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The discovery of single cortical neurons 
responding to similar visual inputs to the two 
eyes, yet  selectively sensitive to particular 
amounts of  binocular disparity (Barlow et al. 
1967; Pettigrew et al. 1968), has provided an 
important  advance in the investigation of  bin- 
ocular vision and stereopsis. Although recent 
experiments differ on important  details (Pog- 
gio and Fischer 1977; Fischer and Krfiger 
1979), there is unanimity regarding the exis- 
tence of neurons with differing amounts of 
preferred disparity. Such cells, for example, 
produce large responses only at an optimal 
binocular disparity, and in some studies this 
preferred disparity differs from cell to cell. 
Furthermore, the response at this optimal 
disparity is often very much larger than the 
sum of  the responses obtained from stimula- 
t ion of  each eye separately. Thus it appears 
that  there can be a considerable degree of 
binocular facilitation in cortical cell responses 
and that  the presence of neural facilitation 
may be related to the processes of stereopsis. 

The characteristics of  human binocular 
facilitation with corresponding binocular 
stimuli are the main focus of our study.  We 
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wished to establish the nature of  such facilita- 
tion before progressing to the effects of  bin- 
ocular disparity, which require a further level 
of technical sophistication. 

In the field of visual evoked potentials 
(VEPs), however, it has been difficult to ob- 
tain data which can be considered analogous 
to the results obtained from single units, 
despite the fact that a large number of  VEP 
studies have been concerned with binocular 
interaction. A major problem of the binocular 
evoked potential studies is that  variations 
across laboratories both  in the recording 
techniques and in the stimulus conditions 
have resulted in conflicting reports as to the 
degree and type of  binocular interactions 
which exist (see next  section for definitions). 
As a result, the range of  binocular interactions 
reported in the literature is from zero summa- 
tion (Inoue 1966) to small amounts of facili- 
tation (Cig~nek 1970; Srebro 1978), with 
most authors reporting at least partial summa- 
tion (e.g., Gouras et al. 1964; Perry et al. 
1968; White and Bonelli 1970; Hatter et al. 
1973). The rarity of binocular facilitation ob- 
served in the VEPs is in strong contrast to the 
frequent binocular facilitation revealed with 
single unit research (Barlow et al. 1967; Pet- 
tigrew et al. 1968; Poggio and Fischer 1977; 
Von der Heydt  et al. 1978). 

One possible reason for the dearth of  bin- 
ocular facilitation in previous VEP studies is 
the presumed inability of  the VEPs to selec- 
tively record from small subsets of  cortical 
neurons having the same disparity, orientation 
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and spatial f requency tuning. As such, the 
wide range of  stimulus-response functions 
(characteristic of  single units) would be ob- 
scured when recordings are made from many 
different types  of  neurons at once. If one 
takes this view, the  lack of  binocular specific- 
ity seen in the  VEP is less surprising. 

Our own work questions this interpretation 
of  VEP recording, however,  because we have 
found that the s teady~tate  human VEP am- 
plitude is very sensitive to remarkably small 
changes in stimulus characteristics. For 
example,  when the VEP amplitude is mea- 
sured as a funct ion of  spatial f requency,  the 
resulting functions are very sharply tuned,  
showing multiple-peaked bandpass character- 
istics which are much steeper than the psy- 
chophysical contrast sensitivity curve (such 
functions are replicated in this paper and can 
be seen in Figs. 3, 4, etc.). In fact,  parts of  the 
narrow spatial f requency tuning functions are 
more similar to those obtained from single 
cell recordings, rather than that  expected 
from a representative population of  neurons 
tuned to a wide range of  pattern size. Further- 
more,  the  temporal  tuning of  these responses 
is even sharper than the spatial tuning. 

