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INTRODUCTION

The tera selective attention refers to those intrinsic
mechanisms by which an animal becomes temporarily more reactive to
some a;pects of its sensory environment while at the same time 1ts
[esSponsiveness to other components of the same environment
diminishea., These opposite changes in reactivity occur bath between
aqd yithin sensory modalities., Selective attention 1s traditionally
distinguished from arousal, which alludes to the modulation of the
overall reactivity of the organism without selection between
stimuli, apd with intention, defined as the preparation to move
lgee'Heilman. Watson, Valenstein and Goldberg. 1987). While the
dlstlnctiqn betveen selective attention and arousal 1is necessary
and feasible in both physioleogical and behavioral terms, the
usefulness and the legitimacy of a complete conceptual sueparation
between selective attention and intention are more gquestionable.
Norpal behavior undoubtedly suggests that in any situation the
brain can choose one or more among many of its sensory inputs for
further processing, as well as select one of several passible motor
outputs tor appropriate action. However. since the selection of a
sensory input will ultimately become manifest in behavior through a
moto; gutpgt, one wonders whether the selection process involves a
specific increase in the response of the brain sensory systems to
the selected stimulus, or rather a facilitated access of the
sensory _activity evoked by that stimulus to the motor systems tor
translation into action. In the latter case the differentiation

between sglect%ve attention and intention would become difficult 1t
not downright impossible.

Insplred by an action-based view of cerebral organization fou
perception proposed by Sperry (1952}, we have recently suggested
th§t selective attention may be regarded as an operational
adjustment of Fhe brain which primes or facilitates all motor
responses potentially triggered or guided by the sclected  stimulus
{although the degree of facilitation may vary from one response to

another), to the disadvantage or exclusion of wotor reactions o
other stimuli (Tassinari, Aglioti, Chelazzi, Marzi aud Berlucchi,
1987). Which response is eventually ewmitted to the attended
stimulus depends on a variety of internal and external <onditions
which are relevant to the responder's goals at that woment and
which are too numerous and heterogeneous to be jJoiutly vategorized
as "intention". For present purposes it is suffirient to say that
under otherwisas identical conditions the same mator response  will
be elicited more promptly and easily by an attended than an
unattended stimulus, mainly if not wexclusively because ot 3
facilitated linkage between the sensory input representlng the
attended stimulus and the motor output controlling the response.

From the physiological point of view this suggestion 1S
consonant with the notion that the limited and specific changes n
neuronal activities required by a process of selective attention
are seen not in primary sensory areas of the cortex, but rather 1in
areas such as the posterior parietal certéx which can more directly
channel sensory input into a variety of motor outputs (see Wurtz,
Goldberg and Robinsen, 1980; Heilman et al., 1987). By contrast,
attention {or intention?) can be focussed at will on a single
muscle by facilitation processe¢s which are likely to occur in Uhe
primary motor cortex Or even more peripherally (Gandevia and

Rothwell, 1987). From the psychological point of view our
suggestion is compatible with late-selection theories of artention
{see e.g.Duncan, 1981}, according to which attention acts pnot ou

the first level representation of the stimuli, but rathev on theit
capacity-limited tand therefore selective) entry into a second-
level representation which makes them available tor conscious
avareness and behavioral output.

In the following we describe and discuss the results of sons
experiments which bear on this issue. Ve will deal with a much
studied form of selective attention, e.g-attention to a spacific
visual field location (visuospatial attention}. In ordinary
photopic human vision, targets of selective attention are normally
processed faater and more accurately than non-attended targets
mainly because they are positioned on the region of highest acuity
of the retina (the fovea) by appropriate saccadic or pursuit eve
movements. However, it has 1long been known from everyday
experience, as well as from ingenious but non-systematic
experimental observations made in the past century (Helmholtz,
1867}, that by a conscious and voluntary effort it is possible to
turn attention to any chosen portion of the entire visual field
without moving the eyes to it. These anecdotal claims of a
possibility to dissociate selective visuospatial attention trom the
direction of gaze have recently been validated With quantitative
methods that allow a precise cost-benefit analysis of the vifects
of directed attention. The employment of the reaction time (RT)
method in investigating attentional influences on both detoction
and discrimination of targets presented in different locatiouns ot
the visual field has been particularly useful for this purpose



(Ericksen and Hoffman, 1972; Posner, 1978; Jonides, 1980). We shall
concern ourselves chiefly with the attentional modulation of RT for
the detecticn of a simple suprathreshold luminous target presented
alone in a nearly empty visual field.

