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A B S T R A C T  

It has been proposed that saccadic eye movements to visual 
targets are preceded by covert shifts of attention to these 
locations. In this review, we discuss the evidence for this 
hypothesis and the role of brain regions in directing rapid shifts 
of attention and gaze. We suggest there is a common neural 
architecture mediating both these types of movement. 
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The h u m a n  visuomotor system is designed to explore the world rapidly. 
Per iphera l  vision serves to detect  novel events and summons  the  fovea, 
responsible for high acuity vision, to scrutinize these more closely. The t ime 
between first detecting an object at  the edge of the visual field and observing 
it with foveal vision is astoundingly short: jus t  over 200 ms. But only a very 
small  fraction of this is t aken  up with moving the eye. Wha t  happens  
during the res t  of this period - the saccadic reaction t ime - has  come to be 
the subject of great  in teres t  and debate. There is no a rgument  t ha t  par t  of 
the saccadic reaction t ime is a t t r ibutable  to regis ter ing and localising the 
object of interest.  There is also no doubt that  part  of the t ime must  be devoted 
to ac t iva t ing  the ocular motorneurone  pool in the b r a i n s t e m  which is 
responsible for shifting the globe appropriately within the orbit. But  does 
a t tent ion play any role in the events which occur in between? Why should 
anyone think it would? 

1. COVERT SHIFTS OF ATrENTION 

1.1. Posm~r p a r a d i g m  
Consider  f i rs t  wha t  happens  when we notice a novel object in the 

periphery but  make an effort not to move our eyes to inspect it more closely. 
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A number  of studies have investigated what  happens in this situation. 
When subjects fixate a central stimulus and are then cued to expect a novel 
event at  a peripheral location by transiently illuminating tha t  area, it has 
repeatedly been observed tha t  manual  reaction times to the onset of a 
stimulus at  the cued locations are reduced compared to those occurring at 
uncued areas (Posner, 1980). In other words, there is a benefit in response 
time if the stimulus appears at the cued location. If, on occasions, the cue is 
invalid so the stimulus appears at a location other than that  at  the cued one, 
manual  response times are increased. 

The hypothesis has therefore been advanced that  at tention is spatially 
selective and may best be thought as a 'spotlight'. Posner (1980) has argued 
that  when attention is cued to a location, the spotlight disengages from the 
fixation point and shifts to the cued area in anticipation of the stimulus. 
This is why short manual  response times occur when the st imulus is 
flashed there. If the cue is invalid, however, the spotlight of attention has to 
shift quickly from the invalidly cued zone to the area where the stimulus is 
flashed. Hence, the cost in increased reaction time. If this interpretat ion is 
correct, a t tent ion can clearly be oriented covertly, without simultaneous 
movement of the eyes. But does it normally play a role in the generation of 
eye movements or overt shifts of attention? 

1~2. Gap paradigm and express saccades 
Saslow (1967) first demonstra ted tha t  saccadic reaction t imes are 

subs tan t i a l ly  shorter  if the ta rge t  which the eyes are f ixat ing is 
extinguished before a novel target is presented, i.e. if there is a gap between 
these two events. In more recent years, Fischer and his colleagues have 
replicated and investigated this effect in more detail. They call these fast 
saccades, which have reaction times o f - 1 0 0  ms, express saccades (see 
Fischer, 1987). 

Fischer has proposed that  express saccades tell us something about the 
normal role of attention in directing eye movements. He suggests tha t  before 
a saccade can be made to a novel visual target, attention first needs covertly 
to disengage from the current fixation point, shift to the new target  and 
engage it  (Fischer, 1987; Fischer & Weber, 1993). This takes t ime and 
contributes to the durat ion of the normal saccadic reaction time. If, 
however, the fixation point is extinguished prior to target onset, attention is 
already disengaged when the target  is flashed. So, the overall saccadic 
reaction time (measured from target onset) is reduced. 