As yet ,  we have no firm understanding as 
to how the seemingly unspecific technique of  
VEP recording can isolate small populations 
of  neurons. However,  observations on the 
phase of  the  VEP (Tyler et al. 1978) and the 
ability to selectively isolate single peaks 
(Nakayama et al. 1981) indicate that  the 
results are not  an artifact of  electrical summa- 
t ion or the  inhibitory interaction of  more 
broadly tuned mechanisms. What is clear is 
that  this isolation of  small subsets of  cortical 
neurons is a prominent  feature of  VEP record- 
ing and should be recognized as such. 

Our guiding hypothesis,  therefore,  has been 
that  past discrepancies within the  binocular 
VEP literature, as well as be tween evoked po- 
tential and single unit studies are due to the 
existence of  this peculiar sampling character- 
istic of  the  VEPs. 

Consideration of  the detailed tuning of  the 
VEPs suggested that  a similarly fine-grained 

analysis would be necessary for a full exami- 
nation of  binocularity in the human VEP. 
This paper reports such an analysis, to provide 
the basis for resolving some of  the contradic- 
tions of  previous VEP work,  and to  relate the 
results to those obtained from single units. 

The aim of the study was therefore to 
determine the degree of  binocular facilitation 
that  could be measured in the VEP for a wide 
range of  conditions of  spatial f requency,  tem- 
poral frequency and contrast of  sinusoidal 
pattern stimulation. We then selected the 
regions of  greatest binocular facilitation to 
determine whether they  were affected by  the 
presence or absence of  binocular fusion. 

Binocular interaction terminology 

Inconsistent terminology used to describe 
various types  of  binocular interactions has 
resulted in additional conflict within the VEP 
literature. To reduce confusion,  binocular 
interaction terminology used in this s tudy is 
outl ined below. 

We define 3 regions of  binocular summa- 
t ion delineated by  two boundaries, each of  
which may indicate different underlying pro- 
cesses. These regions are based on the empiri- 
cally validated assumption of  the absence of  
electrical cancellation due to temporal  phase 
differences in the  responses from the two eyes 
(see e.g., Fig. 5). 

The levels of  binocular interaction are 
expressed numerically in terms of  the binocu- 
lar amplitude (B) in relation to the mean 
monocular response (~I). 

(1) Inhibit ion (B < M). The amplitude of  
the  binocular response is less than the mean 
of  the two monocular  responses. This situa- 
tion is typically restricted to observers with 
unequal binocular vision. It represents inhibi- 
t ion of  the response from one eye by  stimula- 
t ion of  the  other.  

(2) Zero summation (B = M). The binocular 
response should be equal to the  mean monoc- 
ular response in normal observers in situations 
of  binocular rivalry, where the  ou tpu t  repre- 
sents the response from each eye alternately. 
In non-rivalrous situations, another possible 
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mechanism for this result is suppression of  the 
monocular responses by the stimulation of  a 
separate binocular mechanism. Depending on 
the relative strength of  the mechanisms, zero 
summation could result. This level of  summa- 
tion is therefore inconclusive as to the under- 
lying interactions. 

(3) Partial summation (M < B <~ 2M). Fail- 
are to exhibit full summation implies the 
absence of  independence between the two eye 
responses, but  little more. A binocular sys- 
tem, for example, could saturate or the 
degree of  interaction could be a more complex 
function, given the existence of  both monocu- 
lar and binocular mechanisms. 

(4) Summation (B = 2M). Due to electrical 
additivity, the binocular response will equal 
the sum of  the two monocular responses if 
the information from the two eyes is inde- 
pendent. It is also possible to envisage either a 
linear binocular mechanism or a combination 
of binocular and monocu~r  mechanisms 
which could produce the same result. 

(5) Facilitation ( B >  2 ~ ) .  The binocular 
response can be greater than the sum of  the 
monocular responses only if there is some 
kind of  facilitatory binocular interaction. This 
could be in the form of  a binocular mecha- 
nism in addition to the monocular mecha- 
nism, or some other preferential response to 
binocular stimulation. We presume that  bin- 
ocular facilitation has some relationship to 
the presence of  a neural stereoscopic depth 
mechanism. 

