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Abstract-The accuracy of saccades directed towards the remembered positions of targets in left 
(LVF) or right (RVF) visual hemifield was measured. The majority of right-handed subjects were 
found to be more accurate at directing their gaze to locations in the LVF than in the RVF. suggesting 
that the right hemisphere is superior to the left in oculomotor control. Even after completion of a 
corrective saccade following the primary saccade, subjects systematically undershot target direction 
and overshot target depth, suggesting that visual feedback normally plays an important role in the 
fine guidance of gaze after the completion of a primary saccade. 

INTRODUCTION 

KIMURA [27] first reported that subjects localize small visual stimuli more accurately in the 
left visual hemifield (LVF) than they do in the right (RVF), suggesting that the right 
hemisphere may have a special role in perceptual localization. Although Kimura’s results 
have been confirmed by some investigators [28,29,44] others have either failed to show any 
differences in accuracy between the hemifields [4,7,8] or have even demonstrated a RVF 

advantage [41]. 
In these perceptual experiments, subjects were required to judge the remembered position 

of a visual stimulus with respect to another visual cue, e.g. a grid pattern. However. by far the 
largest percentage difference in performance between the hemifields has been found on a task 
which requires subjects to point to targets without visual feedback of the hand. GUIARD et al. 
[20] showed that pointing, with either left or right hand, can be 25% more accurate in the 
LVF than it is in the RVF (cf. 7.5% in Kimura’s Experiment 5). This finding may reflect 
differences in visuomotor localization between the hemispheres. Alternatively, it may be due 
to a superiority of the right hemisphere for manipulo-spatial ability [14]. 

In the study presented here, we investigated whether differences in accuracy between 
hemifields can be demonstrated in another type of visuomotor behaviour, the directing of 
saccadic eye movements. We show that a LVF advantage can be demonstrated for most 
right-handed subjects when they are asked to make saccades to the remembered position of 
visual targets. i.e. without the aid of visual feedback. This result, in conjunction with the 
results of the pointing experiment of GUIARD et a/. [20], suggests that the right hemisphere is 
specialized for visuomotor control. A preliminary report has been published in abstract form 

CSI. 
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METHODS 
Saccades of amplitude > 7.5 are usually executed in two steps-a primary movement. followed by a corrective 

saccade [24]. The question arises as to whether saccades are normally pre-programmed in two steps or whether the 
corrective movement results from the regtstration ofan error by the oculomotor system. There is evidence that visual 
information presented during a saccade may be used to direct a corrective saccade after the primary mov’ement 
[Zl, 221. Therefore. measurement of the total angular excursion of the eyes (i.e. primary + corrective saccade) with 
the target continuously lit is not a good indicator of where the target IS nntially locahzed by the oculomotor system. 

But it has also been found that subjects make corrective saccades when directmg their gaze to the remembered 
position ofvisual targets [3, 491. i.e. in a situation where there is no visual feedback either during or after the primary 
saccade. This may be because the saccadic system preprogrammes movements in two steps. If this is so. the 
amplitude of the primary saccade alone is also unlikely to be a good measure ofspatial localization. Therefore. m this 
study. we have measured the accuracy of the total excursion of gaze tie. primary + any correctivjc saccade) when no 
visual feedback was available during or after the saccade. 

Twenty right-handed subjects. 10 males and 10 females. aged between 20 and 23. were studied (mean lateralit! 
quotient =78 on Edinburgh Inventory; [37]). All had normal vision. SubJects sat at a viewing distance of 50 cm 
from a monitor screen. Their head movements were restricted by means ofa bite-bar. They were required to fixate 
a central spot (subtending 0.04. at the eye) which wsas presented at eye level for’two seconds. after which it was 
extinguished. 

Subjects continued to fixate centrally in the dark for a further second until a small target light (also 0.04 ) 
appeared for 100 msec at positions which were randomly varied between 2.5 and 10 horizontally to the left or right 
of the midline. Subjects were required to move their eyes to the point at which the target had flashed. They returned 
fixation to the central spot when it reappeared 2 set after the target had been extinguished. Since mean saccadic 
reaction time in this paradigm was 280 msec, subjects were making saccades to the remembered positions of targets. 
We find no evidence of express saccades of latency < 150 msec when naive subjects perform this task. 