The parallels between Posner's model of covert at tention and Fischer's 
theory of directed attention in saccadic eye movements are very apparent.  
Attention can clearly be directed without moving the eyes, but  Fischer 
suggests a saccadic eye movement to a visual target first requires attention 
to move covertly and engage it. The idea is obviously appealing because it 
proposes a mechanism common to both the visual and oculomotor systems. 

1.3. Why do express saccades occur? 
A theory such as Fischer's is eminently testable, but unfortunately it still 

remains  controversial. Many laboratories have failed to record saccades 
with express latency and a nagging worry has developed tha t  express 
saccades may be anticipatory movements to predictable targets.  In other 
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words, they represent eye movements which are planned in anticipation, 
and not as a consequence, of target onset. Fischer has argued strongly 
against such an interpretation by demonstrating that  express saccades may 
be recorded when target location and timing is unpredictable (Fischer & 
Weber, 1993). 

Some laboratories have been successful in documenting express eye 
movements. However, the interpretation of why they occur varies. Reulen 
(1984) suggested that  fixation stimulus offset leads to faster sensory 
processing of an eccentric visual target, i.e., it is easier to detect a target in 
a blank field than in the presence of a fixation point. Others have argued 
that  fixation offset acts specifically to prepare the oculomotor system, so- 
called 'oculomotor readiness', because saccadic latencies are reduced in 
certain gap paradigms when manual response times are not (e.g., Reuter- 
Lorenz et al., 1991; Reuter-Lorenz & Fendrich, 1992). This dissociation 
suggests the gap between fixation offset and target onset facilitates the 
saccadic system but not attention in general. 
Perhaps the strongest evidence for an effect specific to motor systems 

comes from recent experiments conducted by Kingstone and Klein (1993). 
These investigators elegantly integrated into gap paradigms the cost-benefit 
analysis for manual response times Posner used to study covert attention. 
Using visual cues, they sought to shift attention covertly away from the 
fixation point and see if this had any effect on saccadic or manual reaction 
times. If attention is already disengaged from fixation and engaged on 
another stimulus, saccadic and manual reaction times should be reduced 
only when the attended stimulus is extinguished prior to target onset. 
The results show that saccadic latencies, but not manual response times, 

are reduced when the fixation stimulus is extinguished prior to target onset 
irrespective of where attention is allocated. Offset of non-fixation stimuli 
which were covertly attended to had some, but significantly less, impact on 
reducing both saccadic and manual response times. But so did the offset of 
control unattended stimuli. Kingstone and Klein (1993) argue these results 
demonstrate two factors. First, offset of fixation stimuli reduces only 
saccadic reaction times so this appears to be an effect specific to the 
oculomotor system. Second, offset of other stimuli in the visual field reduces 
both saccadic and manual reaction times. This may represent an effect on 
motor preparation in general. Movements of covert attention, they argue, 
cannot explain their data. 
Although this study is a remarkably careful assessment of the role of 

covert attention in the gap paradigm it has one shortcoming as an attack on 
the Fischer hypothesis: the mean latencies of the saccades were much 
longer than express movements. It could easily be argued that the brain 
events which occur in complex paradigms designed by Kingstone and Klein 
are fundamentally different from those which are responsible for 
generating express saccades. The alternative view is that express saccades 
tell us nothing useful about attention and only about the anticipatory 
capabilities of the human oculomotor system! Clearly, the gap paradigm is 
going to continue to be a rich source of investigation and controversy. But is 
there evidence from any other type of non-gap experiment that attention is 
first allocated to a peripheral visual target before the eyes move to engage it? 



168 M. Husain and C. Kennard 

1.4. Do shifts of attention precede saccadic eye movements? 
The first piece of evidence a cynic would wish to consider is whether  

saccadic latency is affected by directing attention to a point in space. 
Although some studies failed to demonstrate an effect, it is now clear that  
saccadic reaction times to cued locations can be significantly shorter than to 
uncued ones (e.g., Crawford and Muller, 1992; Shepherd et al, 1986). The 
differences are small - of the order of 20-30 ms - but cannot be accounted for 
by a fixation offset effect. Is there any other evidence that  at tention and 
saccadic eye movements are associated? 

