intermediate-dislance cues werc compar_ed with RTs Io.lalcr‘ul
targets preceded by long-distance cues. The results of these comparisons, su.mmarucd in
Table 3, indicate & generally insignifcant influence on RT from changes in cuc-targel
distance, with a single exception which is best attributed to chance.

Table 3. Experiment |. RTs (in micc) fot medinl and Iateral targets on OF combinations as s funcliop of
tuz-lnrplL:pltial separation

SOA (sec)

03 09 1.3 40

Media) cues and targets (20° cue-targel

sepatalion) d 2200 1226 219.5 214
Lateral cues, medial targets (40° cue-target

scparation) 226.7 226.3 2269 2150
Significance of difference (paired r-besie) ns ns. ns ns
Medial cues, Isteral targets (40° cue-target

cparation) 2488 421 2384 an
Lateral cues and targels (60° cue-targel

scparation) N 4.7 p2 1% ] 013 1289
Significance of difference (paired Ftesis} ns. P<005 ns. ns

1
Discussion

The results confirm that RT for the detection of a lateralized light target is differentially
aflected by the previous presentation of an identical cue at the same or a different location.
When both cue and target occur on the same side of the fixation point, cither the lefi or the
right, RT is longer than when the two stimuli occur on opposite sides of the fixation point,
one on the right and the other on the Ieft. RT lengthening is maximal {33.3 msec across the
three first SOAs) when cuc and targel appear at the same location (SP combinations), 1e.the
condition that was explored in the expenments of Posner and Couen [21], Mavion [17],
MaviLor and Hockey [18] and PossaMal [26]. However there is also a smaller, but highly
significant 16.6 msec RT lengthening (mean AcToss the first three SOAs) on SF
combinations, i.c. with cues and targets occupying different locations on the same side of
fixation. Both effects are present at the first three SOAs but not at the fourth, hence they must
come 1o an end at scme time between 1.5 and 4 sec from the cue.

In addition to being in gencral agrecment with previous studies on the inhibitory action of
prior stimulation on the speed of detection of luminous stimuli {17, 18,21, 26), these findings
prove that such inhibition is capable of spreading in spacc. In MavLor and HoCKEY's study
[18] the inhibitory effect of the cue underwent a drastic reduction with an increase in distance
between cue and target, the relation being clearly non-linear. We show hete that inhibition is

] G. PaaLuccHy, G. Tasamans, C. A. Manzi snd M. Dy STEFANG

by no means restricted 1o the cued location, but our results underline the importance of the
relative positions of cue and target with respect to fixation for inhibition 1o occur. Regardless
of cue-target distance, RT varies significantly according 1o whether cue and target are on the
same side or on opposile sides of Axation. For example, medial targets preceded by opposite
medial cues are responded 10 faster than medial targets preceded by lateral cues on the same
side, even though the cue-target distance is identical in the two conditions. This finding
cannot be ascribed to the cue being more inhibitory in the lateral thanin the medial position,
since the inhibitory effect on SF combinalions is equal with medial and lateral cues. Further,
RT of OF combinations is unaffected by the tatcral or medial position of the cue, or by
changes in Lhe cue-target distance.

We are thus led to conclude thal & cue presented on the right or left of fixation retards RT
10 subsequent targets appearing on the same side of fixation, whether at the same or a
different location, ehilelenving RT1otasgetscontrataterattot T ~To
the extent that the inhibition of RT to a target preceded by an ipsilateral cue reflects a bias
against reorienting toward recently stimulated locations [17, 1B, 21], our data suggest thal
stimulation at a specific location on the right or left of fixation temporarily biases the visual
syslem against rcacting lo targets appearing not only at that Jocation, but also at other (
locations on the same side of fixation. ’

Because the right visual ficld projects to the left cerebral hemisphere, and the left visual
ficld projects to the right hemisphere, lateral differences in the processing of visuat input from
cither side of fixation are usually attributed to a functional division of labour between the
hemispheres [1]. Kmnssourne [14) among others has proposed that each hemisphere can
generate an attentional bias, either overt or covert, toward the contralateral half space, and
that a balanced activation between the two hemispheres is required for maintaining attention
to the centre. In this connection, one may ask whether the inhibitory effect of a cue on
ipsilateral targets can be linked to orientational biases arising from a differential hemispheric
activation. 1t is not inconceivable, for example, that coverl orienting towatd one side of
fixation is followed by some kind of refractoriness of the hemisphere responsible for the
orienting response. If when detecting the cue our subjects covertly oriented to it, the
hemisphere contralateral to the cue might have becotne temporanly refraclory to targets
presented in the same hemifield. Experiment 2 shows that such a hemispheric hypothesis
does not suffice 1o explain the inhibitory effects of peripheral cues on visual RT.

