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Object-Centered Direction Selectivity in the 
Macaque Supplementary Eye Field 

C. R. Olson* and S. N. Gettner 

Object-centered spatial awareness-awareness of the location, relative to an object, of 
its parts-plays an important role in many aspects of perception, imagination, and action. 
One possible basis for this capability is the existence in the brain of neurons with sensory 
receptive fields or motor action fields that are defined relative to an object-centered frame. 
In experiments described here, neuronal activity was monitored in the supplementary eye 
field of macaque monkeys making eye movements to the right or left end of a horizontal 
bar. Neurons were found to fire differentially as a function of the end of the bar to which 
an eye movement was made. This is direct evidence for the existence of neurons sensitive 
to the object-centered direction of movements. 

M a n y  behaviors and mental processes re-
quire the use of spatial information defined 
in an obiect-centered reference frame. Vi-
sual object recognition, for example, is gen-
erally thought to require explicit encoding 
of the locations of parts relative to the 
object ( 1 ) .  Visually guided motor behavior 
also depends on object-centered informa-
tion. The hand, in reachine around an ob-" 

ject, must move along a trajectory defined 
relative to the object. Likewise, the eyes, 
during scanning, may be directed to a fea-
tureless point defined solely by its relation 
to visible details elsewhere in the scene. 
Evidence that localized groups of neurons 
represent specific parts of object-centered 
space has been provided by studies of visual 
neglect in humans. In many cases of hemi-
field neglect, patients overlook features on 
the contralesional side of a visible object 
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even when the neglected side of the object 
has been viewed through the good hemi-
field (2) .  Object-centered neglect must 
arise from the loss of neurons that mediated 
awareness of one half of the current refer-
ence object rather than one half of visual 
snace or the retina. Such neurons could be 
expected to have sensory receptive fields or 
motor action fields defined with resDect to 
the current reference object. Previous sin-
gle-unit studies have produced only limited 
evidence for the existence of neurons with 
these properties (3). In this report, we dem-
onstrate that neurons in the supplementary 
eye field (SEF) of the macaque monkey 
encode eve-movement direction with re-
spect to ar; object-centered reference frame. 

The SEF is an oculomotor area on the 
dorsomedial surface of the frontal lobe. 
Electrical stimulation of the macaque SEF 
elicits eye movements with complex prop-
erties, including dependence on initial or-
bital nosition 14).Neurons In the SEF dis-, , 

charge preferentially before and during sac-
cades in a restricted range of directions (5). 
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Some SEF neurons are selectivelv active 
during the learning of associations between 
visual-nattern cues and eve-movement di-
rections (6). These observations suggest 
that the SEF mediates processes of compar-
atively high order that are related to oculo-
motor control. 

We prepared two male macaque monkeys 
for single-unit recording by standard meth-
ods (7). We mapped out the SEF in both 
hemispheres of one monkey and in the right 
hemisphere of the second monkey (8).To 
assess object-centered direction selectivity, 
we trained the monkevs to uerform an ocu-
lomotor task in which the'object-centered 
direction of eve movements ito the left or 
right end of a horizontal targe; bar) could be 
dissociated from their orbit-centered direc-
tion (leftward or rightward in the orbit). 
The sequence of events during a representa-
tive trial is shown in Fig. 1A. A cue present-
ed early in each trial (a spot superimposed 
on one end of a samnle bar) instructed the 
monkey to look to the left or right end of the 
target bar. The target bar subsequently ap-
peared at one of three locations (Fig. 1B). 
Across eight possible conditions (Fig. lC), 
eye-centered direction (leftward or right-
ward in the orbit) was f ~ ~ l l ycounterbalanced 
against object-centered direction (to the left 
or right end of the bar) (9)., 

Twenty-nine neurons in one monkey 
were studied while the monkey performed 
this task. The neuron shown in Fie. 2 fired" 
more strongly when the eye movement was 
to the left end of the target bar ileft col-

u 

umn) than when it was to the right end 
(right column). This was true regardless of 
the orbital direction of the movement 
(rightward in the first and third rows; left-
ward in the second and fourth rows). Firine" 
was stronger in bar-left trials, not only dur-
ing the period between the cue and the 