SPEED OF RESPONSE TO LIGHT TARGETS AS A FUNCTION OF SPATIALLY
ALLOCATED ATTENTION

The pioneering experiments on this topic are those of Posner
and his colleagues {see Posner, 1978, 1980;: Posner, Cohen and
Rafal, 1982). While maintaining fixation, subjects show decreases
in reaction time (RT) for detecting targets at deliberately
attended extrafoveal positions, and RT increases for targets at
unattended extrafoveal positions, compared with a neutral or
paseline condition in which there is no potivation or instruction
to allocate attention to any specific target position. Sparial
allocation of attention is controlled in these experiments Dby a
central cue (e.g. an arrow) that precedes the target and provides
valid or invalid information about the probabilaty of target
occurrence at each possible location. The probability of target
occurrence is high for the cued position le.g.BO% probability of
target occurrence at the position indicated by the arrow) and low
for the other positions {(e.g.20% altogether). The condition in
vwhich the target appears at the cued position is called valid,
whereas the condition in which the target appears at non-cued
positions is called invalid. In additional trials the cue 1s
replaced by a signal (e.g. a cross) that indicates an equal
probability of stimulus occurrence at all positions {neutral
condition).

Phese findings have suggested the existence of a covert
orienting mechanism that can shift the focus of attention over the
visual field independent of ocular movements and can be
metaphorically described as a continuously orientable spotlight
{Posner, 1978, 1980). According to this view benefits trom valid
cuyes result from the spotlight being correctly aimed at the target
location before the presentation of the target itself, whereas
costs from invalid cues are linked with the necessary reorientation
of a misdirected spotlight after target appearance. Other
interpretations have instead supported the notion that spatially
directed visual attention involves the total or partial
concentration of processing resources at the selected visual field
location, as opposed to the even distribution of resources among
all possible target locations which is thought to be typical of the
peutral, attentionally uncommitted state {Jonides, 1983; Eriksen
and Murphy. 1987; Murphy and Eriksen, 1987). These accounts siress
the advantage that directed attention may confer to performance by
improving the extraction of information from the attended position,
but do not consider the possibility that enhanced performance may
derive from facilitated sensory-motor integration. Ve shall examine
this possibility by assessing the spatial distribution of the costs
and benefits of directed attention.

{Ericksen and Hoffman,

: 972; Posner, 1978; Jonides, 19E0). We shall
concern our;elves chlgfl with the attentional wodulation of RT for
the dgtect1on of a simple, suprathreshold luminous target presentud
alone in a nearly empty visual field. 4
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Thg pioneering experiment i pic are those of Posner
and his colleagues (s&e Posner 1980; Posner, Cohen and
Bafal, 1?82). While maintaining fixa¥ion, subjects show decreases
in reaction time (RT) for d ng targets at deliberately
attended extrafoveal positions, d RT increases for targets at
unattgnded extrafoveal positionsX compared with a neutral or
baseline condition in which ther no motivation or instruction
to allocate attention to any specibic target position. Spatial
allocation of attention 15 © in these experiments by a
cencrallcue {e.g. an arrow o that precedes the target cn
each t;lgl and provides vali invalidhor no information about the
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a cross) signals an efual probability of stimulu :
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. Thgse findingf have suggested the existence of a covert
o;1ent1ng._mechan'5m that can shift the focus of attention over the
visual Irleld independent of ocular movements nd can be
metaphorically /described as a continuously orientahle sﬁotlight
{Posner, 1978 1980). According to this view benefits from valid
cues ;esult fyom the spotlight being correctly aimed at\the target
location bg re the presentation of the target 1itsealy., whereas
costs !roy _valid cues are linked with the necessary redyientation
QE a mi .1rected spotlight after target appearance,. Other
interpret ions have instead supported the notion that atially
directed .v1sua1 attention involves the total or partial
concgptr tion of processing resources at the selected visual field
locatio . as opposed to the even distribution of resources \ among
all pogsible target locations which is thought to be typical the
neutrdl, attenticnally uncommitted state (Jonides, 198}; Eriksen
and Murphy, 1987; Hurphy and Eriksen, 1981). These accounts stress
Fhe,ﬁdyantaqe that directed atteution may confer to pexformanCc.\by
impfoving the extraction of information from the attended position
but_ do not congider the possibility that enhanced performance ma;
de;lve trgm.f§c1litated sensory-motor integration. We shall examine
this possibility by assessing the spatial distribution ot the costs
and benefits of directed attention.
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SPATIAL PATTERNS OF THE EFFECTS OF DIRECTED ATTENTION