Nissen, Posner and Snyder (see Posner, 1980) asked subjects to make 
saccadic eye movements to a peripheral stimulus which appeared 7 degrees 
either to the left or right of fixation. In the same experiment, they measured 
manual  reaction times to the onset of a probe stimulus which could be 
flashed at varying times either at the fixation point or near the saccade 
target. Mean saccadic reaction time was >200 ms. When the probe was 
presented at the same time as the saccade target, manual response times 
were the same irrespective of where the probe appeared. However, when the 
probe was presented >100 ms after the appearance of the saccade target, 
manual  response times were significantly shorter if it appeared near the 
saccade target than at fixation. 

Remington (1980) used a similar paradigm but asked his subjects to detect 
a 3 ms increment in luminance. Increased sensitivity to increments at  the 
target location occurred within 100 ms after target onset, again well before 
eye movements occurred. These results suggest tha t  a t tent ion moves 
covertly to a target  before the eyes do. But must  it? Can at tention be 
dissociated from eye movement when a saccade is about to be made? One 
approach to answering this question is to direct attention away from the 
direction of an eye movement. At least three groups of experimenters have 
attempted to investigate this. 

Shepherd and his colleagues measured manual response times to probe 
visual stimuli, either with the eyes remaining fixated or when saccades 
were made to visual targets (Shepherd et al, 1986). In one condition subjects 
were cued by a central arrow to shift attention toward a location which had 
only 20% probability of a probe appearing there subsequently. On 80% of 
trials the probe would appear at a point equdistant away from the fixation 
point but in contralateral space. Probes could appear at various times 
(stimulus onset asynchronies) after the onset of the cue. When subjects 
were asked to keep their eyes fixated it was found that  manual responses to 
the probe stimuli were much faster if they appeared on the uncued side. In 
other words, subjects mentally reversed the direction of the cue arrow and 
appeared to shift at tention to the uncued side which had the higher 
probability of probe appearance. 

If subjects were instructed to make a saccadic eye movement to the cued 
location the pat tern of manual response times was very different. In this 
condition, the eyes were instructed to move in the direction opposite to the 
likely position of the probe in 80% of t r ia ls .  If a t tent ion can shift 
independently of the eyes, it ought still to be possible to allocate it to the 
uncued side whilst the eyes move toward the cued side. This does not appear 
to be the case because manual responses to probes appearing at the location 
of the saccade target were significantly shorter than those at the uncued 
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side until well after the saccade had been completed. The interpretation of 
the investigators is that making a saccade necessarily requires attention to 
be allocated to the target position (Shepherd et al, 1986). 

Quite the opposite conclusion has been advanced by Klein (1980) and 
Posner (1980) for the results of their own experiments which also required 
attention to be oriented away from the direction of eye movement. Using 
probe paradigms they found evidence to suggest attention could move in the 
direction opposite to eye movement. They therefore concluded that  
movements of attention do not necessarily have to precede eye movements to 
visual targets. 

The problem with all these experiments is that they are complex and 
demanding of the observer. Perhaps the fairest summary of the evidence to 
date is that, under certain conditions, attentioncan be dissociated from eye 
movement when a saccade is about to be made but this is unlikely to occur 
normally in human visuomotor behaviour. Nevertheless, once it is accepted 
that movements of attention are not mandatory for eye movements it follows 
that neural mechanisms underlying these behaviours need not converge 
and may be completely separate. Our interpretation is not so extreme. There 
is ample evidence, we believe, that the neural systems involved in directing 
covert attention and eye movements to visual targets are normally not 
completely parallel (see also Rizzolatti et al., 1985). 

