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Abstract 

We examined eye saccades in a baboon solving a video-formatted matching-to-sample (MTS) task. In that task, the animal had to 
place a cursor by way of joystick manipulation within the boundaries of a fixation point (FP) displayed on a monitor. A sample stimulus 
was then flashed in either the left or right of FP. Immediately thereafter, two comparison forms were displayed and the animal had 
to select the comparison form matching the sample. A new video technique requiring no specific head or body constraints was em- 
ployed to monitor eye movements. Expt. 1 indicated that the gaze was centered on FP during the fixation procedure. However, some 
goal-directed express saccades, with mean latencies of 100 ms, were observed during sample presentation. Expt. 2 used an overlap 
procedure in which FP remained visible during sample presentation. Latencies of express saccades increased by approximatively 
20 ins. Expt. 3 showed in four baboons that the overlap procedure did not affect scores. It is concluded that the computerized MTS 
task is a valuable tool for the assessment of hemispheric lateralization in visual processing in intact primates, as long as the sample 
is not displayed longer than 120 ms. 
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1. Introduction 

The existence of functional asymmetries in non-human 
primates is central in the field of behavioral neurosciences. 
During the last decade, the interest for this problem has 
been concretized by an important literature on motor 
[1,17] and cognitive lateralization in several non-human 
species [12,13]. Questions underlying these studies are 
whether or not non-human primates show hemispheric 
lateralization, and if this phenomenon is similar to human 
lateralization. 

Understanding of hemispheric lateralization in non- 
human primates could allow for the development of an 
animal model of hemispheric lateralization in humans. An 
important problem, however, for developing such a model 
is the lack of appropriate methods to test non-human 
primates in conditions comparable to those used with hu- 
mans. To circumvent this difficulty, most studies with non- 
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human primates (but see, Petersen et al. [18]) have used 
either lesion approaches [13] or have split the two cere- 
bral hemispheres by cutting the corpus callosum and 
accompanying posterior and anterior commissures [8]. 
Such approaches provide insight about brain functioning, 
but tell little about the intact brain and are thus of a limited 
implication for our comprehension of normal subjects. 

Studies with humans have often employed the tachis- 
toscopic procedure [9] in order to assess the respective 
abilities of each cerebral hemisphere in the processing of 
visual information in intact subjects. The tachistoscopic 
procedure implies a gaze fixation on a fixation point (FP) 
followed by the display of a stimulus flashed in either the 
left or right visual half-field. Its rationale is that, given the 
anatomy of the visual system, visual information flashed 
to one side of the visual field projects to the visual cortex 
of the contralateral cerebral hemisphere [ 16]. 

Hopkins et al. [ 12] have recently developed a procedure 
for studying visual lateralization in non-human primates, 
which has several characteristics in common with the 
tachistoscopic mode of stimulus presentation. With this 
technique, primates are initially trained to manipulate a 
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joystick so as to displace a cursor in any direction on a 
computer monitor [23]. Subjects are then tested in a 

matching-to-sample (MTS) task in which the sample form 
is presented in either the left or the right of a fixation point 

(FP) for a duration shorter than the latency to initiate a 
saccade. To ensure that the sample form is presented in 

one visual half-field only, fixation is imposed by having the 
subject to place and to maintain the cursor on FP before 
the display of the sample form. Therefore, this technique 
is analogous to the tachistoscopic mode to stimulus pre- 
sentation in that it restricts the visual input in one visual 

half-field only in order to direct the information to the 
contralateral hemisphere. 

The divided-field MTS task has been used so far in 
baboons [2,10,22], rhesus monkeys [12], chimpanzees 

[12] and humans [12,22]. A related task with the same 
fixation procedure was also employed with chimpanzees 
[ 11 ]. Although these studies addressed different questions 
and consequently used different stimuli and procedures, 
results are striking in the sense that they all indicate the 
existence of hemispheric lateralization. Moreover, other 

convergences have emerged. For example, a right hemi- 

spheric advantage was found both in baboons [2] and 
chimpanzees [12] when novel stimuli were used during 

testing. 

2. Experiment 1 

The aim of Expt. 1 was to analyse patterns of eye move- 
ments in the aforementioned video MTS task. This ex- 

periment was designed to address the following two ques- 
tions. First, given the lack of empirical evidence showing 

the effectiveness of the procedure to have the animal look- 
ing at FP, we wanted to determine where the animal was 

looking at during the fixation procedure. Secondly, this 
study was designed to collect both temporal and spatial 

information on eye movements during the display' of the 
sample form. It is of note that the latency for saccadic eye 
movements in monkeys remains a controversial topic. 

Whilst it is often said that saccade latencies in monkeys 
range from 180 to 220 ms [6], Fischer and Boch [3] and 
Fischer and Weber [5] reported in :monkeys the existence 
of Express-saccades (E-saccades) with latencies as short 
as 70-90 ms. According to Fischer et al. [4], the occur- 
rence of E-saccades would increase with practice. Thus, 

the divided-field video-task, which requires a large amount 
of training, could favor the emergence of E-saccades. If  
E-saccades are performed in the divided-field MTS task, 
it would then be needed to display the sample form during 
70-90 ms only, that is for a duration shorter than that em- 
ployed in previous studies (i.e. t00-150 ms [2,10,12,22]). 