Our method for analyzing the costs and benefits of the
voluntary allocation of attention fto a visual field locatioun
differs in important respects from the precuing paradigm typically
employed by Posner and coworkers. Their paradigm wmay be
unnecessarily complicated, first, because on each trial the subject
must interpret the cue before responding to the target, second,
because sampling errors may arise from the fact that there are many
more responses to attended than to unattended locations, and third,
because the performance of the subject may be guided more by
probabilistic operant conditioning than by a voluntary control of
attention.

He studied RT for detecting small £flashes of light under
conditions of egual probability of stimulus occurrence at all
possible locations, in the complete absence of pre-stimulus cues.
There were five possible stimulus positions, aligned along either
the horizontal or the vertical meridian of the visual field. One
position coincided with the fixation point, while the other
positions lay 10 and 30 degrees of visual angle on either side of
the fixation point. The constant response task involved a speeded
mahual key-press to a flash of light appearing at any position; the
variable attentional task changed from one block of trials to the
next, with five blocks of trials requiring a deliberate and
sustained allocation of attention to each of the five positions in
turn, one position per block, and another block destined for an
even distribution of attention among the five positions (diffuse-
attention condition). Fixation of the central position was
maintained troughout each trial. For each stimulus position
benefits were measured as differences between median RT in the
diffuse-attention condition and median RT 1in the attended
condition; costs were measured as differences between median RT 1n
the non-attended condition (that is when attention was directed
elsevhere) and medlan RT in the diffuse-attention condition.

Figure 1 illustrates the main aspects of the outcome of this
experiment and shows that the overall pattern of results did not
depend on the horizontal or vertical alignment of the stimuli. With
both stimulus arrangements we found the following:

1} all positions showed significant benefits from directed
attention. These were smallest for the central position,
intermediate for the intermediate position, and largest for the
most peripheral position, with no significant differences 1n
benefits between the right and left fields, and between the upper
and lower fields. There was however an overall RT superiority of
the lower field over the upper field;

2) when attention was allocated to an extrafoveal position [(e.9.
right internal or low internal), there were significant and equal
costs for both positions in the opposite field (i.e. both left or
both upper positions), but not for the other position in the same
visual hemifield (i.e. right external or upper external);

3) paying attention to the central stimulus induced costs in all



other positions, and these were significantly greater for the more
peripheral positions.