EXPERIMENT 2

We repeated Experiment 1 using a different spatial arrangement of the four stimulus
locations, based on the notion that while visual field points on cach sidc of the vertical
meridian are projected 1o the contralateral hemisphere, points along the verlical meridian
are projected 1o both hemispheres [15]. Cues and tatgets were thus delivered above and
below fixation along the vertical meridian, rather than on the right and left of fixation along
the horizontal meridian. As in Experiment 1 the task involved responding to the second in a
pair of light fashes, the target following the cue, and cue and target could occur on the same
side or on opposite sides of fixation. However, SP and SF combinations had both cues and
1argets cither above or below fixation, whereas with OF combinations the cue could be above
and the target below fixation or vice versa. In Experiment | cues and targets of SP and SF
combinations were projected to one hemisphere, and cues and targets of OF combinations
were projected to different hemispheres. The crucial change in Experiment 2 was that all
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possible pairs of cues and targels were projected Lo both hemispheres because of the bilateral
representation of the vertical meridian.

Method

The same sia subjocts of Experiment ) were iesicd with exscily the same procedure. The only dif
apparatus was & verticsl bar which replaced the arc perimeter of Experiment | and scrved as & suppor! tor the fous
LEDs. There were two LEDs sbove the Faation point and two below i an n symmelrical diposition. The lineur
distance betwoen each LED and its neat was such thai st the viewing distance of $7 cm it subtended & visual angle vl
20" in analogy with Expeniment 1. Thus there wese (wo LEDs in the upper field and two LEDn i the lower visual
ficld, one st 10° and Lhe other a1 30° from fination. These 1wo positions will be relerted to respectively ws 1aned und
ouler.

Resulrs and discussion

In accord with several previous studies [7], RT was generally faster for inner than for outer
positions, and for lower than for upper positions. However this variable did not interact with
the (wo independent variables of the study, i.¢. the positional cuc-targel relation and the
SOA, and therefore it will be disregarded.

Dats for SP, SF, OFs and OFns combinations were obtained as in Experiment 1. These
data are presented in Fig 2 and Tables 46 and can be dircclly compared with the
corresponding data for Experiment | as they appear in Fig. 1 and Tables 1-3. The general
cutcomes of the lwo experiments were basically the same in that {a) the slowest RTs were
those for SP combinations; {b) RTs of 5F combinations were shorter than RTs of 5P
combinations, but longer than RTs of OF combinations; (¢) OFs and OFns combinations
had statistically indistinguishable RTs. The differences between SP. SF and OF combina-
tions tended to decrease with SOA and 1o disappear altogethtr at the longest SOA. Analysis
of variance showed significant eficcts for 1he positional cut-target relation (P <0 001), SOA
(P <0.005) and the interaction hetween the iwo factors (P <0 001). A comparison between
Figs | and 2 as well as between Tables 1 and 4 bears out the substantial qualitative and
quantitative similarity between the general pattern of differcnces belween SP, SF and OF
combinations in Experiment 1 and that in Experiment 2.

Tabile 5 shows that at the first two SOAs, SF combinations with inner targets preceded by
outer cues had significantly longer RTs than OF combinations with both inner targets and
cues. This replicates Experiment 1, see Table 2, in demonsirating the occurrence of
differences between SF and OF combinations with equal target eccentricitics and spatial
cue—target separations. The difference between SF and OF combinations a1 the third SOA
was in the expected direction but did not reach significance,

Again in analogy with Experiment 1, the mean slowing of the SF over the OF
combinations across the first three SOAs was approximalely the same regardless of whether
inner targets were preceded by outer cues (mean slowing 10.3 msec), or ouler largels were
preceded by inner cues (mean slowing 12.0 msec). The absence of a significant difference
between the two slowings implies an equal inhibitory power of inner and outer cues on 3t
combinations.

A final point of concurrence with Experiment 1 was the independence of RT for OF
combinations from changes in the cue-target distance across fixation, sec Table 6 1o be
mmpa_r:d with Table 3, in kecping with the hypothesis of a general lack oD:ﬁecls from
OppOsite cues.