Methods 

Stimulus 
Sinusoidal gratings modulated in counter- 

phase at  various spatial frequencies were gen- 
erated in the conventional manner on the face 
of  a Hewlett-Packard cathode ray tube (CRT) 
display (Model I332A,  P31 Phosphor). The 
space average luminance was kept constant at 
46 cd/m 2, unless otherwise specified, and con- 
trast was measured according to the standard 
Michelson (1927) definition. All light mea- 

sures were made with either a calibrated sele- 
nium photocell or a Spectra Pritchard pho- 
tometer  (Model 1980A). 

The stimulus patterns which were typically 
vertical gratings were reflected onto a front  
surface mirror to be viewed by the observer 
(except in the stereopsis studies which 
involved variable stimulus orientation and 
dichoptic stimulus presentations). During the 
stereopsis studies, one eye viewed the mirror 
image of  either a vertical or horizontal grating 
through a dove prism which was properly 
aligned to insure zero stimulus disparity, 
while the fellow eye viewed the image 
directly. The decrease in apparent distance 
introduced by the dove prism was only 
1.9 cm or 3.3% of the viewing distance. Hori- 
zontal gratings under binocular viewing condi- 
tions were obtained by rotating the CRT dis- 
play 90 ° . For dichoptic viewing, i.e., horizon- 
tal to one eye, vertical to the other,  the dove 
prism was rotated 45 ° . Care was taken to 
insure optical alignment about the center of  
rotation.  

Recording and data analysis 
Bipolar recording was employed with one 

of the recording electrodes placed 3 cm above 
the inion and the other 3 cm to the right of  
the first; the ground electrode was placed on 
the ear lobe. We chose this electrode config- 
uration since it has been found to be optimal 
for pattern evoked potentials (Cobb et al. 
1967; Jeffreys and Axford 1972). 

Amplified EEG signals were prefiltered 
through a Krohn-Hite (Model 330M) 24 dB/ 
octave bandpass filter with c u t o f f  frequencies 
set at 0.1 log unit  above and below the pat- 
tern reversal rate and then analyzed by means 
of  a synchronous narrow-band filtering tech- 
nique similar to that  described by Fricker 
(1962). Steady~tate  visual evoked potentials 
were obtained with two types of recording 
conditions. (1) Under discrete recording con- 
ditions, one spatial frequency at a t ime was 
presented for 10 sec. The prefiltered EEG sig- 
nals were passed through a synchronous nar- 
row-band (0.03 Hz) commutating filter cen- 
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tered on the stimulus reversal frequency.  The 
responses were integrated over the 10 sec 
recording epoch,  rectified and the results dis- 
played on a digital counter.  (2) Under contin- 
uous recording conditions,  counterphase 
flickering gratings were continuously varied in 
spatial f requency from 0.2 to 20 c/deg over 
20 sec. In this condit ion,  the sweep method 
recently described in more detail by  Tyler et 
al. (1979), the  signals passed through a filter 
of  approximately 0.57 Hz bandwidth,  the 
ou tpu t  of  which was rectified and plot ted on 
the Y axis of  an X-Y plotter.  The X position 
was determined by  the ramp producing the 
frequency sweep. Further  details of  our 
recording and data analyses procedure are 
published elsewhere (Tyler et al. 1978,  1979). 