Possibly because of the elimination of the aforementioned
complications implicit in the precuing technique these results
compound partially contrasting findings from other cost-benef1t
analyses of directed attention using that technique. Thus our
finding of benefits limited to the attended position 4grees with
Downing and Pinker (1985) and Rizzolatti, Riggio, Dascola and
Umilta' (1987), but not with Hughes and Zimba {1985, 1987) who
found virtually no benefits from directed attention. The finding
that costs affect locations in the hemifield contralateral to the
hemifield containing the attended location, but not wunattended
positions in the ipsilateral hemifigld is in agreement with the
results of Downing and Pinker {198%) and Hughes and Zimba (1985,
1987), but not with those of Rizzolatti et al. (1987} who found
ipsilateral costs which however were vastly gmaller than
contralateral costs. Taken together all these investigations coucur
in supporting the claim that the main meridians of the visual field
act as dividers between a homogeneous cost area and a
dishomogeneous benefit area where benefits affect a restricted
location rather than the entire hemifield. When cost areas and
benefit areas are separated by the vertical meridiab one might
surpise that this spatial pattern is the result of interactions and
differentiationa between the activities of the two cerebral
hemispheres, each of which receives its primary visual input from
the contralateral visual field. However, the fact that the
description of this spatial pattern applies to the right and left
hemifields as much as to the upper and lower visual fields rules
out the possibility of an exclusive hemispheric interpretation,
since the upper and lower visual fields are represented in both
hemispheres (Hughes and Zimba, 1985, 1987; Rizzolatti et al., 1987;
Tassinari et al., 1987).

' Our explanation of these results is as follows. When attention
is selectively turned to a location, the head-start afforded to
nqtor reactions to stimuli from that location is associated with
widespread contrasting effects on allied and opposed response
tendencies. Even if the response under examination is pot directed
in space (such aa, for example, a key-press), it will nonetheless
be planned and executed within 3 general motor set whose spatial
frame of reference is the location of the attended stimulus.
Responses to stimuli in non-attended locations will require a
readjustment of the motor set and will be delayed in proportion to
the degree of difference or incompatibility between the required
notor‘set and the preexisting set. If for example one attends to a
location in the upper visual field and a stimulus occurs at an
unattended location in the lower field, the emission of a response
to this stimulus will call for a time-consuming reversal of the
prgexistinq upward directional motor bias. However, responses to
stimuli at unattended locations within the upper visual field
should require no directional respecification and only a vastly

less time-consuming amplitude respecification of the preexisting
motor set. Respecification of amplitude is indeed known to be much
faster than direction respecification in programs for saccadic
movements of the eyes (Hou and Fender, 1979) as well as tor rapad
movements of the hands (Rosenbaum, 1980}). According to this view,
the horizontal and vertical meridians of the visual f1eld would
serve as dividers between cost areas and bepnefit areas of directed
attention simply because they are the main polar axes for
specifying direction. This view can be examined further by
analyzing the spatial distribution of the inhibitory after-effects
of covert orienting.

INHIBITORY AFTER-EFFECTS OF EXTERNALLY CONTROLLED COVERT ORIENTIRG

In the precuing studies cited in the previous sectiou,
positiopal expectanciea for extrafoveal target positions were
induced by foveal cues that were remote from the cued positions and
therefore where apt to signal them solely by reference to a
predetermined system of symbolic relations connecting each cue to a
specific position. Positional expectancies thus generated are
thought to produce corresponding attentional gshifts by a conscious
and voluntary effort. The vsymbolic” cues resulting in voluntary
control of attention allocation have been contrasted with “spatial"
cues engendering positional expectancies because of their spatial
coincidence or contiguity with the cued position. It has been
suggested that under these conditions attention is attracted
automatically to the cued position without requiring a conscious
effort of the will, and that these automatic attentiomal shifts can
occur either overtly as orienting movements of the eyes, or
covertly when eye position remains fixed. Ia the latter case
attentiocpal shifta should be revealed by improved detection or
discrimination performance at the cued position (Jonides, 1983).
Discrimination or detection of structured visual targets is indeed
facilitated by spatial cues (Ericksen and Hoffman, 1972; Jonides,
1983).