‘The major conclusion to be drawn from the combined evidence from Experiments 1 and 2
is that RTs to targets occurring a1 the same or a different Jocation on the same side of fixation
are sysicmalically longer than RTs Lo targets preceded by cues on the opposile side of
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Table & Experiment 1. Diflerences between RTs for different cue-1nrget combinations a1
aach SOA. 1a brackets: number of subjects (out of six] showing the diffezence

SOA (sec)
02 09 1.3 40
Diffesepoe in mecc
87 RT minus SF RT 0. 119 3 -82

16 i5) “)
SF MY mious OF nﬂ.jr' g y

o ] Y3

4) 6) ]
SP RT minus of RT K n.;b :& '/u:?'
e T 7w "~ 6)

s
ié"sunmumly different from 0 at P<D.05 {one-sample 1-test).
- 1Significamty difficrent from 0 sl P<001 [one-sample t-test),

tMean of OFs and OFns combinations.

Table S. Experiment 2. RTs (in msec) for inner wrgets preceded by outer cues within the same field (SF) or by

inner cues in the opposite field {OF}

SOA (sec)
0.3 o9 1.5 40
SF, ouler cuss, inper Largels 2400 2301 ol % 2242
OF, inntr cues, inner Iargels 2243 2148 64 2202
Significance of difference (paired 1-tests) P<0025 P<005 ns. oS
Number of subjects showing the diffiercoce (out of
sin) 6 [ 5 $
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Table 6. Experiment 2, RTs {in muec) for inner and outer targets on OF combinations as a function of cue-
targets spatisl separntion o Method
SOA (sec) ' Subjects gnd apparatug, Siz right-handed males aged 21-28, endowed with normal or fully corrected vision and 1
o3 09 Ls 40 unaware of the purpose of 1he Budy, served as subjecis. The apparatus was the same a5 in Expetiment 2; however.
- the bar supporting the four LEDs was horizontsl in condition A and vertical in condition B, further, the fixation
. poinl was pluced 10" direcily sbave or below the centse of the horzontut barin condition A and H durecily right ut
g::rm':;"ﬁéiﬂw_'&?':""“‘m] 143 a4y 68 no2 [ pf_lhz cxulrt‘ol' the vertical bar in conditron B In all cascs there were Iwo LEDs on euch side of the vfruunl
up-ntit;nl 2308 1.3 2140 7274 ! meridisn {condition A} or the hpruunul mendian (condition B}, one at I&nd \he other w1 30 from the mendian |
Siantheance of difficrcnoe (paired I-tests] s nb ns as. | Procedure. The wqulnoc‘of stimu" on each trial was the same a5 in Expennients 1 und 2 but the four SOAy were
: BN 2t (A0 Cuctarget . 02,06, 1.5and 5 sec. The instructions for responding were the same as in Eaperiments | and 2. There were cighl
nner cucl: o;lm argets { ue-LaTge 2600 2454 444 2457 | 60* Gt - Fange { - seasions, each comprising 64 trals, Tun on scparste days For threc subjects the stmubus u1rey was sel hunzonteily
o::‘:::':m argets -L- 3639 2362 299 150.5 -- . V {condition A jduring the firs! four sessions, and verucally {condition B) during the other four weasions Fuor the other
Sianificance of difference (paired Frests) I“‘ M " ns s e ALY three subjects thas order was reversed _ln condition A a cicarly viuble fixation mark was pravided 10 above the
L rence {paired (- $- -+ - i cenire of the horizontal stimulus afray in two sessions aad 10° below il in the other two scssions. In condition B ihe

- I samec fixalion mark was positioned 10° 1o the night of the centre of the vertical stimulus 2rruy in two seasions, and 10
© | 10 the Scft of i in 1he other two sessions, The order of pasitions of fixmtion within cach condition was completcly
counterbalanced scross wubgects. Other procedural delails were dentical with those of Experiments | and 2

fixation, irrespective of whcl§er cue and 1arget are presenied on the horizontal meridian, to
the right and/or lefi of fixatipn {(Experiment 1), or on the vertical meridian, above and/or ;

below fixation (Experiment 2). In both cases the critical factot of the inhibitory effect is not RESULTS AND DISCUSSION
simply the spatial coincidenge of cue and target, but rather their ipsilaterality relative to Since it was secn on @ preliminary analysis that the effects of the main independent
fixation. In Experiment 2 the mean slowing across the first three SOAs over OF variables were unaflected by the two fixation requirements in both condition A (fixation
combinations is 27.1 msec for SP combinations and 11.2 msec for SF combinations. These above and below the stimulus display) and condition B {(fixation to the right or lefi of the
values are comparable with the 33.3 and 16.7 msec values of Experiment 1. stimulus display), the data for the two fixation requirements were pooled in cach condition.