We used this particular delayed saccade protocol with a 1 set wait period tn order to eliminate any visual cue (left 
by persistence) of the central fixation light. Although small microdrifts occur durmg the wait period. there are no 
systematicdrifts to the left or right within individuals. Targets vvithin the central region ofvision ( < k 2.5 ) were not 
used because this area of the visual field, or part of it. may be represented in the primary visual cortices of each 
hemisphere through either callosal or direct geniculostriate connections [9. 251. It should be noted. however. that 
callosal transfer may be responsible for much larger representations of the ipsilateral visual hemifield in extrastriate 
cortical areas [Z. 19, 521. 

The subjects were given ten practice trials to famiharize themselves with the task. They then performed three 
blocks of 30 trials. The same pseudorandom sequence of target positions was presented to each SubJect. There were 
44 targets in the LVF and 46 in the RVF. The distribution of targets in each hemifield was not significantly different. 

The position of each eye was recorded throughout each block oftrials usrng an infrared photoreflectometer. which 
we calibrated to possess a resolution ofO.06 degree of arc (see also [50] ). Tvvo frequency modulated infrared beams 
were projected at the high contrast border betvveen the sclera and iris. The radiation refIccted back was measured by 
two small sensors. The differential of the phase-locked. amplified transducer signals provsides. within k 1 I . 3 
sensitive and linear measure of horizontal eye position [50]. Calibrations were performed before each block of trials. 

Eye position was measured 200 msec after the completion ofeach saccade. This procedure allowed us to take into 
account any corrective saccade that might follow the primary movement. Post-saccadic eye position was compared 
with the eccentricity of the target in each trial in order to determine the accuracy of localization. 

All SubJects made disjunctive saccades, i.e. the movements ofeach eye were not ofexactly the same amplitude. so 
that the point of fixation lay either slightly in front of. or behind, the plane of the display. DitTerences between the 
visual hemifields for both version (direction) and vergence (depth) accuracy were thcrcfore nnalysed. Details of 
computations are given with Fig. I. 

RESULTS 

Since there were no significant differences in the distribution of targets between the 
hemifields, an estimate of overall accuracy in the LVF or RVF was obtained simply by 
collapsing the data for each hemifield across eccentricities. These results were further 
analysed in terms of the constant (mean) error. i.e. systematic under- or overshoot, and the 
variable error, i.e. the stndard deviation, of version and vergence measures. 

Constnnt err01 

Overall. subjects tended to undershoot the direction of the target; the mean constant error 
was 0.21 version (referred to as -0.21 ) which corresponds to an underestimate of target 
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Fig. I. The amplitude of the saccade (+corrective movement. if present) made by each eye was 
computed. These are denoted angles L and R. for left and right eye respectively. L and R give 
deviations from straight ahead of a line of sight drawn from each eye to the plane of the display. The 
angle subtended between the target and a perpendicular drawn from the mid-pupillary position is 
denoted T. The accuracy of localization in the plane of the display was determrned by computing 
((L- 7)+ (R- 7))/2. This gives the directional error in degrees of version. The angular vergence 
error, I(;-/I) was computed by solving for r. smce r=;-/I By simple geometry Z= tan(50 i)- 
tan(d,:i). where i is half the interpupillary distance and d is the distance in cm from the interocular 
plane to the plane oflocalization. Using similar triangles (shaded)and solving for tan R. it can readily 

be shown that d=X(tan R-tan L(X’50)). 

position of 3% over all target locations. In depth, subjects tended to overshoot the target by 
0.10 vergence (Table 1). Analysis of variance (hemifield x sex) with constant error as the 
dependent variable revealed no significant differences between hemifields or sexes for either 
version or vergence: nor was there a significant interaction between these variables 

[F(l. 36)< 1.4. P>O.2]. 

Significant differences did emerge, however, upon analysis of variable errors (standard 

deviations) both in version and vergence. 
For version. the mean variable error in the LVF was 0.57 . whereas in the RVF it was 0.72“ 

(Table 2). Analysis of variance (hemifield x sex) revealed that the difference between 
hemitields was significant [F( I, 36)=8.3, P<O.Ol] but, again. there was no effect of sex 
[F (I. 36)=O.I ). Nor was there any significant interaction between these variables 