However Posner and Cohen (1984}, Maylor (1985) and Maylor and
Hockey (1985} have reported an apparently paradoxical increase 1n
RT ({inhibition) for detecting simple luminous targets at the cued
position. We have extended their results by studying the spatial
spread of this inhibition in the visual field (Tassinari et al.,
1987; Berlucchi, Tassinari, Marzi and DPi Stefano,1988). In our
experiments subjects made a speeded manual key-pressing response to
the second of two successive light flashes in a pair, the cue and
the target, while maintaining fixation. Each of the two flashes
could appear at randem in one of four positions, two in the right
and two in the left visual Field, or two in the upper and two 1n
the lower visual fields. The stimulus-onset-asynchrony (S50A)
between cue and target was varied randomly between 0.2 and dor 5
sec.

our results confirmed the increase in RT to targets preceded by
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Neupopsychologia. 1988,

2 cue in the same position relative to RT to targets preceded Dby
cues at other positions. However, our results additionally showed
that inhibition affected not only targets presented at cued
locations, but also targets occurring in the visual half field
containing the cue. Inhibition from ipsilateral cues was long
lasting since it was seen with cue-targets asynchronies ranging
from 0.2 to 1.5 sec or more (Figure 2). Inhibition from ipsilateral
cues occurred between right and left fields as well as Dbetween

upper and lower fields, both across fixation and across points of
the vertical and horizontal meridians away from fixation, and
independently of the eccentricity of target and cue positions over
the explored range (from 1 to 10 degrees from the main meridians}.
We have described this inhibition as an effect which irradiates
from the cued location and arrives at the horizontal and vertical
meridians without crossing them (Tassinari et al., 1987; Berlucchi
et al., 1988). Thus, as in the case of deliberately allocated
attention, the spatial spread of these RT effects appears to be
limited by the main meridians of the visual field.

We have interpreted these effects in accord with the previously
described concept of directed attention as a mechanism acting at
the sensory-motor interface. Suddenly appearing extratoveal
luminous signals are strong stimuli for eliciting saccades toward
their location, but this oculomotor tendency must be suppressed 1n
experiments on covert orienting because fixation must be
maintained. This suppressive action is bound to have comrsequences
for more general motor adjustments. Important for our purposes 1is
the directional conflict between the command that inhibits the
natural ocular reaction toward a cue and the manual response to a
subsequent target occurring in the sanme henifield. It 1s
conceivable that by a process of generalization in the overall
motor sat the oculomotor command opposing movements toward the cue
can also retard manual responses to closely following targets from
that same direction. Ipsilateral inhibition is a toll to be paid
for being allowed tao dissociate the direction of attention from the
direction of gaze.

INFLUENCE OF EYE MOVEMENTS ON THE DISTRIBUTION OF ATTENTION

The essential functional significance of ocular motility 1s
that of aligning the fovea with the focus of visuospatial
attention. While, as we have seen in the foregoing, the focus of
attention can shift over visual space in spite of a complete
stillness of the eyes, it would seem reasonable that ocular
movements cannot occur without corresponding attentional shifts.
There is comsiderable evidence to support this association. For
example, according to Posner at al. (1987} and Rafal et al. {(1988)
brain lesions that impair the ability to move the eyes to a target
also slow down covert shifts of attention toward that target; and
Shepherd, Findlay and Hockey {(1986) have shown that in neurally
intact subjects the preparation to make a voluntary saccadic eye
movement inevitably involves the allocation of attention to the
target for the saccade. 1In fact by facilitating motor reactions to
the attended stimulus directed attention is likely to be a factor
in the control of eye movements to that stimulus.

On the above assumption that attending to a stimulus at a
location on, say, the right tends to facilitate responses to
stimuli from other right locations as well and to inhibit responses
to stimuli from the left, it can be suggested that a voluntary



movement of the eyes to an extrafoveal stimulus is preceded by an
attentional shift that may expedite motor responses not only toward
that specific stimulus, but also toward regions of the visual space
in the general direction of both stimulus and related ocular
movement., Stated differently, the directional {hemifield) patterus
of the spatial distribution of the costs and benefits of directed
visual attention should also be apparent upon aa attentional shift
causing a corresponding eye movement. The development of a similar
directional pattern during the programming of a saccade would
strongly argue for a cause-effect link between the attentional
shift and the ocular movement. This suggestion was tested 1n
studies carried out in our laboratory on normal subjects according
to the following experimental paradiga.