SCIENCE VOL.269 18 AUGUST 1995 



target, when the monkey was remembering analysis of vaiiance (ANOVA) was carried 
an abstract instmction, but also around the out to assess the dependence of neuronal 
time of the response, when the monkey was firing rate on the direction of the eye move- 
preparing and executing an eye movement ment as defined with respect to the target 
to the target. In each of the 29 neurons, an (right or left end of bar) and with respect to 

Fig. 1. Neurons were tested for object-centered direction 
selectivity by monitoring of their activity while the monkey 
performed the task summarized in this figure. (A) Panels 1 to 
6 represent the screen in front of the monkey during succes- 
sive epochs of a single trial. The center of the hatched circle 
indicates the monkey's direction of gaze. All other items are 
patterns visible to the monkey. Panel 1 : A white fixation spot 
(0.8' by 0.8") appears at the center of the screen; when the 
monkey hasaachieved foveal fixation of this spot, data collec- 
tion begins. Panel 2: A horizontal red sample bar (4" by 0.2') 
appears in the visual field lateral to the fixation spot. Panel 3: 
A white cue (1.6' by 1.69 appears superimposed on one end 
of the sample bar. Panel 4: During an ensuing delay period of 
variable length, the monkey must remember whether the right 
or left end of the sample bar was marked by the cue. Panel 5: 
The fixation spot is extinguished and a horizontal red target 
bar (8' by 0.4') simultaneously appears in the upper visual 
field at one of three possible locations. Panel 6: The monkey 
must respond by making an eye movement to the end of the 
target bar corresponding to the cued end of the sample bar. 
A reward is ddiered only if the first eye movement is to the 
correct end of the target bar and if fixation at this point is 
maintained until the display is extinguished, 300 to 450 ms 
later. (B) Eight experimental conditions are differentiated by 
the following features: The sample bar is centered either 8" (a) 
or 12" (b) to the right of fixation. The cue is centered 6" (c) or 
10" (d) or 14" (e) to the right of fixation. The target bar, always 
at a height of 12", is centered 8' to the left of fixatii (f) or 
directly above fixation (g) or 8" to the right of fixation (h). The 
reauired eye movement is made either 12' up and 4" to the 
left'(1) or 12' up and 4" to the right (2). The fixation spot (FP) is 
presented at the center of the screen in all conditions. (C) For 
each of the eight conditions, the location of the cue, the 
location of.the target bar, and the direction of the required 
response gre given. Note that the orbit-centered direction of 
the eye movement (1 versus 2) and its object-centered direc- 
tion (L versus R) valy orthogonally across conditions. 

Fix spot: 1 ,7J 12-m. 

Sample bar: 
500 ms 

Fix spot off. 
target bar on 

Eye 
movement 

Fig. 2. Data collected Left with respect to bar Right with respect to bar 
from a neuron durina the 1.1 I 
test for object-centered 
direction selectivity. Each 
  an el represents the lo- 
cation of sample bar, lo- 1 / 
cation of cue,'location of 
target bar, and direction 
of the eye movement for 
one condition. Panels are 11 , 1 
numbered according to 
the conditions listed in 
Fig. 1C. Each histogram 
represents neuronal firing 
rate as a function of time 
during successfully corn- &IB 5: 
pleted trials for the condi- Cue i Cue 
tion indicated to its left. - Eye movement - Eye movement 
Data from successive tri- 500 ms 500 ms 
als are aligned on the time 
of onset of the eye movement (vertical line). The time of onset of the cue (vertical shaded bar) varied across 
trials because of randomization of the interval between cue onset and target onset. Firing depended primarily 
on the direction of the eye movement relative to the bar (leftward in the left column; rightward in the right 
column) and not on its direction relative to the orbit (rightward in rows 1 and 3; leftward in rows 2 and 4). Note 
that condtions 1 and 2 are matched for both the retinal location of the cue and the orbital direction of the eye 
movenient, as are conditions 3 and 4. 