[F(I. 36)=0.6]. 
For vergence. the mean variable error was 0.79 in the LVF and 0.95 in the RVF. Analysis 

of variance once again demonstrated that the LVF advantage was significant [F (1. 36) = 4.7, 
P<O.OS] and no effect of sex [F (I. 26)=0.6]. But there was a trend towards a significant 
sex x hemifield interaction [F (I. 36)= 2.2. P=O. I]. Close inspection of the vergence 
variable error data (Table 2) shows that whilst males were more accurate in the LVF than in 
the RVF (0.76 vs I .03 ) females tended to perform equally well in both (0.81. and 0.86’ in 
LVF and RVF respectively). Moreover. their performance was at about the level of 
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Table I. Constant errors m dlrectlon nnd depth 
pooled xros~ txget eccentrlcitles for each subJect 

(21 Constant error m directIon tiersion degrees) 

FcIlXlle~ M3k\ 
LVF R\‘F LVF RVF 

(b) Constant error in depth (\erpencc degrechl 

Femalea MAC\ 
LVF RVF L\‘F R\‘I 

Mean 
SE 

0.11 0.93 0.0s 0.24 
0.22 - 0.03 ~0.0’ - 0 4’) 

0 49 0.h2 PO.1 I -0.1 I 

- 0.08 PO.3 0.1-l 0.36 

-02x 0.39 0.00 PO.12 

-0.20 - 0.72 0.57 0.25 

O.hh - 0.75 po.o: 0.1 i 
po.3: 0.3R ~0.72 0.72 

0.20 po.5x 0.:2 o.ii 
0.21 - 0.0.3 - 0.1 I I.16 

0.1 I - 0.02 0.01 0.21 
0.10 0.1’) 0.1 I 0 I5 

accuraq of males in the LVF. In short. the trend towards ;I significant scs x hcmilield 
interaction for vergence errors was due to ;I difference bctwcen the scxcs in pcrformancc in the 
RVF: in this hemitield males were less accurate than kmales. 

Only tkvo subjects. both females (female subjects 7 and X in Table 2). sho\ved lower 
variable error for version and vergence in the RVl-’ than in the LVl- 

Although overall accuracy in each hemifield rcvcaled dill’ercnccs in variable error bctwccn 
LVF and RVF, it is of some interest to know if this asymmctr~ changed with eccentricity. 

I trritrhle errors in version and vergence incrcascd with target occcntricity in both 
hemifields (Fig. 3). Moreover. the gradients of the error-eccentricity functions for the RVF 
were significantly larger than those for the LVF (for version. I = - 3.56. I’< O.OOI: for 
\ergence. t = -6.75. P<O.OOl ). That is. dif~crcnccs bctb+ccn the hcmificlds in variable error 
increased \vith target eccentricity. Details of regression arc gven with Fig. 2. 

Plots of co1~~f~u7~ error against target eccentricity also re\eal interesting relationships. For 
\,ersion. the magnitude of the u~I~/~~~~s/u~~~ incrca~cd with ccccntricity. Furthcrmorc, it 
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Table 2. Variable errors m dIrectIon and depth 
pooled ucroa target eccentricities for each subject. 

The order of subjects is retained rrom Table 1 

(a) Varlahle error In direction 1 version degrees j 
Females Male5 

LVF RVF LVF RVF 

0.36 0.51 0.69 0.80 
0.54 1.1x 0.32 0.4 I 
0.58 0.85 0.79 0.9 I 
0.57 0.90 0.43 0.76 
0.54 0.6X 0.56 0.69 
0.56 0.84 0.35 0.76 
0.54 0.45 0.76 0.X? 
0.74 0.45 0.75 0.65 
0.53 0.97 0.56 0.55 
0.59 0.71 0.58 0.57 

Mean 0.56 0.75 0.58 0.69 
SE 0.03 0.08 0.05 0.05 

(b) Variable error in depth (vergence degrees) 

Females Males 
LVF RVF LVF RVF 

0.53 0.9 I 0.x4 1.47 
0.85 1.13 0.50 0.66 
0.86 0.93 0.84 0.62 
0.9 1 0.70 0.6X 1.1 I 
0.84 0.90 0.53 0.x7 
0.46 0.89 0.63 0.78 
0.74 0.50 0.76 0.95 
1.19 0.72 0.63 1.13 
0.92 I.21 1.17 1.26 
0.82 0.74 0.99 I .47 

Mean 0.81 0.86 0.76 I .O! 
SE 0.07 O.O? 0.07 0.10 

increased significantly more in the RVF than in the LVF (top panels of Fig. 3; r=4.80, 
P<O.OOl ). For vergence, the magnitude of the OIYYS~ICN~~ increased with target eccentricity. 
However. for this measure. there was no significant difference between the error-eccentricity 
functions in each hemifield (lower panels of Fig. 3; f = 1.62, P>O. 1). 