The task required that a voluntary saccade be pwade from a
central fixation point toward a continucusly present visual target
upon hearing a 1000 Hz binaural tone delivered through earphones.
In two experiments the target was to the right of the fixation
point in half experimental sessions, and to the left in the other
sessions. In another experiment the saccade was made to a target
positioned above or below the fixation point, again in separate
experimental sessions. In all cases the distance between the
fixation point and the saccade target was 10 degrees of visual
angle. The task also required a manual key-press immediately after
seeing a small flash of light, presented at different time
intervals after the auditory tone, either ipsiversively or
contraversively to the direction of the saccade. Ipsiversive and
contraversive were defined by reference to the current fixation
point and the direction of the intended ocular movement, The eyes
vere to remain on the target for the saccade until after making the
Xey-press response. The 50A between each auditory tone and the
subsequent flash could randomly take one of five values: 0.1, 0.3,
0.5, 0,7 {or 0.9) and 1 {or 1.5} sec. These values were chosen on
the expectation that at the first SOM (0.1 sec) the flash would
appear at a time when the saccade was being programmed but had not
yet begun, whereas at the other 50As the flash would appear after
the saccade had been termipated. The occurrence of ipsiversive and
contraversive flashes was equiprobable, and the flash position was
expected to be such that on each trial the two types of flashes
would occur equidistantly from the current fixation point, 1i.e. the
initial fixation point on the before-saccade trials and the final
fixation point on the after-saccade trials. Electrophysiological
monitoring of saccadic time-course through electro-oculographic
recordings confirmed these expectations save for the 0.3 sec SOA
at which in a non-negligible number of cases the saccadic movement
had not yet been completed and thus the eyes were not yet on
target. When equidistancy of ipsiversive and contraversive flashes
from current fixation point was ensured, in all trials with long
SOAs and in some trials with a 0.1 sec SCA the distance between the
current fixation point and the flash was set at 20 degrees, so that
ipsiversive flashes occurred well beyond the target for saccade; in
some other trials with a 0.1 sec SOA this distance was set at 10
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Figure 3, Advantage for ipsiversive over contraversive manual RT as &
tunction of SOA between the command for making a saccade and target. RT and

S0A in Bsac) verticel bars indicate standard deviations. The advantage
becones insigaificant at the 900 msec SOA.

degrees, in which cases the position of ipsiversive flashes
coincided with that of the actual saccade target.

COur working hypothesis predicted that ipsiversive flashes would
be consistently responded to faster than contraversive [lashes,
thus indicating a shift of the focus of attention in the general
direction of the saccade before and after the saccade itself. The
results presented in Figure 3 generally corroborate thas
prediction. There was a highly significant ipsiversive advantage
which depended on SOA, since it was maximal at the 0.1 sec SOA and
declined with increasing SOA to disappear completely at the 0.7 sec
SOA in one experiment and at the 0.9 sec SOA in another. The
following features of the results are most relevant to our
purposes: 1) the ipsilateral advantage seen when the flash position
coincided with the position of the saccade target was comparable to
that seen when the flash occurred in the direction of the saccade,



but well beyond its target; and 2) the pattern of results was the
same regardless of the horizontal or vertical arrangement of the

target array.

The fact that voluntary saccades are preceded and accompanied
by changes in speed of manual responses to stimuli as a function of
their position in the visual field is consistent with the 1dea that
saccades cannot occur without a rearrangement of the spatial
allocation of attention. Our results show that attention 13
allocated not only to the location which is the targat for the
saccade, but also to other locations in the general ditection of
the target. To the extent that an upvard saccade speads up manual
responses to stimuli in the upper visual field, and a rightward
saccade speeds up manual responses in the right visual field, these
effects are comparable to those observed in our «€xperiments on
voluntary and externally controlled covert orienting. Our account
of these effects is that an allocation of attention to a point in
space - i.e. a facilitation of motor responses to stimull from that
location - precedea and plays a causal role in the deneration of a
voluntary saccade to that location. Both the actual eye movement
and the facilitation of manual responses to stimuli i1n the attended
location {and from points in its general direction) are expréssions
of the motor set which is essential to directed attention.
Oculomotor readiness does not precede directed attention (see
e.g.Klein, 1980) but rather is a component of it.
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