For the purpose of the present research, we have inte- 

grated within a single experimem thc video MTS task 
assessment of hemispheric tateralization and the method. 
initially developed by Wilde [24i. for e3e movement re- 
cording. Contrary to other existing methods available t\~r 
monkeys [7], this approach allows to test the animal while 

the head is not firmly maintained m a still positioll It.g. b~, 

way of a primate chair). Moreover. this method does not 
require adjunctive elements implanted on e~e balls, such 
as a scleral search coil [ 141 or othcr equipments fixed on 
the skull of the animal. Consequentl 3, we were abtc t~ 

monitor eye movements during the MTS task in condi- 
tions ver~ similar lo those use(l m previous published 

experiments [ 2.10.12,22 ]. 

2.1. Material and method~ 

2.1 I, Sub~cot 

The subject was a neurologically intact 5-year-old wild- 

caught female baboon (Papiopapi~ 0 raised in a social group 
of 8 animals within the animal 13cilities at the C,N.R.S.. 
Marseille. France. Prior to testing, the baboon has been 

trained on a psychomotor task involving the use of a joy- 
stick [23]. It was also used in a series of  behavioral ex- 

periments on pattern discrimination [2], and rotational 
invariance problem solving [10,22]. The subject was not 
food deprived during the experiment but received its daily 

food ration (fruit. monke~ chow and vegetables) at the end 
of the day and thus. alter the completion of the experi- 

mental test sessions. 

2.1.2. Apparatu.s 
The testing environment is depicted in Fig. 1. The set- 

up comprised an experimental cage (68 x 50 x 72 cml 
equipped on its front with a facemask and two hand ports. 
The face mask consisted of an 14.5 x 14.5 cm infra-red 

filter, impermeable to wavelengths shorter than 800 nm. in 
which a small 2.0 x 8.2 cm view port was cut. The infra- 
red filter was mounted on the cage between two sheets of 
plexigtas. A 14-inches computer color monitor, driven by 
a PC-AT computer, was installed at eye level 48 cm from 
the view port in front of the experimental cage. An ana- 
logue joystick was centrally positioned 18 cm from the 
hand ports. Also centrally positioned, but 5 cm from the 
hand ports, was a touch sensitive pad (11.5 × 10_0 cm) 
that served to initiate trials by lying one hand on it. The 
testing cage was fitted with a food dispenser for the delivery 
of 190 mg food pellets on the floor of the cage when correct 
responses were made. Timing of stimulus presentation 
and recording of response times were controlled at a one 
millisecond sampling rate bx, a software program written 

in Turbo Pascal 5.0. 
In order to record eye movements, two infra-red CCD 

video cameras I Panasonic WV-BL202) with zoom lenses 



J. Wilde et al. i Behavioural Brain Research 63 11994) 61-70 63 

~ " ' A 

/ 

7/ 
Fig. 1. Schematic view of the setup showing the testing cage (A), the infra-red filter with the view port (B), the joystick (C). the computer monitor (DL 

the infra-red light (E) and the t~o infra-red cameras (F). 

set at approximatively 65 mm were mounted in a sym- 

metrical arrangement on tripods at the view port level on 

both sides of the computer monitor. The cameras, which 

were sensitive to the infra-red light, pictured all essential 

parts of the monkey's face, while it had to look through 

the view port. Cameras were focused on the origin of a 

3-dimensional (3D) coordinate system which was refer- 

ring to for the computation of eye movements. The origin 

of the 3D system of coordinates was located about 3.0 cm 

behind the view port inside the experimental cage (see 

Fig. 1). The distance between the two cameras was 

89.6 cm, and their optical axis sustained an angle of 

45.6 degrees at the location of the origin of the system of 

coordinates. Each video camera was connected to one 

videotape recorder (Panasonic NV-H75) so as to register 

images at the rate of 50 pictures per second (i.e. one image 

every 20 ins). For a sharp recording of the monkey's face 

and eye movements (see Fig. 2), the face was illuminated 

by a 50 W infra-red light. The distance between the face 

and the lamp was 65.0 cm. Two infra-red diodes were 

fixed on each side of the view port. The diodes provided 

visual synchronization signals in order to map eye move- 

ments on the video-images with stimulus presentation on 

the computer screen. In summary, both the whole face of 

the animal and the synchronization diodes were recorded 

on the video-images of the two cameras. The face of the 

subject was videotaped through the infra-red filter in which 

the view port was cut. Subject's head position was kept 

Fig. 2. Display' of lhe face of the monkey as recorded during the study by the camera positioned at the left of the subject. 
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in a still position during trials by having the animal looking 

at the computer  monitor through the view port cut in the 

filter. 

by the computer. Prior to the test. the subject received 360 
warming trials with the five stimuli employed in the actual 

testing. 

2. 1.3. Testing procedure 
Two days prior to testing, the baboon was anesthetized 

with a light dose of  Imalgene and a small mark of  China 

ink was put on the median axis of  the nose. This mark was 

later used to evaluate the position of  the head during the 

analysis of  eye movements.  