2. NEURAL ARCI~I~CTURE OF DIRECTED A T r ~ T I O N  

2.1. Role of postexior parietal cortex 
In order to find convergence of neural systems subserving attention and 

oculomotor control one has to consider whether there are brain regions 
which appear to be involved in both processes. It has long been suspected 
that the posterior parietal cortex (PPC) of man is somehow involved in 
perception, directing attention and motor control. B~ilint (1907) first 
described a patient with bilateral infarcts of this area who experienced 
difficulty in noticing novel visual stimuli in the environment around him. 
On cursory examination the patient appeared to have a fixation of gaze but it 
soon became apparent that he did not have a gaze palsy; he simply did not 
notice visual objects which were not located in central vision. Even when he 
did notice them, the patient had great difficulty in shifting gaze from one 
object to another (see Husain & Stein, 1988). 

Holmes (1918) described patients with lesions of the parietal lobes who had 
difficulty in maintaining fixation or moving gaze. Some of them also 
suffered from an impairment of visual localization, "groping ..... in a 
manner more or less like a man searching for a small object in the dark". 
Since these early investigations, a number of other syndromes - perceptual, 
attentional, motor, or a combination - have come to be associated with injury 
to the PPC (see DeRenzi, 1982; Husain, 1991). However, it has not been until 
relatively recently that the contribution of the PPC to directing attention and 
eye movements has been scrutinized in detail. 

Posner and his colleagues studied how patients with unilateral parietal 
lobe injury perform on cueing tasks which require them covertly to shift 
attention. The patients performed reasonably well except on trims with 
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invalid cues presented in the visual field ipsilateral to their lesions. On such 
occasions, subjects have to redirect attention from the ipsilaterally cued 
location to the contralateral field where the target appears. Patients appear 
to have trouble disengaging attention from ipsilateral locations and moving 
it in the opposite direction (Posner et al, 1984, 1987). Damage to the parietal 
cortex also leads to difficulties in directing attention if the visual field is 
diffusely illuminated transiently before a target for covert attention is 
presented (Petersen et al, 1989). Investigations of saecadic eye movements to 
visual targets after brain injury also suggest a special role for the parietal 
cortex in directing overt shifts of attention. Damage to this area produces 
significant increases in saceadic reaction time to visual targets (Pierrot- 
Deseilligny et al., 1991) and, interestingly, reduces the frequency of express 
saccades (Braun et al., 1992). 

Many of these effects appear to be relatively specific to parietal lobe 
damage but clearly the PPC is not essential for these activities since they 
can be performed, albeit less swiftly or effectively, after it has been injured. 
Is there evidence from any other source that the parietal cortex is normally 
involved in shifting attention both covertly and overtly? In humans, scalp 
recordings have eonsistenly demonstrated a negative potential over the 
parietal  cortex which occurs -100-200 ms after a visual event. The 
amplitude of this N-wave is enhanced when subjects attend to a location 
(e.g., Van Voorhis & Hillyard, 1977). There also appears to be activity over 
human parietal cortex prior to a visually-guided saccadie eye movement. A 
premotor positivity can be recorded 100-200 ms before the saccade and this 
appears to be maximal over the PPC (e.g., Kurtzberg & Vaughan, 1982; 
Thickbroom & Mastaglia, 1985). 

Positron emission tomography (PET) has also been employed to image 
brain function whilst normal human subjects shift attention or their eyes to 
visual targets. Activation of the superior parietal and superior frontal 
cortices was observed when subjects covertly shift attention to peripheral 
locations (Corbetta et al.,1993). If they are requested to make eye movements 
to visual targets there is again activation of parietal and frontal regions 
(Fig.l) (e.g., Anderson et al.,1994). 