We considered the possibility that the differences between the error-eccentricity functions 
in each hemifield were due to the performance recorded for the larger eccentricities in the 
RVF. However, removal from the data-base of the eight largest target eccentricities in the 
RVF makes little difference to the results. 

Tlw ~.~I~~fio~~.sl~ip hrt\twrl c~‘~‘o~‘s in wrsioiz cud rqpwc 

The above analysis suggests that variable error in version and vergence may be related 
since both increased with target eccentricity. Exactly how were theerrors in version related to 
those in vergence’? 

Figure 4 illustrates the version-vergence relations for variable error. These are shown 
separately for each hemifield because the gradients differ significantly (r = - 5.63, P<O.OOl). 
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Fig. 2. Variable error (VE) plotted against target eccentricity in LVF and RVF. The top panels show 
the relationship for errors in direction (in angles version); the bottom panels for errors in depth (in 
angles vergence). In both cases,error increases significantly more with eccentricity in the RVF than in 
the LVF. I.e. asymmetry increases with target eccentricity. For version, the lines of best fit are given by 
~~=0.07~+0.27,r2=55.9(inLVF)and~=0.10x+0.l9,r2=72.9(inRVF).Forvergence.thelinesof 
best fit are ~=0.08x+O.37, r2=38.1 (in LVF) and ~=0.13\-+0.27. rZ=71.0 (in RVF). All of these 

regressions are significant at Pi 0.001. 

But the important point is that in both hemifields the slope of the versionvergence function 
is about 0.5, i.e. variable error in version increased by approx 0.5 for every degree of error in 
vergence. Unlike variable errors, constant errors in version and vergence were not related. 
Furthermore, there were no significant differences between the hemifields (t =0.66, P~0.4). 
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Fig. 3. Constant error (CE) plotted against target eccentricity in LVF and RVF. The top panels show 
the relationship for errors in direction (in angles version): the bottom panels for errors in depth (in 
angles vergence). Positive error values represent overshoots; negative values undershoots. For 
version. error increases significantly more with eccentricity in the RVF than in the LVF. For version. 
thclinesofbest lit aregiven by!= -O.Ol.v-0.12.rz=3.6(in LVF)andj’= -0.08.~+0.26.r’=56.0 
(III RVF). For vergence. the lines of best lit are J=O.OXY-0.38. ~‘=38.2 (in LVF) and 
\.=0.06~-0.2S.r2=24.6(in RVF).All oftheseregressionsaresignificant a1 P<O.OOl.except thefirst 

where P=O.l. 

Corrective saccades were defined as saccades occurring within 200 msec of the 
completion of the primary movement (cf. [3. 24.493). Most (91%) such corrective 
movements occurred when target eccentricities were > 7.5‘. Their frequency varied from 
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VARIABLE ERROR 

Version 
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0.70.. 
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Fig. 4. The relationship between variable error in version and in vergence for the LVF and RVF (top 
and bottom panels respectively). For the LVF.thelmeofbest fit ~sgiven byy=0.46.~+0.26,rZ =45.1; 

for the RVF it is ~=0.57.~+0.24. r*=48.5. 
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subject to subject (from 2-16% of saccades). Seventy-four per cent of corrective saccades 

were 10% or less of the amplitude of the primary saccade. Only 2% of corrective movements 

were dysconjugate. 

DISCUSSION 

The experiment reported here was designed to determine whether there are differences in 
accuracy between saccades directed to targets in the left and right hemifields. We found that 
overall uariable error (i.e. across all target eccentricities) in both version (direction) and 
vergence (depth) was significantly smaller in the LVF than in the RVF. Overall comrmt 
error, in direction or depth, did not differ significantly between the hemifields. However. the 
increase in constant error in version with eccentricity was significantly larger in the RVF than 
in the LVF. These results suggest that the right hemisphere is superior to the left in directing 
saccades to remembered visual targets. 

Our results are consistent with several sets of findings. First, it has been shown that 
conjugate paralysis is more common following lesions of the right hemisphere than of the left 
[ 1 I, 361. Second, in subjects with left cerebral language lateralization, gaze deviation is more 
common and severe following injections of sodium amylobarbitone to the right carotid 
artery than the left [33]. Third, tasks requiring eye movement produce greater interference 
(increase in reaction time) in the LVF than the RVF [47]. Finally. eye movement reaction 
times of patients with lesions to the right parietal lobe are longer than those with damage to 
the corresponding area in the left hemisphere [ 151. 