The inhibition on the horizontal meridian seen in Experiment 1 might i"! principle be The data were then subdivided in SP, SF, OFs and OFns combinations separately for each
accounted for by a channelling of signals from both cue and target into a single cercbral condition, and are illustrated in Figs 3and 4. A comparison of these figures with Figs l and 2
hemisphere on SP and SF combinations, as opposed Lo the projection of cue and targel to suggests that the eflects described in Experiment | and 2 were completely replicated in
different hemispheres on OF combinations. Yet this interpretation cannot accommodate the Experiment 3, conditions A and B.
results of Experiment 2, insofar as in this experiment visual signals were provided to both
hemispheres on all cue-targel combinations. The assumption seems justified that in the 50
neural substrate for local light detection there exists & mechanism whereby detecting a light
on one side of fixation, whether on the horizontal or vertical meridian, causes a lemporary oeSP
depression of the reactivity o subsequent light stimuli appearing on the same¢ side of fixation QusE

&8s 0F ns

along the same meridian. To the extent thatinhibition is similar for stimuli along the vertical .
as well as the horizontal meridian, hcfmisph:ric refracloriness cannol be regarded as an
indispensable element of the mechanisms. An important question that can be asked is: does
the mechanism operate sol Iy across fixation, or across any poin! along the two main
menidians of the visual field? ‘1 order (o answer this question, in Experiment 3 we dissociated
the point of fixation [ram the centre of the stimuius asray, so that cues and targets could be :
presented on onc or both sides of the horizontal or vertical meridian off-line from fixation.

->»

I/

EXPERIMENT 3

1n Experiment 3, condition A, we studied the inhibitory effect of ipsilateral cues by using a
horizontal stimulus displaﬂ_tg that of Experiment 1, but which was positioned above or _Ls. w. la
below the fixation point. Thus ipsilateral or contralateral cues and targets were defined on
the basis of their reletive positions wilh respect 1o the vertical meridian rather than the 268 200600 e T 000
fixation point. Similarly, in Experiment 3, condition B, we used a vertical stimulus array
_ similar 10 that of Experiment 2, which however was positioned to the right or left of fixation, 5.0.A,

so that cues and targets could appear above or below the horizontal meridian along & vertical . Fia. 3. Experiment 3, condition A. Reaction time (RT) for same-position (SP), same-field (SF),
linc away from fixation. opposite-ficld symmetric (OFs} and non-symmetric (OFns) combinalions as a funcuon of SOA(WA&
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opposiic-field symmeétric (OFs} and non-symmctric {OFns) combinations as s funclion of SOA‘MM -

An analysis of variance on the results of both conditions, having as faciors axis of stimu_lus
array (horizontal in condition A and vertical in condition B), positional cue-target relation
and SOA, showed no significant eflects from the first factor and jts inleractions. Thcrcfurf: the
effects of the two other factors and their interaction, which were all significant (rcspecuv;ly
P<0.00]1, <005 and and <C.001), are summarized jomtly for the two conditions 1n
Tables 7-9. These can be compared with Tables 1-3 of Experiment § and Tables 4 6 of
Experiment 2. The comparisons bear out the substantial similanity of the patiern of
differences between SP, SF and OF combinations obtained in combined conditions A and B
of Experiment 3 with that seen in each of the preceding experiments.

Table 7. Experiment 3. Differences betwaen RTs for different cue-larget combinations at
cach SOA. In brackets: sumber of subjects (oul of six} showing the differcnce

SOA (mc)
0.6 15

02 30 .

Difference in msec

a3t 16.4¢ naf 34

SP RT minus 5F RT

(6) 16) {5) )
SF RT mious OF RT} 15, 5. 14 62
61 () ) )
SP RT minus OF RT} 59 f- n 183 96
{®) ) (6) o

*Significantly diflerént from 0 st P <005 (one-sample r-lest).
tSignificantly diffesent from 0 al P <0.0| {onc-sampie I-1es1).
tMecan of OFs and OFns combinations.