the orbit (rightward or leftward). Separate 
analyses were camied out on activity occur- 
ring during (i) a "delay" epoch 500 ms long, 
terminating with onset of the target; (ii) a 
"preparation" epoch extending from onset 
of the target to initiation of the eye move- 
ment; and (iii) a "response" epoch extend- 
ing from initiation of the eye movement to 
a point in time 100 ms after i t s  termination 
(10). The rate of firing showed significant 
( P  < 0.05) dependence on bar-centered 
direction, or a significant interaction of bar- 
centered and orbit-centered direction, dur- 
ing at least one of the epochs, in 23 out of 
29 neurons. Additional statistical infoma- 
tion i s  given in Table 1 and in ( I  1 ). These 
results indicate that the activity of SEF 
neurons is influenced to a major degree by 
the direction of an impending eye move- 
ment as defined with respect to the target, 
regardless of orbital direction (12, 13). 

It i s  striking that bar-centered direction 
selectivity was present not only during the 
delay epoch, when only bar-centered infor- 
mation was available. but also during the - 
preparation and response epochs, when the 
target had appeared and the orbital direc- 
tion of the impending eye movement was 
known. However, because the preparation 
and response periods were comparatively 
brief in the task described above, bar-cen- 
tered activity during these periods might be 
a carry-over of delay-period firing. To  ad- 

Table 1. Fraction of neurons in which firing rate 
showed a significant (P < 0.05) main effect for 
eye-movement direction as defined with respect 
to the target bar (row 1) or the orbit (row 2) or a 
significant (P < 0.05) interaction between these 
two factors (row 3). A separate two-factor ANOVA 
was carried out for each of three trial epochs de- 
fined in the text. Twenty-three out of 29 neurons 
exhibited a significant effect of bar-centered direc- 
tion (see text). Out of these 23 neurons, 15 
showed only a main effect, 1 showed only an 
interaction effect, and 7 showed both types of 
effect; 5 showed a main or interaction effect in all 
three periods, 12 showed an effect in two periods, 
and 6 showed an effect in only one period. A 
neuron exhibiting more than onetype & effect or 
exhibitina effects in more than one ~eriod contrib- 
uted to ;nuItiple entries in this table. Orbit-cen- 
tered effects during the delay period (left column, 
second and third rows) must have been false DOS- 
itives because orbital 'direction was unknown to 
the monkey until the appearance of the target bar 
at the end of the delay period. The number of 
positii 0bSe~ations (two) does not deviate sig- 
nificantly from the number of false positives ex- 
pected on the basis of the significance level used 
and the number of neurons tested. 

Prepa- Re- 
Delay ration sponse 
period period period 

Bar-centered 18/29 9/29 16/29 
Orbit-centered 1/29 6/29 3/29 
Interaction 1/29 2/29 6/29 
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dress this issue, we recorded from 7 3  neu-
rons in two monkeys performing a version 
of the bar task with a secollil delay period. 
This version of the task was identical to the 
one described above except that the fixa-
tion spot remained o n  for more than half a 
second after onset of the target bar. W e  
found that significant (P  < 0.05) depen-

Fig. 3. Data from a neu-
ron exhibiting selectivity 
for both orbit-centered 
and obiect-centered di-
rection 'in a task not re-
quiring a decision based 
on object-centered infor-

ilence on  bar-centered direction, or a sig-
nificant il~teractiol~of bar-centered and or-
bit-centered direction, was at least as fre-
quent (38 out of 7 3  neurons) during the 
second delay period, following onset of the 
target bar, as during the first delay period, 
before its appearance (25  out of 73 neu-
rons). Additional statistical information is 

mation. In every trial, t l V l  

while the monkey fixated 
a white central spot, a 
white target spot came 
on. The target spot re-
mained on for the dura-
tion of the trial. The fixa-