A trial was started when the baboon placed one hand 

on the touch pad. This action led to the immediate display 

of  a cursor (a green circle 0.5 cm in diameter) and of  a 

fixation stimulus (0.5 × 0.5 cm white square) on the com- 

puter monitor.  The cursor appeared in the center of  the 

screen and the stationary FP  was shown vertically 2.0 cm 

above or below the cursor. The subject had then to 

manipulate the joystick so as to place and maintain the 

cursor on FP for 35 ms. Once the cursor was located 

within the boundaries of  FP. a sample stimulus (3.0 × 

3.0 cm) appeared laterally during 140 ms in either the left 

or the right part of  the screen~.The inside edge of  the 

sample stimulus was laterally displaced 5.1 cm left or right 

from the center of  the fixation stimulus, corresponding for 

the animal to an eccentricaty of  6.1-- of  visual angle. 

Immediately after sample stimulus display, two 3.0 ;, 

3.0 cm comparison forms appeared 3.5 cm above or below 

the cursor on the vertical axis of the computer  screen. The 

subject was then required to touch with the cursor the 

comparison stimulus matching the sample. A correct re- 

sponse was recorded if the subject correctly chose the 

correct comparison form. An incorrect response was re- 

corded when the subject touched with the cursor the 

comparison stimulus different from the sample stimulus. 

Correct responses were food reinforced with pellets and 

were accompanied by a tone. Incorrect  responses were 

never food reinforced. They were followed by a low 

raucous tone and a time-out of  3 s. 

The testing session consisted in 120 trials using five 

different white A S C I I  characters (e.g. M) as stimuli. Each 

stimulus was presented 12 times as the sample stimulus in 

both the left and right hemi-fields. The location of  FP. 

either 2 cm above or below the cursor, was randomly 

selected by the test program on each trial. In the same way. 

the location of  the correct comparison form (top or bot- 

tom of the screen) was balanced across trials. Eye move- 

ments were videotaped during the test. The outcome of  the 
trials (success or failure) and response times were recorded 

We have chosen a presenta t ion  t ime of 140 ms  because  this number  
is close to the values used in previous studies [2,10,12,22]. Addit ionally,  
140 ms is a mult iple of 20 ms, that  is the inter- image t ime interval of the 

video system. 

2.1.4. Computation o/eve movemem.r 
The method used to analyze ex.e movements  is exposed 

in Wilde [24]. It is beyond the scope of  this paper to 

present m det all any of  the algorithms used with this tech- 

nique, but intuitively, the direction of  gaze during the test 

was estimated from the position of  the head. and from the 

orientation of  the left and right pupils by reference to the 

position of  the head. 

In order to monitor eye movements, video-images from 

both cameras were digitalized c768 × 576 pixels. 256 gl'a~ 

scales) and svchronized on a computer  equipped with a 

digitizer hardware (Video- 1000,256, Frickc. Berlin). The 

horizontal and vertical coordinates of  five points in the 

lace of the monkey (i.e. the outer corner of  the left and 

right eyes. the dot on the nose. and the center of  the left 

and right pupils) were obtained by marking them with the 

mouse cursor. X - Y  coordinates expressed in pixets were 

firstly converted in a metric format. For that purpose. 

prior to the experiment, a scale was recorded by each 

camera in order to determine the factor of  conversion for 

changing the distances in pixels to metric values. Then. on 

the basis of  the pixel-metric conversion, the location of  the 

five points was determined by reference to the origm of  the 

three-dimensional system of  coordinates 2. 

The posiuon of  the head was detined by the location of  

the outer corners of the left and right eyes and by the 

location of  the dot on the nose. For an accurate estima- 

tion of  the gaze regardless of  head position, the three 

points defining the position of  the head were shifted along 

the axes and turned around the origin of  the system of 

coordinates. In that standard position, the line between 

the outer corners of  the eyes was laying on the .g-axis of  
the system of  coordinates, and its center point was located 

on the origin of  the 3D system of  coordinates. The ~oint 
on the nose was laying on the Y-axis. From this positron. 

the orientation of  the eyes in relation to the position of the 

head was derived from the coordinates of  the middle of  the 

two pupils relative to the position of  the head. Previous use 

of  this technique with lion-tailed macaques [24] showed 
that it is accurate with a resolution1 of  about 2 degrees m 
the vertical axis and about t.5 degrees in the horizontal 

The location of any point m the dlg~talizcd picture wa.~ dcrwcd from 
the values of two angles for both the honzon ta l  and vertical planes.  Thesc 
angles were formed between the optical axes of the cameras ,  v~hich 
rocussed on the origin of the three-dimension system, and the straighl 
lines between each camera  and the pom~ which posit ion shoukt  be 
est imated The searched cordinates  were obta ined at the poml of inter- 
section between the two straight  lines cormcctlng the two cameras  to tht 

point which locauon must  be determined.  
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axis. Although this method is precise in time and space, 

analysis of the video-tapes is very time consuming (0.5- 

1 h per trial), which limits the number of trials that can be 

investigated. 

2.2. Results 

2.2.1. Overall accura~T and response time 

The correct comparison form was selected on 70°0 of 

the trials. This level of performance demonstrates that 

responses were not chance driven, Chi square test, 

Z2= 19.2, P<0.001.  On average, response times were 
equal to 767 ms (S.D. = 339). Response times were lower 
for the successful trials than for the unsuccessful trials 

(720 vs. 877 ms, respectively, q , s =  2.37, P<0.02).  