On the face of it our data are not consistent with studies of saccadic reaction times in 
normal subjects which have demonstrated shorter latencies to targets presented in the RVF 
than in the LVF [26,40]. But it would be interesting to know whether there was a trade-off 
between spatial accuracy and reaction time in those particular experiments. 

Constunt and variable errors 

It has been demonstrated in right-handed individuals that, using either hand, constant 
error in pointing without visual feedback is much smaller towards targets in the LVF than in 
the RVF [20]. Constant error has previously been identified with central motor programs 
[IS, 383, so this result suggests that the right hemisphere is superior to the left in 
proyrumrniry arm movements to visual targets. Our findings regarding constant error for eye 
movements are not so strong since differences between the hemifields were not apparent at 
small eccentricities. However. as target eccentricity increased so the LVF advantage of 
constant error in version became more apparent. Thus. our constant error data also support 
the contention that the right hemisphere is superior to the left in programming movements to 
visual targets. 

Differences between the hemificlds for variable error were stronger than for constant error 
in our experiments. Overall. LVF advantages of 12 and 9% for version and vergence 
respectively were recorded (where advantage is computed from RVF,,,,, - LVF,,,,,/ 
RVF,,,,, + LVF,,,,,). These values are much larger than LVF advantages (computed in terms 
of percentage correct performance in each hemifield) reported in perceptual experiments, in 
which 7.59;) was the largest value to be recorded [27]. 

Variable error is considered by some to be solely an indicator of the accuracy of morewent 
c~.xc~mtior~ processes. e.g. inherent “noise” in the muscles, since, unlike constant error. it 
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appears (in investigations of the skeletomotor system) to be more sensitive to movement 
velocity and amplitude than to experimental conditions such as manipulations of target 
duration [43, 481. Thus. variable error has been associated with movement performance, not 
programming. 

It is probable. however. that the process of localization is itself not entirely accurate; and 
that this variability may add to that in the motor system. GNADT et al. have recently found 
that the variability of saccades to remembered positions increases as the delay between seeing 
the target and movement onset is lengthened [16]. It was also shown that there is a 
concomitant fall in peak saccadic velocity. This reduction in velocity is in the direction 
opposite to that predicted by those models of motor control which consider variability to be 
a consequence of “noise” in the execution process [48, 511. It is unlikely, therefore. that 
characteristics of the oculomotor plant alone are responsible for the variability in saccadic 
end-position. Rather, a variance associated with the memorized location of the target 
influences the observed variable error. 

Thus, variable error, as well as constant error. may be regarded as a measure of 
oculomotor programming. Therefore, if a LVF advantage is taken to be indicative of a right 
hemispheric advantage, our data (for both constant and variable errors) suggest that in most 
right-handed individuals the right hemisphere is superior to the left in programming saccades 
to remembered positions. 

We suggest that one aspect of programming in which the right hemisphere is superior to 
the left is in localizing visual targets. This would be consistent with the results of several 
experiments which show a LVF advantage for perceptual localization [27-29, 441. In these 
previous experiments, subjects were required to indicate where they judged a visual stimulus 
to have been in relation to other visual cues. i.e. without moving their arm or eyes to the 
remembered position of the stimulus. Whilst these results suggest that the right hemisphere is 
specialized for perceptual localization, our findings suggest that the right hemisphere is also 
superior to the left in risuomotor localization. This hypothesis is consistent with the findings 
of GUARD er ul. [20] who demonstrated that reaching with either hand is more accurate to 
targets presented in the LVF. Certainly, there is little evidence to support the suggestion that 
it is the right kand which is superior to the left in visuomotor control [45]. 

One region within the right hemisphere which may be responsible for visual localization is 
the posterior parietal cortex. There is much evidence to suggest that this area plays an 
important role in both perceptual and visuomotor localization [IO]. It has also been 
demonstrated that one cytoarchitectoniczone within the posterior parietal cortex is larger in 
the right hemisphere than on the left [13] and this area may have an important role in 
directing saccades to visual targets [39]. * 