To distinguish neural activity evoked by  
the stimulus from uncorrelated background 
activity at the  stimulus frequency,  the evoked 
potential  amplitudes are expressed in signal- 
to-noise ratios (with the  exception of  raw 
data presentations). The average noise level 
for a given temporal  frequency was obtained 
by  recording the response to a homogeneous 
field at random intervals during each record- 
ing session. The mean signal amplitude for 
each stimulus condition was then divided by  
the empirically determined noise amplitude 
(except in the  s tudy on binocular interactions 
and temporal  frequency).  
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Fig. 1. Level  of  physiological noise as a f u n c t i o n  of  
t e m p o r a l  frequency in logarithmic coordinates for  ob-  
server  AH. These data c o n f o r m  to  a s lope o f  --1 and 
were  o b t a i n e d  b y  r eco rd ing  the response t o  a h o m o -  
geneous  s t a t i o n a r y  f ield under continuous r ecord ing  
conditions. 

The average noise level smoothly at tenuates 
(approximately 1 decade) across a wide range 
of  temporal  frequencies and can typically be 
fi t ted by  a theoretical filter funct ion having a 
slope of  --1 (Tyler et al. 1978). For compari- 
sons across temporal  frequency,  signal-to- 
noise ratio expressions of  response amplitude 
compensate for the resultant at tenuation.  For 
observer AH, noise values as a function of  
temporal  frequency were obtained (Fig. 1) for 
comparisons with his spatial frequency tun- 
ings which were studied from 12 to 72 rever- 
sals/sec (rps) in steps of  3 rps or less. To mini- 
mize the variability within the noise data, noise 
values extrapolated from the theoretical func- 
tion fit to the data were used in the signal-to- 
noise ratios of  AH's spatiotemporal frequency 
maps (see Figs. 7 and 8A,B). 

Reliability of data 
The data obtained for this paper have a 

good reliability. The signal-to-noise ratio of  
the responses was of ten as high as 40 : 1. The 
response variability is shown in key condi- 
tions in the figures. In this and many other 
studies we have found that the standard error 
for a given condition is directly proportional 
to the response amplitude and has a value of  
about  -+1.0 dB (+11%). Exceptions to this 
sometimes occur in the  trough between two 
amplitude peaks, where the standard error 
may be increased to _+ 2.0 dB. 

High intrasession reliability in the  shape of  
the  response profile indicated by  these low 
standard errors is also supported by  the 
response stability over time. A very similar 
profile will be  obtained over months and even 
after a year if the  identical stimulation condi- 
tions are repeated although the overall 
response amplitude and signal-to-noise ratio 
may change. An example of  such a replication 
has been previously reported (Tyler et al. 
1978). The fact that  slight changes in the 
stimulus can have a marked effect on the 
response characteristics makes it necessary to 
control  the stimulus conditions with care in 
order to obtain such replications. For exam- 
ple, in Fig. 3, a change in spatial frequency 
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from 1.0 to 1.2 c/deg would reduce the 
response amplitude by about 60% and elimi- 
nate binocular facilitation. 

Although intra~bserver variability is low, 
detailed localization of  peak responses both in 
spatial and temporal frequency differ mark- 
edly across observers, even though the same 
electrode placement was always used. The 
response in each observer is so specific that  
any at tempt  to average the results across ob- 
servers is liable to present a false picture of 
the individual characteristics, since the speci- 
ficity across observers is probably a result of 
the local arrangement of  the cortex near the 
electrode site. We therefore adopted the 
alternative strategy of  taking each observer's 
results separately, and showing that  similar 
response characteristics may be obtained, 
although under somewhat different stimulus 
conditions for each observer. 

Procedure 
Paid volunteers and laboratory personnel 

participated in these experiments; data are 
presented here from 6 observers. 

The observers, resting comfortably in a 
supine position, viewed an overhead mirror 
image of  the 20 ° X 15 ° CRT display which 
appeared at a distance of  37 cm, unless 
otherwise specified. (Initial studies employed 
a smaller field size as specified in the figure 
legends.) Observers were instructed to fixate a 
central 0.3 ° star or equal size black spot. For 
those studies which involved dichoptic stimu- 
lus presentations, a circular surround subtend- 
ing 10 ° in diameter was placed in front  of  the 
rectangular display. 