2.2.2. Horizontal component of the gaze 

The horizontal component of the gaze was computed 

for the first 20 successful trials for which there was a sharp 
recording of the face. Special attention was given to the 

time (i.e. 140 ms) elapsed between the onset and the off- 
set of the sample stimulus. Although video-images were 

collected at a rate & o n e  image every 20 ms, on some trials 
(n = 3) only 6 instead of 7 images were recorded by each 
camera during sample presentation. This discrepancy 

appeared because shoots of video-images were not nec- 
essarily synchronized with the onset of the sample pre- 
sentation. In the following analyses, eccentricities from 0 

to 120 ms of sample presentation were computed on the 
trials (n = 20) for which at least 6 video-images were avail- 
able. Eccentricities at 120-140 ms were derived from the 

subset of 17 trials for which 7 video-images were recorded. 
Table 1 provides mean eccentricities between the loca- 

tion of the gaze and both the location of the FP and the 
inner side of the sample form. Remember that FP had 

already disappeared when the sample stimulus was dis- 
played. In Table 1, positive values correspond to gaze 

locations within the hemi-screen of sample stimulus pre- 
sentation. By contrast, values are negative when the gaze 
was located within the hemi-screen contralateral to the 
sample stimulus. Results show that the gaze remained in 
the vicinity of FP from 0 to 100 ms. During that time span, 

average eccentricities between the FP and the gaze ranged 
from -0.12 ° to 0.33 c, which was not statistically differ- 

ent from 0 °, that is the eccentricity for an exact centration 
of the gaze on FP. For 100-120 ms and 120-140 ms, the 

gaze deviated on average from the FP, as demonstrated by 

the significant two-tailed t-tests. 
Similarly, during the initial 100 ms of sample presenta- 

tion, lateral eccentricity relative to the inner side of the 
sample form ranged from 6.54 ~ to 5.77 °. These values 

were all significantly greater than 2.5 :, that being the mini- 
mal eccentricity required for a perception of the sample 

form in peripheral vision [ 16]. After 100 ms of stimulus 
presentation, the gaze shifted toward the sample form, as 

revealed by reduced eccentricities between the gaze and 
the sample stimulus. For the two last series of measure- 
ments (i.e. 100-120 and 120-140 ms), horizontal eccen- 

tricities between the gaze and the inner side of the form 
were no more significantly different from 2.5 ° . Thus, on 

average, the subject effectively perceived the sample form 
in peripheral vision during the first 100 ms of its presen- 
tation. Later, the lateral eccentricity was no more suffi- 
cient to ensure a perception of the sample stimulus by the 

peripheral retina. 
A close look at the results suggests some important 

inter-trials differences in the pattern of eye movements. In 
effect, two different types of trials were observed. On some 
trials, the lateral eccentricity between the location of the 

gaze and the inner side of the sample stimulus always 

Table 1 

Expl. 1 : average horizontal  eccentrici t ies (in degrees) of the gaze relativc to (1) the location of FP, and (2) the inner side of the sample st imulus for 
every' 20 ms of sample presentat ion 

Fixation point Sample  st imulus 

Mean S.D. t Mean t 

0 -20  ms 0.12 2.45 t,,) 0.22, ns 6.22 t,,~:6.25, P < 0 . 0 0 1  

20-40  ms - 0 . 4 4  1.94 tl,)= 1.02, ns 6.54 t'l, t 9.31, P < 0 . 0 0 1  
4(/-6(/ ms 0.33 1.96 t,L~=0.75, ns 6.43 t>  8.98, P < 0 . 0 0 1  

60-80  ms - 0 . 2 4  1.97 t,,~ 0.55, ns 6.34 tl~ 8.69, P < 0 . 0 0 1  
80-100 ms 0.33 2.34 t , ,  0.64, ns 5.77 q , ,=6 .25 ,  P < 0 . 0 0 1  

100-120 ms 3.04 3.01 tl,~=4.52. P<O.O01 3.06 t> 0.83, ns 
120-140 ms 4.41 2.06 tl~,= 8.83, P < 0 . 0 0 1  1.69 t,~, = 1.62, ns 

For eccentricities rclative to FP, ts and associate  probabili t ies derived from the computa t ion  of two-tai led t-tests for a difference between a sample mean 
and a theoretical value of 0, which corresponded to an exact centrat ion of the gaze on FP. For eccentricit ies relative to the location of'the samplc stimulus, 

ts and associa te  probabil i t ies derived from two-tai led t-tests for a difference between a sample  mean and the thcoretical value of 2 . 5 .  that being the 
minimal eccenlricity required for a perception of the sample form in peripheral vision ~'. ns = non-significant difference. 
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:ig. 3. Top: eye movements in a single trial in which the gaze was 
naintained in the vicinity of FP during the entire duration of sample 
wesentation (i.e. 140 ms). Bottom: e>e movements in a single trial in 
~'hich the subject performed an E-saccade towards the sample form nt 
00 ms of its presentation. Note that gaze location was determined every 
:0 ms. Open circles = gaze location during the 60 last milliseconds of the 
xation period. Triangles = gaze location during sample presentation. 

e m a i n e d  grea ter  than  2.5 :". This  type o f  trials is i l lustrated 

m the  top  o f  Fig. 3. Such  an eccent r ic i ty  suggests  that  the 

m b o o n  pe rce ived  the sample  in pe r iphera l  vis ion.  T h e  

e c o n d  type o f  trials is i l lus t ra ted on the b o t t o m  of  Fig. 3. 

n that  case ,  the subject  m a d e  goa l -d i rec ted  s accades  to- 

yard the sample  s t imulus  after 100 ms  or  120 ms.  Over -  

tll, the  gaze  eccent r ic i ty  relat ive to the inner  side o f  the 

a m p l e  fo rm was  smal ler  than  2.5 ~ for 1, 0, 0, 0, I, 8, and 

0 trials respec t ive ly  for each  t ime span f rom 0 - 2 0  to 

2 0 - 1 4 0  ms.  