14 G. BentuccHl, G, Tassinari, C. A, Marzi and M. D Sterano

TFable 8. Experiment 3. RTs (in mscc) for medial and inner targels preceded by lateral and outer cues within Lhe
same field (SF) or by medwl and inner cucs in the opposite ficld (OF )

SOA (xc)
02 [1X 3 1.5 30
SF, Imiern] of outer cues, medial or inner targels 2097 09 2879 ma
OF, medial or inner cues, medial or inner targets PIER 200 181.7 M2
Significance of difference (paired (-tests) ni. PcOOS ns. ns
Number of subjects showing the diffcrence {out of ] b 5 3

(Y]

In general accord with Experiments | and 2, in Experiment 3 the mean SP inhibitary effect
(SP-OF) across the three first SOAs i¥36.4 maec, and the corresponding value for the SF
inhibitory eflect (SF—OF)is 12.8 msec. Thus these inhibitory effects occur not only when cues
and largets are aligned with the fixation poinl, bui also when they occur on the same side of
the vertical and horizontal meridians off-line from fixation. This implies that it is the
ipsilaterality of cues and targets relative Lo the main meridians, and not solely to the fixation
point, that causes the inhibitory effect. But does this mean that the t\ibitory eflect extends as
far as the eanct boundayigs between opposite hemifields? The results of Experiments }-3 do
not allow a specific answer to this question since the shortest distance [rom cues and targets
1o the fixation point or the main meridians was 10°. Experiment 4 was designed to lest the
inhibitory ipsilateral efiect with cues and targets very close to the fixation point.

Taubie 9. Experiment 3. RTs {in msec) [or medial snd inner, and for lateral and outer targets on OF

combinationus » function of cue-targetf spatial scparation LA
SOA (sec)
0.2 06 1.5 50

Medial and inner cucs and targels (20° cue-target

scparation) 813 1700 281.7 .2
Eatersl and outer cues, medisl and inner targats

(40" cue—targel separation) - 2178 2802 2895 265.4
Significance of difference (paired j-icsus) [ ¥ 9 nas. ns. nas.
Medisl and inner cues, laleral aad outer Largets

(#0° cue-target separation) 299 2844 2044 2973
Lateral and outer cues and 1argets (607 cue-target

paration) 0.6 913 947 2038
SigmBcance of differcnoe (paired 1-lests) ns. ns. ns. nE.

EXPERIMENT 4

The basic plan of this experimeni combined features of Experiments | and 2 in that there
were four possible stimulus positions aligned symmetrically ¢ither on the horizontal or the
vertical meridian across fixation. However the spacing of the four positions was partially
diflerent [rom that of Experiments | and 2. The two medial positions on the horizonial
meridian, and the two inner positions on the vertical meridian were only 1° away from

‘fixation. As in the previous experiments, the two lateral positions on the horizonial meridian

and the two outer positions on the vertical meridian were about 30° away from fixalion.
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METHOD

Subjects and apparatus. Seven right-handid and one lefi-handed normally sighted or corrected- to-normal maies,
ranging in age from 23 to 44 yr, four of whom were unaware of the purpose of the study, served ms subjecis. The
apparsius was the same a§ in Experiments 2 and 3, with the fixntion point being alwiys 8¢ the midpoint of the bar
supporting (he four LEDs.

Procedure. The tash was the same as in the Experiments 1-3. There were lous sessions, each consisting of &4 Lrials
a3 detailed previously. Each subject performed on 1wo scasions with horizontully shgned stimulus positions and Iwo
sessions with vertically aligned stimulus positions. and in each pair of sessions the responding hand wis slternated
beiween right and lefi with hand order counterbalanced across subjects. The four SOAa weie 0.2.04.1 5and 3 sec

Results and discussion

An analysis of variance with posilional cuc-targel relation, SOA and axis of stimulus urray
as factors revealed significant effects [rom the two former lactors (P <0.001 in both cases) and
their interaction (P =0.001), but not from the latter factor or any of ils interactions. This
warrants a unified description of the results obtained with the Lwo orientations of the
stimulus array.

The results are summarized in Fig. 5 snd Tables 10-12, which disclose the persistence of
the ipsilateral inhibitory effect with the stimulus spacing used in this cxperiment. The mean
SP inhibilory effect across the three first SOAs was 41.7; the corresponding mean 5§
inhibitory cffect was 12.5 (see Tabi: 10). Table 11 shows that over the three first SOAs RTs to
medial and inner targets preceded by lateral or outer cues on the sume side {cue-targel
distance 29°) were on the average 15.8 msec longer than RTs to the same targels when
preceded by medial and inner cires on the opposite side (cue-target distance 2 ). Taken
together with the results of Expe.iments 1 and 2, these findings allow the conclusion that a
cue at 30° from fixation inhibits a far ipsilateral target at t° from fixation as much as a nearer
ipsilateral target at 10° from fixation, since the effects in Experiment 4 were comparable to
those of Experiments 1and 2. Conversely, the combined results from Experiments §, 2and 4
suggest that the same inhibitory effcct on a largel a1 30° [rom fixation is exerted by cuesat | or
10° [rom fixation. Further, the proximity between medial and inner cues and 1argets oh some
OF combinations of Experiment 4 does nol appear {0 resull in inhibitory effects on these
combinations. This is shown in Table 12 which makes it clear that on OF combinations both
RT to medial and inner targets and RT to lateral and outer targels were unaffected by the cue
being near of far from fixation.