Electrophysiological recordings from rhesus monkey PPC have also 
contributed to our understanding of neural systems underlying shifts of 
attention and eye movement to visual targets. 'Light-sensitive' cells in area 
7a of the PPC have large receptive fields. They respond to the onset of novel 
visual stimulus and their firing is enhanced if the animal has to attend 
covertly to it (Bushnell et al., 1981; Mountcastle et al., 1981, 1984). The 
responses of these neurones is modulated by eye position and they may be 
involved in encoding the location of an attended visual stimulus in head- or 
body-centred coordinates (Andersen et a/.,1985, 1993). 'Fixation' neurones 
discharge when an animal fixates upon a visual object of interest but their 
activity falls dramatically when a saeeade is made (Yin & Mountcastle, 
1978). They too are modulated by eye position (Sakata et al., 1980). The firing 
of cells in the adjacent lateral intraparietal area (LIP) appears more related 
to saccadic eye movements, i.e., overt shifts of attention to a visual target. 
On average this activity occurs -10 ms before a saccade but some cells 
appear to discharge much earlier before the movement (Barash et al.,1991; 
Duhamel et a/.,1992). 
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Figure. 1. Comparison of adjusted mean regional cerebral blood flow 
between 'reflexive' saccades to visual targets and fixation displayed as 
statistical parametric maps (SPM) in sagittal, coronal and t ransverse 
projections, a, Frontal  eye field; c, peripheral striate and extra-striate 
cortex; e, area 7 of the posterior parietal cortex (see Anderson et al., 1994). 

This survey of the evidence from studies conducted in humans and 
monkeys demonstrates the involvement of the PPC in both directing 
attention and eye movements to visual targets. But what exactly is its 
contribution? Although the answer is not clearly established, it has been 
suggested the PPC is involved in several aspects of sensorimotor 
transformation: localizing objects in head- or body-centred coordinates, in 
directing focal attention across such representations of space and 
computing movement vectors between target position and current eye 
position (Andersen, 1987; Husain, 1991; Lynch, 1980; Mountcastle et 
al., 1984). Whether these activities represent separate neural operations or 
the same one is not yet clear. Furthermore, some investigators remain 
hesitant  to interpret  their findings as 'premotor' activity within the PPC 
(e.g., Duhamel et a/.,1992). 

2~ Role of pulvinar 
The pulvinar nucleus of the thalamus is another area of the brain which 

appears to demonstrate responses related to both the directing of attention 
and eye movements to visual stimuli. Electrophysiological recordings from 
this area in monkey have demonstrated responses to visual stimuli. As in 
the PPC, the firing of these neurones is enhanced when the animal covertly 
directs attention to such stimuli or moves its eyes to engage them (Petersen 
et al., 1985). Furthermore, when muscimol, an analogue of the inhibitory 
neurotransmitter GABA, is injected into the pulvinar, monkeys have 
difficulty in shifting attention into the contralateral field (Petersen et al., 
1987). There is little data on the role of the pulvinar in humans. PET studies 
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have failed to demonstrate any activation of this area in cueing tasks 
(Corbetta et al., 1983), but patients with injury to this region appear to have 
difficulty in responding to visual targets in the contralateral field (Rafal et 
al., 1987). 

Perhaps it is not surprising to find that the pulvinar and the PPC have 
very strong reciprocal connections. Clearly, the neural operations these 
regions perform are closely related, but the exact contribution of the 
pulvinar to directing attention or eye movements is even less well 
understood than that of the PPC. Posner and his collegues have suggested 
that it plays a role in engaging a visual target whilst the PPC serves to 
disengage attention from the current focus of interest. However, our 
analysis of the very scanty data does not allow us to say with certainty that 
these regions play such distinctively separate roles. 

2 ~  Role of superior colliculus 
By contrast to the PPC and pulvinar, the superior colliculus appears not 

to have attention-related responses. Neurones in this region appear to 
respond to visual stimuli but show no enhancement when attention is 
covertly directed to them. They do, however, demonstrate activity prior to 
saccades to visual targets and appear to encode the motor error between 
current eye position and the eye position required to foveate a visual 
stimulus (Goldberg & Wurtz, 1972; Sparks, 1986; Wurtz & Mohler, 1974, 
1976). Within the colliculus there are 'fixation' neurones with 
characteristics similar to the ones in area 7a of the PPC. Injection of 
muscimol into monkey superior colliculus impairs fixation and leads to an 
increase in the number of express saccades (Munoz & Wurtz, 1992). 