' .2.3, Vertical component o f  the gaze 

T h e  analysis  o f  the  ver t ica l  c o m p o n e n t  o f  the gaze  was  

)e r formed on  the s a m e  20 cor rec t  trials as previously .  F o r  

hose  trials, ver t ica l  eccentr ic i t ies  were  c o m p u t e d  tak ing  

n to  a c c o u n t  the  loca t ion  o f  F P  on the ver t ica l  axis o f  the 

:ompu te r  m o n i t o r  (i.e. e i ther  2.0 cm above  or  be low the 

:enter  o f  the screen) .  T a b l e  2 shows,  for every  20 ms o f  

Iable 2 
Expt. 1 average vertical eccentncttms ~)l lhc gaze (in deg~ecsJ relau~e to 
the It}cation of FP for ever~ 20 ms t~f"/he sample stintulus presentation 

Mean ~; l } 

)--211 [1/~; II 71 (~:, ; l . [ t )  n ~, 

2 0 - 4 0  m s  0 ,4 ( ]  ~;" ~ 77. ,,~ 

4 t ) - ( ) t ~  i n s  0 . (~7  ¢~: I i !  i1~ 

fl{)--81l I l l s  ( I . ' {0  .~ (1TM -~ 0 . 6 7 ,  I lS  

g 0 - -  1[1() m s  0 . 2 ~  ] 4 7  , , -  () .*~).  n >  

1 0 0 - 1 2 0  m s  O ,U O  ' ~ r , .  i L O 0 ,  n s  

120-140ms ll.ov ~.% ,,,, 1.54. n> 

ts and assocmte probabilities derived [rom two-tailed r /cs~s tof , dif- 
ference bet,xeen a sample mean and the lheoretical mean of t , that wa,~ 
the mean for an exact centration of the gaze on FP, ns = nonsignificant 
difference. 

sample  p resen ta t ion ,  average  vert ical  e ccen t r i cmes  relat ive 

to FP .  Pos i t ive  va lues  in Tab l e  2 c o r r e s p o n d  to gaze  po- 

s i t ioning above  FP .  and  nega t ive  values  dep ic t  gaze  posi-  

t ioning be low  FP .  Very fe~ ver t ical  va r ia t ions  in eye m o v e -  

ments  were  found  dur ing  the d isp lay  o f  the  sample  form 

{range 0 ~ to -0 .71  ~'). 

2.2.4.  Analysis  q f  errors 

Given  that  eye m o v e m e n t s  cou ld  differ be tween  suc-  

cessful  and unsuccess fu l  trials, eye s accades  were  e x a m -  

ined in the 20 first incorrec t  m a t s  o f  the  tes t ing session.  

T i m e  e lapsed  f rom the o n s e t o f t h e  s a m p l e  fo rm to the first 

vis ible s accade  was  e s t ima ted  f rom the n u m b e r  o f  f rames  

that  were  c o u n t e d  f rom the  v ideo- tape .  T h e  d i rec t ion  o f  

the s accade  (left or  right) was  also recorded .  In  one  o f  the  

20 trials, the  subject  was  n o t  look ing  at the  screen during 

sample  p resen ta t ion .  In the remain ing  19 trials, the  m e a n  

la tency of  E - saccades  was  117,8 ms  ( range 100-16/I  m s i  

which is in the range  o f  the la tencies  o f  E - s a c c a d e s  for 

co r rec t  trials. N o t e  also that  all the  saccades  m error  trials 

were  accu ra t e  in di rect ion,  which  suggests  tha t  they were  

goa l -d i rec ted ,  Hence .  pa t t e rns  o f  eye m o v e m e n t s  for in- 

correc t  trials appea red  to be very similar  in la tencx and 

di rec t ion  to those  o f  co r rec t  trials, 

2.3. Discussio/z 

The  aim of  Expt .  l was  to record  eye m o v e m e n t s  in a 

d ivided-f ie ld  M T S  task that  is ana logous  to the tachis to-  

scopic  m o d e  of  s t imulus  presen ta t ion .  F o u r  conc lu s ions  

can be d r a w n  from this study.  First .  the behaviora l  pro-  

cedure  to have  the an imal  look ing  at the fixation point ,  

name ly  the ad ju s tmen t  o f  a cu r so r  on FP.  effectively an- 

pl ied a cen t ra t ion  o f  the gaze  on  FP .  This  resul t  is a t tes ted 

by the  m i n i m a l  lateral  eccent r ic i ty  o f  the  gaze  (i.e. - 0 . 1 2  : ) 

re la t ive  to FP ,  dur ing  the very first 20 ms of  sample  
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presentation (see Table 1). Second, no goal-directed sac- 

cades were observed from 0 to 100 ms, suggesting that the 
sample was at least initially perceived in peripheral vision. 

Third, on almost half of the trials, goal-directed saccades 

toward the sample stimulus were observed with latencies 
as short as 100 or 120 ms. Fourth, saccades for incorrect 
trials had latencies in the same range as those of correct 

trials. Expt. 1 thus validates the divided-field procedure, 
as long as the sample stimulus is not presented for dura- 

tions longer than 100 ms. 