In summary, the evidence indicates that targets sppearing in the immediate vicinity of
fixation are inhibited by non-coincident ipsilateral cues as effectively as Largets remotc from
fixation, and cues close to fixation arc fully inhibitory on ipsilateral far targets. Added to the
results of Experiments 1-3, the resulis of Experiment 4 strengthen the point that the main
meridians of the visual ficld are indecd boundaties to the spatial spread of the ipsilateral
inhibitory effect.

GENERAL DISCUSSION

All the experiments described in this paper bear out an ipsilateral inhibitory eflect of an
extrafoveal visual cue on RT to a subsequent extrafoveal visual target. Inhibition is signalled
by an tlevation of RT to targets following cues on the same side of the main visual field
merndians over RT (o targets appearing on the side oppositc the cue. The effect is long lasting
{up 1o 1.5 sec or more) &nd is strongest when cue and targel occupy the same position. The

finding of a marked inhibitory eflect at the cued position is in keeping with studies by PosNER
and Comen [21], MaYLOR [17], MavLor and HOCKEY [18) and Possaman {26]. This study
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FiG. 5. Experiment 4. Reaction-time {RT) for same-position (SP), same-field {SF), opposite-field

symmetric {OFs) and non-symmelric {OF ns) combinalions & & function of SOA(

/ Table 10. Experiment 4. Diffcrences between RTs for differenit cue-1argel combinations al
esch SOA. In brackets: number of subjects (out of ) showing the difference
SOA (sec)
0.2 0.6 15 50
Difference in msec
SP RT mipus SF RT nn 13 268t 104
(3} t6) %) L))
SF RT mious OF RTY [ 14.7¢ 435 -1
(5) (5) (3 i}
SP RT minus OF RT} 459¢ 479" It 2.1
\ 6) 6} (6) ()]

‘Silniﬁunlly different {rom 0 s1 P <0.05 (one-sample 1-tes1).
tSignificantly dificrent from Q at P < 0.0t (one-sample t-lest).
{Mean of OFs and OF s combinations.

however extends the previous results by showing that inhibition affects not only largets
presented at cued locations, but also targels occurring in the visual half field comaining the
cue. It occurs between right and left fields (Experiment 1) as well as between upper and lower
ficlds (Expeniment 2), both across fixation and across points of the main meridians away
from fixation (Experiment 3), and scems independent of the eccentricity of target and cue
positions over the explored range (from 1 to 30* [rom the main meridians, Experiment 4).
According 1o the results of the last mentioned experiment, the effect is besl depicied as an
and arrives at the

inhibition which irradiates in all directions from the cued location
horizontal and vertical meridians without crossing them.
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Table 11, Experiment 4. RTs (in macc) for medial and inner targels preceded by laicral and ouler cucs within
the same field (SF) or by medial and inner cucs in the opposite ficld (OF)

SOA (sec)
0.2 06 [B] 50
SF. latera! or oulter cucs, medial or inner targeis ¥ 7137 269.1 2630
OF, media) or inner cues, medisl of inner targels 2803 1509 639 25186
Significance of difference (paired i-lcats) P=008 P <0.00] ns na.
Number of subj howing the difference {out of
six} 5 L 4 3

Table 12. Experiment 4. RTs {in mscc) for medial and inner, and for lateral and outer targels on OF
combinations s a funclion ol'cue-lnr.z(l_,pn'ul separation

SOA {sec)
0.2 0.6 1.5 50
Media! and inner cues and 1argels (2° cue-targe!
scparation) 280.3 2509 2639 2518
Lateral and outer cucs, medial and inner targets
{31 cue-targel scparation) 2756 260.5 261.2 2643

Significance of difference (paired r-tests) ns. ns. ns. ns.
Medial and inner cues, lateral and ouler largets

{31° cue—targel separation} N4 1899 934 3039
Latera) and outer cues and 1argets (60° cue-targel

separation) 3169 841 281.2 2966
Significance of difference (paired t-tests} ns. ns. ns. ns.