4 rnq-TI 
tion spot was extin- 5 0 ~ m s  EM EM
auished after a variable EM 

Table 2. Fraction of neurons In which firing rate showed a signifcant (P < 0.05) man effect for eye 
movement dlrectlon as deflned with respect to the target bar (row 1)or the orblt (row2)or a signlflcant (P 
< 0.05)nteracton between these two factors (row3).A separate two-factor ANOVA was carried out for 
each of three trial epochs. F~fty-sixout of 73 neurons exhibited a significant effect of bar-centered 
direct~onduring at least one trial epoch. Out of these 56 neurons, 30 showed only a man effect, 10 
showed only an lnteracton effect,and 16 showed both types of effect; 13 showed a main or interaction 
effect In a three perlods,16 showed an effect in two perods,and 27 showed an effect In only one period. 
A neuron exhbting more than one type of effect or exhibiting effects in more than one perod contrbuted 
to mutple entries In ths table. Orbt-centered effects during the delay perod 1 (leftcolumn,second and 
third rows) must be false positives because orbital direction was unknown to the monkey until the 
appearance of the target bar at the begnnng of delay perod 2.The number of observations(three)does 
not devlate sgnficanty from the number of false positives expected on the basis of the signfcance level 
used and the number of neurons tested. 

Gterval (1300 to 1700 

Delay perod 1 Delay perod 2 Response perod 

Monkey Monkey Monkey Monkey Monkey Monkey 
1 2 1 2 1 2 

'rn; 
ms), whereupon the monkey was re-
quired to execute an eye movement to 

Bar-centered 17/49 6/24 18/49 10/24 23/49 5/24 
Orbit-centered 1/49 0/24 13/49 5/24 11/49 4/24 
Interaction 0/49 2/24 12/49 3/24 11/49 3/24 

up, and 12"rlght and 12"up, respective- EM
y ) .  Across these conditions, the neuron 
exhlbted clear seectvity for orbit-centered direction, firing more strongly before rightward than before 
leftward eye movements,In condltlons D and E,  the location of the target was 4" right and 12"up. In these 
conditions,a bar appeared on the screen 500 ms before the onset of the target and remained on for the 
duraton of the trial. In condltion D. the bar was positloned so that the target was supermposed on its rght 
end. In condltlon E,  the bar was positoned so that the target was superimposed on ~ t sleft end. Although 
the bar d d  not serveas a cue or target, t s  presence markedly affected the actvity of the cell. Fring durng 
the delay perod was much stronger when the target was on the bar's rght end than when it was on the 
bar's left end. Each histogram represents the average flring rate as a function of time during 16 
successfully completed trlals for a gven condton. Data from successve trials are agned on the tme of 
eye movement onset (EM,  veriical Ilne). The eye movements to each target were highly stereotyped 
regardless of the presence of the bar. In the panels at the rlght, the groups of dots labeled A through E 
represent eye postons sampled at 10-ms intervals during 16 eye movements performed under cond-
tons A through E. Eye movements B. D,  and E were nearly dentical. Thus, dfferental actvlty across 
condltlons B. D ,  and E cannot be accounted for in terms of differences among the eye movements. 

-
C.. 
?i 

the target spot. Condltlons A through C 
varied with respect to the locatlon of the 
target (4"left and 12"up, 4" rlght and 12" d ~ 1 
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given in Table 2 and in (14). The  finding 
that SEF neurons carry bar-centered signals 
even when the orbital direction of the im-
pending eye movement is known establish-
es that they are fundamentally different 
from classic oculomotor neurons (15). 