3.1. Material and methods 

3. I. 1. Subject, apparatus and procedure 

The same baboon as previously was tested. All the ex- 
perimental conditions were similar to those of Expt. 1. The 
unique change in the procedure concerned the temporal 

attributes of FP. In this experiment, instead of disappear- 
ing when the sample form appeared, FP remained visible 
during sample stimulus presentation. The baboon received 

360 warming overlap trials in two consecutive days before 
the onset of the Expt. 2. 

3. Experiment 2 3.2. Resultv 

In Expt. 1, the fastest saccades had latencies ranging 
from 100 to 120 ms. This finding is at variance with the 

latencies, ranging from 180 to 250 ms, generally reported 
in the literature [6]. Although performed with extremely 

short latencies, saccades observed after 100-120 ms of 

sample display were accurate in direction. They were thus 
goal-directed instead of random in direction, due for in- 

stance to some anticipations. 
Several studies have reported that goal-directed E- 

saccades can be found with latencies as short as 100 ms 
for humans [4,5], or even 70 ms for monkeys [3,5]. 

According to Fischer & Weber [5], the frequency of 
E-saccades depends on the temporal and spatial param- 
eters of the fixation procedure. Specifically, E-saccades 
would increase in frequency in gap trials, that is when FP 
disappears from the screen before the onset of the stimu- 
lus. Conversely, E-saccades would decrease in frequency 

in overlap trials, that being when FP remains visible during 
sample presentation [ 19,20,21 ]. The aim of Expt. 2 was to 
test if the mean latency of the saccades would increase, 
and their frequency decrease, when FP remains visible 
during sample stimulus presentation (i.e. in overlap trials). 

3.2.1. Accurao' scores and response times 

The baboon selected the correct comparison form 86 
times (71.7°o) over the series of I20 trials. This level of 
performance is significantly above chance as demonstrated 

by a Chi-square analysis, Z~ = 22.5, P<0.001.  In addition, 
accuracy in Expt. 2 was not statistically different fi'om 

accuracy in Expt. 1, t23 ~ = 0.28, ns. 

Mean overall response time in Expt. 2 was 689.4 ms. As 
in Expt. 1, successful trials corresponded to shorter 
response times on average (630.9 ms) compared to un- 

successful trials (837.5 ms), til s - 2.9, P<0.01.  No signif- 
icant difference was found between response times for 
correct trials in Expt. 1 and Expt. 2, t>~ = 1.68, ns. Hence, 
patterns of scores and response times were very similar in 

both experiments. 

3.2.2. Horizontal component qf the gaze 

The first 20 correct trials for which a sharp recording of 
eye movements was available were analyzed. Table 3 pro- 

vides mean eccentricities relative to the location of FP and 
the location of the sample form, for every 20 ms of pre- 
sentation time. Positive values on Table 3 correspond to 

Table 3 

Expt. 2: avcrage horizontal  eccentricit ies (in degrees) of the gaze relative to (1) the location of FP, and (2) the inner side of the sample st imulus for 
cxer~ 2(1 ms of sample  presentat ion 

Fixation point Sample  stinluhis 

Mean S.D. I Mean t 

0 -20  ms 0.35 1.58 
20-40  ms 0.05 1.04 
40 -60  ms (/.37 1.28 
60-80  ms 0.39 1.00 
80 -  l I)0 ms 0.51 1.01 

100-120 ins 2.25 2.69 
120-140 ms 3.41 2.43 

tl,> 0.98, ns 5.75 

t i<,-0.21,  ns 6.15 
t l , ) -  1.29, ns 5.73 
t>  1.73. ns 5.71 

t,<~ 2.28, P < 0 . 0 5  5.85 
tl,, = 3.75, P < 0 . 0 0 2  3.85 
t~ = 4.26, P < 0 . 0 0 3  2.69 

it, , -  9.20. P <  0.001 
11,~- 15.65, P<0 .001  

t~<j- 11.24. P<0 .001  

q,~ 14.41, P < 0 . 0 0 1  

tl<~= 13.70. P<O.O01 
q,, 2.24. P < 0 . 0 5  
t~ 0.23, ns 

See legend of Table  1. 
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gazes within the hemi-screen in which the sample was 
presented. Because the shoots of video-images were not 
necessarily synchronized with the onset of sample presen- 

tation, 7 images were recorded for 9 trials, whereas ~ 
images were recorded for the 11 remaining trials. Hence, 

data from 0 to 120 ms derived from 20 trials, and 120- 
140 ms data were computed on the subset of 9 trials for 

which 7 video-images were available. 
On average, the gaze remained in the vicinity of FP from 

0 to 80 ms of sample presentation (see Table 3). After 
80 ms of sample presentation, the gaze significantly devi- 
ated from FP. However, the deviation remained of re- 
duced amplitude at 80-100 ms (mean = 0.51 =), the maxi- 

mal eccentricity being reached at 100-120 ms and 120- 
140 ms (2.25 ° and 3.41 °, respectively). Table 3 also shows 

that, from 0 to 120 ms, mean lateral eccentricities between 
the gaze and the sample form were all significantly greater 

than 2.5 °. At 120-140 ms, mean lateral eccentricities was 
2.69 ° , which was not significantly different from 2.5 ~. One 
can thus conclude that the sample form was on average 
seen in peripheral vision during the initial 120 ms of its 
presentation. Later, lateral eccentricity were no more sui- 

ficient to ensure a perception of the sample form by the 
peripheral retina. 