Cusrent interpretations of inhibitory eficcts on RT from peripheral cues differ in the
suggested mechanisms, but concur in viewing inhibition as the expression of some kind of
spatially selective refracioriness of the atieptional system. TassINAR ef af. [34] suggest that
covert orienting to a peripheral cue implies a suppression of the natural overt ornienting
reaction toward it, thereby interfering with subsequent motor reactions to targels appearing
shortly thereafter at the same place or in the same direction as the cue. Having found that
inhibition follows a brief facilitation, Posner and CoHeN [21], Mavior [17] and MAYLOR
and Hockey [18] believe that a peripheral cue first atiracts the focus of attention 1o its
location and then repels it to the advantage of other locations. Contrary o the prolonged
subsequent inhibition, early RT faciliation {rom a peripheral cue is not an easily observable
effect [26], and in our expericnce it is entirely absent with cue-target SOAs of 150 msec or
more (Tassinari ei al., in preparation). Since no carly facilitation from previous stimulation
al the same location was seen in the present cxperiments, where inhibition was fulty
developed al the shortest cue-target SOA (200 msec), the issue of whether inhibition is
always pursuanl to facilitation [ 17] or sometimes independent ofit [21] cannot be addressed
on the basis of our results. The discussion will therefore be centred on the possible roles of the
main meridians of the visual ficld in partitioning the spatial distribution of inhibitory effects
on attention.

Several lines of evidence suggest that the vertical and horizontal meridians are not simply
imaginary lines subdividing the visual field into quadranis, but rather constitute natural
boundaries between psychophysically distinct regions of the visual space which are
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subserved by scparate cerebral subsirates. The most obvious functional scparation is
considered 10 occur atl the vertical meridian, because it is known that there are many
asymmetries in cognitive performances between the right and left visuzl hemifields. Since the
organizalion of the optic pathways is such thal the right visual field projects to the left
hemisphere and the left visual ficld prajects 10 the right hemisphere, lateral asymmelrics in
cognitive performances are best interpreted in terms of differential hemispheric specializa-
tions and interhemispheric transfer [1, 15). The spatial putiern of the inhibitory eflect
described here cannot be linked specifically to hemispheric separstion of function because
the spread of inhibition appears 10 be limited by the horizontal as much as by the vertical
meridian.

Perceptual differences between upper and lower visual ficlds have been much less
investigated, but some have been discovered that perhaps can be attributed to functional
differences between the cortical representations of these visual field regions [32]. Although
the upper and Jower quadrants of cach side of the visual field project conjointly 10 the same
(contralateral) hemisphere, this does not mean that they are mapped on the coricx in a
physically continuous and functionally homogeneous mannes. There is evidence that in non-
human primates the extrastriate visual cortex contains distinct arcas for the separate
representation of the superior and inferior visual fields, and it has been suggested that this
differential pattern of representation might provide a ncural subsiraie for percepiual up-
down asymmetries {3, 35). However, spatially disjoint coriical representations of the right
and et hemifields or the vpper and lower quadranis are amply connected in an orderly
fashion by inter- and intrahemispheric fibres, and it may be naive to think that their gross
physical separation eptails an even partial functional independence [34]. :

The relation of perceptual asymmetries between visual hemifields to the mechanisms ol !

attention is an intriguing one. Many clinical and experimental findings suggest that the
spatial distribution of visual attention along the left-right and up-down dimensions is not
hemogeneous, and thay the horizontal and vertical meridians may be major sites of
discontinuily in this spatial distribution. A neglect for the contralateral visual field can be
easily produced in experimental animals by 8 number of cortical and subcortical lesions in
one hemisphere [28], and left visual inattention is @ well-known consequence of various
forms of right parictal cortex damage in man [4]. Although the neglected field is by no means
blind, it seemns that patieats with parietal lesions have difficulty in shifling atiention away
from the side ipsilateral 10 the damage, particularly across the vertical meridian [25].
Recenlly, cases of altitudinal neglect, i.c. selective inatiention for the upper or lower visual
fields, have been described in cats with midbrain lesions [16] and patients wilh progressive
supranuciear palsy [23]. The disturbance here seems to involve a reduced capacity (o shift
atlention in a vertical direction, particularly across the horizonial meridian.
Discogtinuities in the spatial distribution of visual attention at the vertical and horizonta!
meridians have also been detected in cxperiments on normal man. HUGHES and Zimea [¥]
found that subjects cued 10 expect a visual stimulus in a particular location on one side of the
fixation point along the horizontal meridian showed a modest facilitation of simple RT 10
stimuli presented not only at the expected location, but also in other Jocations within the
same hemificld, whereas RT 1o stimuli presented in the opposite hemificld was uniformly
retarded. By presenting stimuli along the vertical meridian according to the same paradigm
these authors obtained comparable results and concluded thav the principal transition