Background EEG activity was monitored 
continuously to insure observer vigilance dur- 
ing each recording epoch. The slightest EEG 
distortion, muscle artifact or observer distur- 
bance, was cause for cancellation of the trial 
and additional readings were then obtained. 
Recording was continued only when the nor- 
mal and appropriate baseline noise level was 
attained. 

For discrete recording conditions, a coun- 
terphase vertical sinusoidal grating of  a given 

temporal frequency was randomly varied in 
spatial f requency from trial to trial and pre- 
sented in a counterbalanced fashion for left 
eye, right eye or binocular viewing. Such test- 
ing was repeated across several temporal fre- 
quencies. Binocular and monocular contrast 
functions for a given spatial and temporal fre- 
quency were obtained in a similar fashion 
except that  contrast was varied randomly.  
Monocular responses were obtained by total 
occlusion of  the fellow eye. 

For continuous recording conditions, the 
same procedures described above (for spatial 
frequency functions) were followed, except 
that  the counterphase sinusoidal grating was 
swept in spatial frequency at a slow rate and 
thus appeared to increase (or decrease) in bar 
size within the 20 sec recording epoch. 

Results and discussion 

Binocular interactions and spatial frequency 
The binocular and mean monocular visual 

evoked responses as a function of spatial fre- 
quency at 30 reversals per second (rps) for 
observer DS are plotted in Fig. 2. The upper 
binocular function shows the typical multiple 
and narrow spatial frequency tuning function 
(see Tyler et al. 1978) with peak responses 
occurring here at approximately 1.7 c/deg and 
4.3 c/deg. In normal observers tested in our 
continuing studies, we rarely find a significant 
difference in either the amplitude or phase 
between the right eye (OD) and the left eye 
(OS) responses (see, e.g., Fig. 5) and we have, 
therefore, plotted the monocular response as 
the mean of OD and OS to simplify the data 
presentation for this figure. Of particular 
interest is the fact that  the prominent low 
frequency response peak in the binocular 
function (Fig. 2A) is not  present in the mon- 
ocular function (Fig. 2B}. The binocular 
response in this spatial frequency region 
appears greater than one might expect from 
the summed monocular inputs and suggests a 
limited spatial frequency range where binoc- 
ular facilitation is thus apparent. At the 
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Fig. 2. A:  b inocu l a r  spat ia l  f r e q u e n c y  t u n i n g  a t  30 rps 
for  observer  DS. The  s t imulus  f ield was 7 ° × 6 °. Mean  
l u m i n a n c e  was 6.4 c d / m  2, con t r a s t ,  0 .68.  Each  p o i n t  
r ep resen t s  a m e a n  response  whe re  N ~ 2. B: m e a n  
m o n o c u l a r  spat ia l  f r e q u e n c y  tun ing .  Otherwise ,  same 
as above .  

higher spatial f requency peak facilitation is 
absent and, in fact, there is only partial sum- 
mation. We have previously reported (Apka- 
rian et al. 1977) that  in normals the degree of  
binocular summation may vary between one 
and at least 5 times the mean monocular  
response, depending upon the  spatial and 
temporal  characteristics of  the  stimulus. 

In order to quant ify the degree of  binocu- 
lar interaction we take the sum of the mon- 
ocular responses and assume that  if the 
response to each eye is generated separately, 
the binocular response should be the  linear 
sum. This sum is plot ted as the dashed line in 
Fig. 3B and the solid line is the obtained bin- 
ocular response replot ted from Fig. 2A. 