In the tasks described so far, monkeys 
were recluired to remember an instruction 
formulated in bar-centered terms. Thus, the 
bar-centered direction selectivity of SEF 
neurons might be specific to situations in-
volving active memory of a bar-centered 
instruction. T o  assess this possibility, we 
used a task in which the monkey made a 
visually guided eye movement to a spot that 
appeared in isolation in some trials and was 
superimposed on  the end of a bar in others. 
111 each "bar" trial, a bar appeared in isola-
tion for 500 Ins; a target spot was then 
presented on one end of it. During the 
remainder of the trial, both the bar and the 
spot remained on. The monkey was re-
quired to maintain central fixation until the 
fixation light was turned off and then to 
make a n  eye movement to the target spot. 
"Spot" trials were identical in all respects 
except that a bar never appeared. Spot trials 
were included to permit characterizat~onof 
orbltal d l r e c t ~ o l ~selectlvlty under standard 
condit~onsand to prov~dea baselme agalnst 
which to assess the effects of the bars. Data 
from a neuron studied while the monkey 
performed this task are shown in Fig. 3. 
This neuron displayed direction-selectwe 
preparatory activlty during the period of 
more than 1 s between the appearance of 
the target spot and i n ~ t ~ a t i o nof the eye 
movement. In trials when no bar was 
present, the neuron fired most strongly be-
fore r~ghtwardeye movements (Fig. 3 ,  con-
ditions A through C). In trials in which the 
target was a spot superimposed on a bar, the 
firing rate was enhanced ~f the bar was 
positioned so that the spot appeared on its 
r ~ g h tend (Fig. 3 ,  condltion D) and was 
reduced if the bar was positioned so that the 
same spot appeared on  its left end (Flg. 3, 
condition E). Stat~stlcallysignificant de-
pendence on  bar-centered d~rection(P < 
0.05) was present in 24 out of 45 neurons 
tested by this procedure. We conclude that 
SEF neurons manifest bar-;entered direc-
tlon selectivity eve11 when the monkey is 
performing a task that is nog dppendent on 
the use of bar-centered information (16). 

In all of the tasks described above, each 
eye movelnent was preceded by the appear-
ance of a spot superimposed on one end of 
a bar. The configuration of this stimulus 
(spot on  left or r ~ g h tend of a bar) and the 
bar-centered d~rectionof the lrnpending eye 
movement (to the left or right end of a bar) 
were completely correlated across trials. 
Consequently, neuronal activity varying 
with bar-centered direction might conceiv-
ably represent a pattern-selective visual re-



sponse or a visual rnelnory signal. To assess 90, 302 (1992); E J. Teliovnik and K Lee, ibid. 96, learned associat~onsbetween visual st~mulland 

possibility, we trailled olle Inonkey to 430 (1993). Russo and Bruce argue that depen- eye movements. However, our task can be con-
dence on ini ta orbital position does not necessarily strued as one in wh~chvisual sti~nuliare assocated 

perform a verslon of the task using colored mply representation of eye movement drection with arbitrarly w t h  eye movenents only if the cue and 
squares as cues (blue instructing a bar-left respect to a cranotopic frame. the target bar together are considered as a single 

respollse alld yellow illstruct~llga bar.right 5.  J. D Schall, J. Ne~~rophys66,530 (1991):J. Schag s t i~nuus,In t h s  view, four combnations of cue and 
and M. Schlag-Rey, ibid. 57, 179 (1987). target would be associated with eye movements 

response). 111all other respects, this task was 6, L L. Chen and S. p .  ~ l s e ,/bid 73,1101 (1995). up and to the left (condtons I ,  3, 5 ,  and 7) where-
identical to the version of the bar task wlth 7 Each monkey was prepared for chronic snqe-unit as four w o ~ ~ l dbe assocated with eye movements 

two delay periods (see above). Electrical recordng by standard methods, n c u d n g  surgcal up and to the rg l i t  (conditions 2, 4,  6, and 8). There 
implantaton of a head-Iiodng devce, a recording are strong arguments against this ~nterpretat~on

actlvity was monitored in each of 21 neu- chamber overlvna the SEF, and ocular search coils First, bar-selective activitv beuns before onset of ,
rolls during performance of both tasks. Elev- [R. S. Remmel, IEEE ~rahs' .Biomed. Eng. 31, 388 the target. Second, each neuron prefers a set of 

en of these neurons exhibited statistically (1984); D A. Rob~nson,ibid. 10, 137 (1963)l Re- conditions in whch  tlie eye movement IS to the 
cord~ngswere made with varnish-coated tungsten same end of the bar but varies n directon as de-

significant dependence on bar-centered di- electrodes ntroduced into the cortex through the fined with respect to the orb t .  Fnaly,  the ne~ironal 
rection during the same trial-e~och111 both dura Penetratons were olaced n a sauare arrav at pattern of bar-centered direction selectiv~tyis un--
tasks. In all 11 neurons, the preferred bar-
centered direction was identical 111 both 
tasks (6 neurons favored bar-right and 5 
favored bar-left). Thus, neuronal activity 
was related to the bar-centered direction of 
the ~mpendlngeye movement rather than 
to the physical attr~butesof the cues. 