between costs and benefils of positional expectancies for RT performance occurs al botk:

main meridians [ 10]. Usiog stimuli distributed along the horizonial meridian, DowNING and

-
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NKER [5] were able to find costs at unexpected Jocations within the hemifield of the
pected location, bul costs were far greater and more uniform a1 unexpected locations
thin the opposite hemifield. Further data and arguments in favour of the importance ol the
rizontal and vertical meridians in delimiting the spatial spread of the costs of the deliberate
sallocation of atiention have been provided by recent experiments of RiZZOLATTI ¢f al.

3] and TassINARI er al. [34].

There is thus a suggestion that normal subjects exhibit two kinds of RT inhibition limited

one side of the main visual field meridians. One kind of inhibition is cuused by the
liberate allocation of attention to the opposite side of the meridians, as demonstrated in the
idies just described. The other kind of inhibition is induced by peripheral cues occurring

;ilaterally to the target, as demonstrated in the present paper. These two kinds of inhibitlon
1y involve similar complex interactions between overt and coverl tesponse tendencies as
A1 as between processes of discngagement and redirection of attention, and may therefore
pend on partially common neural mechanisms [34]. One possibility is that the activities of
rebral areas representing the right or left visual fields or the upper or lower visual
\adrants are modulated in an at least partly independen fashion by separate attentional
stems. If scparate attentional systems exist for the control of the cortical representations of
¢ right and left fields as well as of the upper and lower ficlds, and their organization foliows
¢ principle of reciprocal inhibition, a reduction in the sctivity in one stientional system wnd
 cortical 1arget as a result of the arousal of an antagonistic system would be a matler of
wrse. The further assumption of a period of refracioriness of cach attentional systermn
ilowing a selective activation from a peripheral cue may explain the ipsilateral inhabiory
fect described hete. Findings on evoked potentials during selective attention inman [8] ate
»t incompatible with thesc possibilitics but are still insufficient for reaching any definite
mnclusion.

More compelling correlates of the ipsilateral inhibitory effect may be found at the single
suron level. An inhibitory eflect of prior stimulation on visually elicited responses has been
sscribed for single neurons of the superior colliculus in both cat [29] and monkey [J?]_llhc
asic finding is that the response of superior collicular neurons 10 optimal stimuli presented
 their receptive ficlds is attenuated by the previous presentation of another stimulus 10 a
ferent part of the visual field. The following features of this electroph ysiological
henomenon are relevant to the behavioural inhibition described in the present study. First,
s inhibitory effect occurs both when the two stimuli are superimposed and when they are
;parated by several degrees of visual angle, although at least in the monkey it is maximal in
i firsl case. Second, the inhibitory effect is present for interstimulus intervals of up 10
stween 1 and 2 sec in the cat and above 100 msec in the monkey. Third and most important,
¢ inhibitory effect is greatly reduced or abolished if the first stimulus is presented across the
rrtical meridian from the second. Unforiunately, changes in the inhibitory eflect related Lo
1e presentation of the two stimuli across the horizontal meridian were not studicd in cither
1t or monkey. If the strength of the neuralinhibitory effect could be shown to depend on the
o stimuli being on the same side of the horizontal (as well as vertical) meridian, then the
nalogy between the electrophysiological findings and the RT effects described in this paper
rould be nearly complete.

Since the superior colliculus is known (o be gencrally important for overt orienting, and
specially for visuomotor orienting [31, 361, the hypothesis that this same structure may be
wolved in visually guided covert orienting and its consequences as well is an appealing one.
\L any rate a firmer correlation between neural and behavioural phenomena in this arca will
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be made possible only by expanding our knowledge of the conditions under which the
ipsilateral inhibitory effect becomes manifest. Given the close conceptual refation between
selective attention and premotor organization [33], further investigations must explore the
role of directional constraints in the motor preparation of speeded manual reactions 1o
extrafoveal light stimuli when the natural oc{ular orienting response to such stimuli is
suppressed [34]. -
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