We have counted, for every 20 ms of sample presenta- 
tion, the number of trials in which the gaze was positioned 

at a lateral eccentricity smaller than 2.5 °. These numbers 
were equal to 1, 0, 0, 0, 0, 4 and 4, respectively for each 
20 ms time span from 0 to 140 ms. At 100-120 ms, the 

number of observed saccades (i.e. 4/20) was half of the 
number found in Expt. 1 (i.e. 8/20). By contrast, the rate 

of saccades performed toward the sample at 120-140 ms 
was very similar in both experiments (Expt. 1: 10/17 trials', 
Expt. 2: 4/9). In conclusion, comparison of the data from 

Expt. 1 and Expt. 2 shows that the overlap procedure 
reduced the frequency of E-saccades with 100-120 ms ot' 

latency. 

T a b l e  4 

E x p t .  2:  a v e r a g e  v e r t i c a l  e c c e n t r i c i t i e s  ol  [no  g a z e  (il'l dcgr¢c . , , )  i*cl0.[l\.e to  

t h e  l o c a t i o n  o f  F P  f o r  e v e r x  2 0  m s  o f  ~ a m p l e  p r e s e m a t i o ~  

M e a n  'q D 

0 - 2 0  m s  - t l . 3 2  [ . 9 9  ~ - , 0 . 7 2 .  m, 

2 0 - 4 0  ms (1 .2-  i '~1 , : - 0 . ~ G .  ~as 

,1.{/-60 m s  0 . 4 9  ~ !.1 -- [ . 0 2  n,~ 

(~ll-8(} i l l s  0 . 5  . . . .  :- . .34 .  n~ 

S O - l O 0  m s  i~ " "  ~ "0  , . . ~ q .  , , -  

1 0 0 - 1 2 l )  i n s  0 . 4 7  ! 2,x ! . 6 3  ns 

120-140 m s  ( ) i { / 2  ~ t (~.05. I I S  

S e e  l e g e n d  o t " F a b l e  11 

looking at the screen during sample presentation. For the 

remaining trials, saccades were all accurate in direction. 
For those latter trials, mean latency was 136.5 ms (range 

100-180 ,ns), which is about 20 ms longer than the mean 
latency (i.e. 120 ms) for incorrect trials in Expt. 1. Statis- 
tical analyses indicated a trend for longer latencies m Expt. 

2 compared to Expt. 1. t-test, t¢34)= 1.95. P =  0.06. 

3.3. Discuss&n 

Expt. 2 replicated the findings or Expt. l in that it dem- 
onstrated (1) the effectiveness of the fixation procedure in 
the divided-field MTS task. and (2) the existence of goal- 
directed saccades with short latencies. Moreover. Expt. 2 
showed that introducing an overlap paradigm in the MTS 

task reduced the frequency of E-express with 100-120 ms 
of latency, for both correct and incorrect trials. Results of 
Expt. 2 thus suggest that the use of an overlap procedure 
can be beneficial, in that it can allow for a longer presen- 
tation of the sample form in the divided-field task. Its 
remains unclear however, from that experianent on a single 

subject, if the overlap procedure can affect accurac~ and 
response times. 

3.2.3. Vertical component o/the gaze 
Table 4 reports mean vertical eccentricities for Expt. 2. 

Data reported on Table 4 were computed by using the 
same procedure as for Table 2. On average, vertical varia- 

tions of the gaze were minimal (range = - 0.57 °,0102 ~, see 
Table 4)). Hence, the gaze remained at the level of FP 

during sample presentation. 

3.2.4. Analysis of errors 
Error trials were analyzed by counting the time (i.e. 

number of frames) elapsed from the onset of the sample 
form to the onset of the first visible saccade on the tape. 
As before, this analysis was performed on the 20 first trials 
in which the subject selected the incorrect comparison 
form. On 3 of those 20 incorrect trials, the subject was not 

4. Experiment 3 

The aim of Expt. 3 was to determine the possible efl'ects 
of the overlap procedure on performance. In that experi- 
ment. a larger group of subjects was tested on both overlap 
and non-overlap conditions. Additionally. duration of 
sample presentation varied in order to indicate if presen- 

tation time could also affect performance. 

4. I. Material and methods 

4.1.1. Subjects and apparatus 
Subjects were 4 wild-caught 5-year-old baboons (Papio 

papio), 1 male and 3 females, including the one usedin the 
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two previous experiments. All subjects had the same living 

conditions, and were familiar with the matching-to-sample 

testing in the divided-field format, because they were used 
in previous experiments [2,10]. The apparatus was iden- 
tical to that of Expt. 1. 

4.1.2. Testing conditions 

The basic procedure was the same as before. The testing 
was composed of 4 sessions of 160 trials, using a set of 20 
different 3 x 3 cm yellow ASCII  characters serving as 

sample and comparison forms. Within a session of 160 
trials, each stimulus served 4 times as the sample in the left 
and right visual-half field. For 2 of those 4 presentations, 

the correct comparison form was located on the top of the 
screen. It was presented on the bottom in the remaining 

2 trials. On each trial, the comparison form was randomly 

selected among the 19 stimuli different from the sample. 
Note that subjects were familiar with the stimuli used in 
the test, because these stimuli have been used in previous 

trainings [2,10]. 
The sample was presented either 50 ms (two sessions) 

or 95 ms (two sessions). In one session per presentation 

time, an overlap procedure was adopted, whereas in the 
other session, there was no temporal overlap between the 
FP and the sample. Two baboons (one male, one female) 

used the right hand for joystick manipulation, the other 
two used the left hand. The order of sessions was balanced 
across subjects. The order of trial presentation within a 
session was randomly selected prior to the session; it was 
thus different from one session to the other, as well as from 
subjects to subjects. 