A slightly different explanation to that offered above is that the difference we have 
observed reflects a superiority of the right hemisphere in rc>r~lcn~hrrir~c/ the spatial location of 
visual targets. There is certainly considerable evidence to suggest that spatial aspects of 
memory may be preferentially lateralized to the right hemisphere [IO]. However. it must be 
appreciated that the latency ofsaccades on this paradigm is very short (mean: 280 msec) and 
comparable to that observed with saccades to continually lit visual targets. A rcmembercd 
saccade paradigm was employed simply to ensure that there was no visual feedback of the 
target during the movement or after the completion of the primary saccade. We have no 
evidence to suppose that of the many visuomotor control mechanisms involved, the process 
of remembering spatial location alone is responsible for the hemifield differences that WC have 

observed. 
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Sex diferences 

It has previously been reported that LVF advantages for visual localization are more 
pronounced in males than females [27-291. In this investigation, for variable error in 
vergence, there was a similar trend. Females appeared to be just as accurate in the RVF as 
they were in the LVF; males were as accurate as females in the LVF but they were worse in the 
RVF (cf. [32]). 

Localization in depth 

The present investigation is the first divided visual field study in which localization has 
been assessed in depth as well as in direction, although a number of other studies have 
examined depth perception in each visual field using random-dot stereograms [6, 12, 171. 
The demonstration of a LVF advantage for variable error in vergence as well as in version on 
a task in which essentially only the direction of the target was varied may seem rather 
surprising. But there is a simple explanation. 

The hypothesis has been advanced that perceptual representations of space are encoded in 
version-vergence co-ordinates [30]. In other words, eye position signals from both eyes are 
required to localize a target in depth as well as direction. Let s,Z,, be equal to the variance 
associated with retinal localization by each eye (this obviously scales with eccentricity). Let 
s & equal the variance associated with the eye position signal, again from each eye. If both 
these variance terms are the same for each eye, the overall variance ofdirectional localization 
using binocular vision is given simply by the expression s:~, +s&~ degrees version. 

For binocular depth localization, however, the situation is dilferent. In order to compute 
error in degrees vergence, the variance terms for each eye must be added to give 2(s;‘,, + s&). 
This is because a given error in estimating direction in each eye is associated with double that 
error in degrees vergence (refer to Fig. 1). Variable error in vergence is therefore inevitably 
double that in version if target position is constructed using eye position signals. Exactly how 
retinal and eye position signals are combined is a matter of current neurophysiological 
investigation. Interestingly, there is evidence to suggest that neurones within the posterior 
parietal cortex of monkey are modulated by both version [l] and vergence angle [46]. 

Implications for the control of saccadic eye movements 

Various workers have reported that corrective saccades are sometimes made when 
subjects are required to make saccades in the dark [3,49]. The results of these studies, as well 
as our own, argue against the idea that retinal error signals are necessarJ9 to generate small 
corrective saccades [3 1,421. They do not, however, exclude a role in oculomotor control for 
visual feedback at the end of a saccade. 

Clearly, our data show that er’eri rvlrelt the!. rmtlc corrective movements, subjects made 
errors in localization in three-dimensional space: In terms ofdirection, the mean error was an 
undershoot of 0.21’ (variability: 0.65”) which corresponds to a mean underestimate of 3% 
over all target positions. This agrees well with another finding of direction underestimation 
of 4% [34]. Saccadic localization in depth. however. has not previously been measured. We 
found that constanr errors corresponded to disparities (differences in angular vergence) 
which are just within Panum’s fusional limit (approximately 0.2‘ at the fovea [35]), but the 
mwiahle errors were so large that it would not have been possible consistently to fuse the 
target had it been illuminated at the end of the saccade. 
HALLETT and LIGHTSTONE [21, 221 showed that visual information presented during a 
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saccade may be used to direct a corrective saccade after the primary movement. Our results 
suggest that the oculomotor system may also use visual information at the end of a primary 
saccade to direct the fine guidance of gaze onto a target. Therefore, saccades appear not to be 
entirely preprogrammed. Furthermore, a comparison of desired eye position with that 
achieved after the primary saccade [49] is not sufficient to generate the correct error signal 
for the corrective saccade: visual inspection appears to be necessary as well [31.42]. 

In summary, the findings presented in this study demonstrate that saccades are directed 
more accurately to the remembered positions oftargets in the LVF than to those in the RVF. 
Furthermore. it is shown that although visual feedback is not necessary to generate 
corrective saccades, it is likely to have a role in the fine guidance of gaze after the completion 
of the primary saccade. We propose that the left hemifield advantage reported here relates to 
the superiority of the right hemisphere in localizing visual targets. 

A~~rlo~c/edyemr,Its-We are grateful to Dr. F. H. C. Marriott for his advice on statistical analyslb. 
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