The superior colliculus has strong connections with the PPC via the 
pulvinar. The layers of the colliculus which receive direct projections from 
the retina relay probably visual information to area LIP, whereas non 
retino-recipient layers  project to area 7a perhaps updating spatial 
representations about saccadic eye movements (see Andersen, 1987). The 
retino-colliculo-pulvinar-parietal pathway may be a fast system involved in 
orienting attention and planning eye movements to a novel visual stimulus. 
The pathway from area LIP to the superior colliculus may be important in 
generating the saccadic eye movement required to engage it. 

Because neurones within the colliculus are not influenced by covert 
attention, this region is not a site of convergence of mechanisms involved in 
directing attention and saccadic eye movements. It is now generally 
accepted that the superior colliculus is one important premotor output area 
for visually-guided saccades. The frontal eye fields is another such region. 
Ablations of either superior colliculus or frontal eye fields do not prevent 
saccades to visual stimuli, but injury to both renders animals incapable of 
making such movements (Schiller et al., 1980). 

2.4. Snmmar~] of Neural ~ t e c t u r e  
'The main function of the peripheral part of the retina is that of sentinels 

which, when beams of light move over them, cry: "Who goes there?" and 
calls the fovea to the spot,' remarked William James (1890). We suggest 
there is sufficient evidence to conclude that the PPC, pulvinar and superior 
colliculus form part of the core neural architecture normally responsible for 
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directing at tent ion and gaze to visual targets. This group of s t ructures  
subserves the role of 'sentinel' in the primate visual system. 

The PPC has 'light-sensitive' neurones with large receptive fields which 
respond to novel visual stimuli in the visual surround. These may be 
responsible for mapping space in non-retinotopic coordinates, e.g., in head- 
or body-centred frames of reference, and directing focal at tention within 
such representations.  'Fixation' neurones within the parietal  cortex and 
superior colliculus may be part of a system involved in holding attention on 
a visual stimulus once it has been engaged. Other cells, such as those in 
area LIP of monkey, may be involved in computing motor vectors in non- 
retinotopic frames of reference. These vectors may be passed on to the 
superior colliculus where fur ther  sensorimotor t ransformat ions  occur 
before command signals are t ransmi t ted  t o  bra ins tem eye movement  
generating structures. 

The visual input to the PPC may be via extrastriate cortex but another 
important  source of information appears to be the retino-collicular system. 
The contribution of the pulvinar, which is located between PPC and 
superior colliculus is less dear ,  but its connectivity to both structures and 
attention-related neural responses suggests it plays an important role in the 
'sentinel'  system. Saccades to visual targets can be made without  this 
system but this requires visual information to be t ransmit ted to the frontal 
eye fields. Neurones in this region of the brain do not show enhancement  
with covert attention but appear to have a more direct premotor role like the 
superior colliculus (Goldberg & Bushnell, 1982). Perhaps this parallel 
system through the frontal eye fields explains why the generat ion of 
visually-guided saccades is not completely abolished by lesions of the PPC or 
superior colliculus. 

3. CONCLUSION 

In this review he have concentrated on only saccadic eye movements. We 
started with a simple question: What happens during the saccadic reaction 
time? We have presented evidence which suggests focal at tention normally 
engages a visual stimulus before a saccade is made to foveate it. Attention 
can be directed without making an eye movement and, under  certain 
circumstances,  in the direction opposite to an eye movement.  So, the 
directing of focal attention does not automatically lead to the generation of a 
saccade and the two processes can be dissociated. 

Nevertheless, attention normally appears to shift to the target of a saccade 
before the eye movement is made. It therefore seems to be an important  
early step in preparing an eye movement. Exactly what this means in terms 
of neural  operations or representations is unclear but our understanding 
may improve with further analysis of the contributions of the posterior 
parietal cortex, pulvinar and superior colliculus. These areas of the brain 
appear  to be par t  of a system which is normally involved in orienting 
attention and the fovea to novel visual stimuli. We suggest the computations 
performed within this 'sentinel' s y s t e m -  attentional,  sensorimotor and 
motor - are likely to be responsible for part of the time required to generate a 
visually-guided saccade. 
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