In order to clarify the  monocular  to binoc- 
ular comparisons, we have plot ted the ratio of  
the binocular to the average monocular 
responses [OU/((OD + OS)/2)] as a function 
of  spatial f requency in Fig. 3A. It is immedi- 
ately apparent that  great variations occur in 
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Fig. 3. A:  ra t io  of  b inocu l a r  r e sponse  to  m e a n  m o n -  
ocular  r e sponse  as a f u n c t i o n  of  spat ia l  f r e q u e n c y ,  
der ived f r o m  da ta  p l o t t e d  in Fig. 2A and  B. No te  the  
s igni f icant  fac i l i t a t ion  ( h a t c h e d  reg ion)  occur r ing  
across ad j acen t  spat ia l  f requenc ies  b e t w e e n  a b o u t  1 
and  3 c]deg. B: da ta  used to  o b t a i n  t he  b inocu la r  
i n t e r ac t i on  ra t ios  (see above) .  Solid l ine represen t s  
b inocu l a r  spat ia l  f r e q u e n c y  t u n i n g  as in  Fig. 2A. 
Dashed  l ine r ep resen t s  t he  s u m m e d  m o n o c u l a r  
responses .  I f  t he  b inocu la r  response  co inc ided  w i th  
th is  dashed  l ine,  th is  wou ld  ind ica te  pe r f ec t  s u m m a -  
t i on  (B/M = 2). 

the degree of  binocular interaction, ranging 
from zero summation (B = M) to binocular 
facilitation (B = 3M). As is usual in observers 
with normal vision (see also Amigo et al. 
1978; Wanger and Nilsson 1978),  no binocu- 
lar inhibition (B < M) is se'en here. 

Because of  the  high dependence of  binocu- 
lar interactions on spatial f requency,  identify- 
ing and isolating particular regions of  inhibi- 
tion, summation,  or facilitation for clinical or 
research purposes is cumbersome and t ime 
consuming. This drawback can be  offset  by  a 
technique which can rapidly sample different 
spatial frequencies such as the continuous 
recording or sweep technique described in 
Methods.  Binocular interaction data at 28 rps 
obtained with the  spatial f requency sweep are 
presented in Fig. 4A--E for another observer 
HS. Each raw trace represents the response to 
a complete range of  spatial frequencies and is 
obtained in 20 sec. The lower traces give the 
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Fig. 4. Binocular fac i l i tat ion for observer HS at 28 rps 
c o m p u t e d  from data presented  be low.  St imulus  field 
was 20 ° x 15 °, contrast, 0.8. A: binocular to m o n o c -  
ular ratio obta ined  b y  dig i t izat ion o f  the  responses  in 
B, D and E. Hatched areas represent  fac i l i tat ion.  B: 
raw binocular  response  (OU) as a function of spatial  
frequency. T w o  separate trac~s are super imposed  to 
s h o w  the repeatabi l i ty  o f  the  responses .  Each trace 
was ob ta ined  in 20  sec  and represents  the c o n t i n u o u s  
analog s w e e p  output .  C: c o m p u t e d  mean  right eye  
plus mean left  eye  responses .  The  monocu lar  
responses  were digi t ized and means  were obta ined  for 
the  right eye  and lef t  e y e  responses .  The average 

raw o u t p u t  for  2 sweeps  for  the  r ight  eye  
(Fig. 4D) and  the  left  eye  (Fig. 4E) .  Di rec t ly  
above  is the  sum o f  t w o  m e a n  m o n o c u l a r  
responses  (OD + OS) (Fig. 4C). Fig. 4B shows 
the  raw b inocu la r  responses  to  the  same st im- 
ulus as the  m o n o c u l a r  responses .  The  ma in  
fea tu res  o f  these  resul ts  are qual i ta t ive ly  simi- 
lar to  those  in Fig. 3 and  the  ra t io  o f  the  bin- 
ocular  to  the  m o n o c u l a r  responses  shows a 
range  o f  in te rac t ions  f r o m  zero s u m m a t i o n  
(B = M) to  a p r o n o u n c e d  b inocu la r  facil i ta- 
t i on  (B > 5M). 