4.2. Resuhs 

Overall accuracy was 70.4 percent correct. All subjects 
performed above chance as indicated by a Chi square 
analysis (all Ps <0.05). Accuracy data were analyzed 

using a three-factor 2 x 2 x 2 analysis of variance 
(ANOVA) with the visual-half field (left, right), the over- 
lap condition (overlap, non-overlap), and the duration (50, 
95 ins) serving as the within subject factors. Trials in 
which response times were lower than 100 ms or greater 
than 3 s were discarded from the ANOVA, because of the 
possibilit 5 that the subjects could anticipate the response 
or experience some difficulties in responding (e.g. because 
of distraction). These trials represented 11.9°,, of the total 
trials. The ANOVA indicated that the effect of field was 
significanl (F t .3 = 35.9, P < 0.01 ), corresponding to greater 
scores for right-visual field:left hemisphere presentations 
(mean correct-74.3",~) than left-visual field/right hemi- 
sphere presentations (mean correct = 67.9~.). Accuracy 
~as  slightly lower in the overlap condition (mean cor- 
rect=68.8" o) compared to the non-overlap condition 

(mean correct = 72.00o), but the difference was not statis- 
tically significant. Other main effects or interactions did 
not reach significance. 

In complement to the previous analyses, an ANOVA 

was performed on correct response times with the visual- 
field (left, right), overlap condition (overlap, non-overlap) 

and duration (50, 95 ms) serving as the unique within 
subject factors. Mean response time was 574 ms. No sig- 
nificant main effect or interaction emerged from the analy- 
sis of correct response times (mean overlap=601 ms; 
mean non-overlap = 548 ms, ns). 

5. General discussion 

The data of this series of experiments constitute the first 
empirical evidence that the divided-field MTS task is an 
efficient way of restricting the visual input in one visual 
half-field only, which is a critical attribute of tasks devoted 
to the study of lateralization for visual processing in intact 
animals [9]. However, while our approach showed the 

efficiency of this MTS procedure, it also revealed some of 
its limits. Because of the existence of E-saccades, the data 

suggest that the sample form should not be presented for 
durations longer than 100 or 120 ins. This finding calls for 

two remarks. First, it should be kept in mind that the 
current data on eye movements (Expts. 1 and 2) derived 
from the study of a single subject. Thus, these two experi- 
ments provide no insight on the inter-individual variabil- 

ity in the latency or frequency of E-saccades. Second, as 
claimed by Fischer et al. [4], the rate and speed of 
E-saccades in monkeys is affected by the amount of prac- 

tice, although E-saccades can be obtained in naive human 
subjects without training [5]. Prior to this experiment, the 

baboon used in Expts. 1 and 2 has involved during two 
years in several behavioral studies {2,10,22]. It is thus 
hypothesized that practice effects were at their maximum 
for that baboon. 

In accordance with observations made by others 
[19,20,21], Expt. 2 demonstrated that the overlap proce- 
dure increased the latency of E-saccades. The overlap 
procedure had no direct effects on response times or ac- 
curacy scores, as demonstrated by the statistical compari- 

son between Expts. 1 and 2 and by Expt 3. Methodologi- 

cally, the use of the overlap procedure in conjunction with 
the divided-field MTS task appears to be advantageous, 

in that it allows for a longer presentation of the sample 
form. Hopkins and Morris [11] found in a related task, 

that accuracy scores increased with the increment of the 
sample presentation time. Such an effect was not observed 
in Expt. 3, perhaps because subjects were highly familiar- 
ized with the stinmlus set. 

However, the overlap procedure might not be the unique 



70 J. Wilde el al. , Behavioural Brain Research 03 1994~ 6 / - 7 #  

way to delay the latencies of E-saccades. For example, in 
an experiment made with human subjects, JtRtner and 
Wolf [ 15 ] used catch trials mixed with regular trials, catch 
trials being defined as trials in which the sample form was 
not presented after the fixation of the eye on FP. These 
authors observed that, when catch trials increased in fre- 
quency, the probability of occurrence of E-saccades de- 
creased and that of longer saccades rose. This effect was 
mostly apparent in trials that immediately followed catch 
trials. Hence, although to our knowledge this effect has not 
been investigated in monkeys, Jattner and Wolf's [15] 
study calls for the additional introduction of the catch 
procedure in the divided-field MTS task, along with the 
use of the overlap procedure. 

Finally, Expt. 3 revealed greater scores when the sample 
was shown in the left visual half field/right hemisphere 
compared to presentations in the contralateral right visual 
half field. This finding, which is in agreement with previ- 
ous observations [2,11 ], suggests that the lateralization of 
the visual input might induce differential treatments in the 
left and right cerebral hemisphere. The divided-field MTS 
task is thus a useful and a valid technique to investigate 
hemispheric lateralization in intact primates, including 
humans. 
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