The finding that neurons of the ma-
caque suppleme~ltaryeye field exhibit bar-
centered d~rect~onselectiv~tyin tasks re-
quiring the rnonkey to look to the right or 
left end of a horizontal bar provides by far 
the most robust and direct evidence to date 
for the existence of cortical neurons that 
carry object-centered signals. 
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target, and not just relatve to the visual field, of the 
target chosen during the preceding trial [H Niki, 
Brain Res. 68, 197 (1974)l.The act~vityof these neu-
rons might be construed as encoding the object-
centered direction of the previous response if the two 
targets are tiiought of as the right and left compo-
nents of a sngle object. Connor et a/, recorded from 
neurons In area V4 of monkeys periorm~nga spat~al 
attention task [C E. Connor et a1 , Soc. Neurosci. 
Abstr. 20, 1054 (199411. They noted that the strength 
of the response to an optimal s tmuus var~edas 
attention was focused to one sde  or another of tlie 
receptve feld They Interpret this result as indcating 
that Iieurons of V4 are selective for the locaton of tlie 
stimulus wlth respect to tlie current focus of atten-
tlon 

4. A. R. Mitz and M Godschalk, Neurosci. Lett. 106, 
157 (19891,G. S Russo and C. J. Bruce, J. Neuro-
phys. 69, 800 (1993);J Schagetal., Exp. Brain Res 

1 m m  ntervals under guidance of a nylon g r~dheld 
rig~dlyin the recordng cylnder [C. F. Crist et a/., J 
Neurosci. Methods 26, 117 (198811 

8 During each daily sesson, an electrode was lowered 
Into the SEF. Tlie eiectrical sgnai was processed by 
a template-matcling acton-potental dscrim~nator, 
from whch pulses were led to the data-colect~on 
computer. Before testing for bar-centered d~rection 
selectiv~ty,we characterzed each neuron n tlie con-
text of the folowng standard oculomotor task Each 
trial began when the monkey fixated a central spot 
Slioitly after attainment of f~xation,a cue was flashed 
br~efyat one of four peripheral locatons (20' right or 
up or left or down) The monkey was required to Walt 
for approxmately 500 ms, until extlncton of the f~x-
ation spot, to make an eye movement to tlie cued 
locaton Vigorous, drect~onallyselective task-relat-
ed actlvlty was taken as ev~dencethat tlie neuron 
was n the SEF. We mapped out a zone several 
m~imetersn extent, close to the sagittal m d ~ n eand 
approx~mately28 mm anteror to the Horsley-Clarke 
nteraural plane, n which neuronal activity con-
formed to tliis pattern. This zone was bounded pos-
terory and ~nedialyby stes at whc l i  neurons i red 
primarily during movements of the face and arm. It 
was bounded anterorly and laterally by sites at whch  
little or no neural actvity accompanied the monkey's 
observable movements 

9 The eight conditions were mposed In pseudoran-
domly Interleaved sequence. Data collection com-
monly cont~nueduntil 32 tr~alshad been completed 
successfully for each condtion Analys~swas car-
r ~ e dout only on data collected dur~ngsuccessfully 
completed tr~alsDur~ngsessions in whc l i  neuronal 
data were collected, the monkey made correct 
choices on 95% of trals In whch  a response oc-
curred. 

10. These epochs were chosen to allow separate anal-
yss of neuronal activ~tyduring periods when the or-
bital drection of tlie impend~ngeye movement was 
not known (delay), could at the earllest have been 
known (preparat~on),and was def~n~telyknown (re-
sponse). They do not necessarily concde w ~ t hdis-
crete stages of neural processing or behavior 

11. We used two measures to characterize the strength 
of the bar-centered signal in neurons exhbitng a 
s~gnificanteffect of bar direct~on (i) Tlie absolute 
value of the difference R - L, between tlie firing rate 
during bar-right condtons (R)and the fring rate dur-
n g  bar-eft condtions (L) During delay, preparation, 
and response epochs, respectively, the mean values 
were: 5.5 (SD = 4.3), 10.5 (SD = 7 6), and 4 7 (SD = 

3.5)spikes per second. (i~)The absolutevalue of (R -
L)/(R ' L), a rneasure normalized to the neuroli's 
average flung rate. During delay, preparation, and 
response epochs, respect~vely,tlie mean values 
were 0.25 (SD = 0.16), 0.37 (SD = 0.16), and 0 15 
(SD = 0 10). 

12. Clien and Wise (G) recently demonstrated that 
some SEF neurons preferentially actve durng eye 
movements in a certa~nd~rectionfire espec~ally 
strongly during a period when the monkey is learn-
n g  to produce those eye movements in response 
to a novel v~sualst~mulus,whereas others beg~n 
f r n g  only after the assocaton lias become estab-
s h e d ,  In light of thsfinding, t might be argued that 
SEF neurons showing modulation of activ~tydurng 
performance of our task are mediat~ngarbitrary 

affected by manipulatons of the testng situaton 
that alter the range of the eye movements pro-
duced by tlie monkey, for instance, incorporation 
of conditions in w l i~c l ieye movements are directed 
to the outer ends of target bars f and t i  (Fig 16). 

13. Because all eye movements in our task contan an 
upward component, the question arlses whether 
bar-centeredsgnals represent modulation of act~v~ty 
assoc~atedw~ t l iupward eye movements. Th~sdoes 
not appear to be the case. We have observed cases 
n wl ich  a neuron d ~ dnot f~reat all dur~ngupward eye 
movements to a spot target and yet fired v~gorously 
dur~ngupward eye movements to the preferred end 
of a horizontal bar. Moreover, across tlie entire pop-
uaton of neurons studied, there was no tendency 
for bar-centered directon selectvity to occur pre-
dominantly among neurolis tliat fired preferent~aly 
during upward eye movements 

14. Among the 73 neurons studied during performance 
of t h~sversion of the bar task, 26 were in tlie left 
hemisphere and 47 were in the r~ghthemisphere. 
There was a ~narkedpreponderance of neurons that 
f~redpreferentially in conjunction w ~ t heye move-
ments to the end of the bar opposte tlie recordng 
hemsphere (clii square test, P < 0.01). Smlarly, in 
tlie standard oculomotor test (81,there was a 
marked preponderance of neurons that fired prefer-
entially durng eye movements ~na contralateral or-
bital direction (chi square test; P < 0.01) 

15 Neurons carrylng s~gnalsrelated only to saccade 
amplitude and direct~onm~ghtappear to carry bar-
centered sgnals if a monkey performng the bar task 
employed a mnemonic strategy based on picturing 
eye movements Following a bar-left instruction, for 
example, tlie monkey mght  magne  an eye move-
ment directed to the left n the orbt,  w ~ t hconcomi-
tant elevaton of actvity n cortical oculomotor neu-
rons having leftward preferred directions However, 
following onset of the target, the act~vityof neurons 
carryng s~mpleoculomotor s~gnalswould be reset to 
reflect tlie orbital d~rectionof the impending eye 
movement 

16. Because the monkey was ii~ghlytra~nedon other 
tasks requ~ringthe use of bar-centered information, t 
IS possible that in t hs  task he actively attended to the 
bar-relative locat~onof the spot desp~te~ t sirrele-
vance Th~sssue could be resolved only by record-
ing from SEF neurons in a monkey performng ths  
task w~thoutprevious training in tasks requring the 
active use of bar-centered nformaton. 
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