Despi te  the  fac t  t ha t  the  b inocu la r  facil i ta-  
t i on  is spat ia l  f r e q u e n c y  d e p e n d e n t ,  it should  
be  n o t e d  t h a t  it does  no t  seem to  be  associ- 
a ted  wi th  par t icular  peaks  in the  m o n o c u l a r  
spat ia l  f r e q u e n c y  func t i on  which  occur  (for  
Fig. 4) a r o u n d  1 c /deg  and  a r o u n d  5.0 C/deg. 
This  is cons i s ten t  wi th  t he  no t i on  t h a t  unde r  
b inocu la r  s t imu la t ion ,  the re  is a separa te  bin- 
ocular  r e sponse  added  to  the  m o n o c u l a r  
r e sponse ,  resul t ing in t he  a p p e a r a n c e  o f  facili- 
t a t ion .  In add i t ion ,  t o  a c c o u n t  fo r  the  pres-  
ence o f  zero s u m m a t i o n  in s o m e  regions,  it is 
p r e s u m e d  tha t  the  m o n o c u l a r  responses  are in 
a cond i t i on  o f  inh ib i t ion  or  r ivalry wi th  each 
o t h e r  unde r  b inocu la r  s t imu la t ion  condi t ions .  

Zero binocular s u m m a t i o n  in normal  ob- 
servers 

In  general ,  we f ind,  as do  several  au thor s  
(Campbe l l  and  Maffei  1970;  Cig~nek 1970;  
White and Bonelli  1970;  Har t e r  et  al. 1973;  
Arden  et al. 1974) ,  t h a t  the  b inocu la r  
r e sponse  is usual ly grea ter  t h a n  e i ther  m o n o c -  
ular response ,  b u t  it is i m p o r t a n t  to realize 
t ha t  the re  are excep t ions  to  this  general iza-  
t ion  in no rma l  as well  as in a b n o r m a l  ob-  
servers.  Fig. 5 is p resen ted  as one  e x a m p l e  o f  
zero b inocu la r  s u m m a t i o n  (B = M} in a nor-  
mal  observer  over  a wide  range o f  spat ial  fre- 
quencies .  The  t o p m o s t  p lo t  (Fig. 5A) repre-  
senus t he  b inocular  to  m o n o c u l a r  ra t ios  f r o m  

monocular responses were then summed. D : raw right 
eye (OD) responses as a function of swept spatial fre- 
quency. E: raw left eye (OS) responses as a function 
of swept spatial frequency. 
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Fig. 5. Zero summation for observer DL at 20 rps 
from data obtained under discrete recording condi- 
tions. Stimulus field was 13 ° × 14 °, contrast, 0.8. A: 
binocular to monocular ratio computed from dis- 
crete responses in B and C. B: binocular spatial fre- 
quency tuning. Error bars represent standard error.of 
the mean (N > 2). Uniform field flicker response 
plotted at 0 spatial frequency on the ordinate. C: 
right eye (open circles) and left eye (open squares) 
spatial frequency tuning. D: temporal phase as a 
function of  spatial frequency for binocular (closed 
circles), right eye (open circles) and left eye (open 
squares) responses. 

the  binocular responses of  Fig. 5B and the 
monocular  responses of  Fig. 5C. Both the 
right eye and left eye responses have been 
included here rather than the mean monocu- 
lar response to  re,emphasize the  equality 

between the two eyes typically obtained with 
normal observers. 

This equality is also seen in the monocular  
and binocular temporal  phase responses 
{Fig. 5D), and is an important  control  against 
the presence of  electrical cancellation in the 
binocular VEP due to temporal  phase differ- 
ences in the  responses f rom the two eyes. If 
the recorded phase of  each monocular  
response is equal for a given spatial frequency,  
the responses must add from an electrical 
standpoint,  since electrical subtraction occurs 
only for phase differences near 180 ° . In addi- 
t ion, temporal  phase can show that subtrac- 
rive electrical interactions are also not  occur- 
ring between different neural populations and 
that the  double-peaked nature of  spatial fre- 
quency tunings is therefore the product  of  
some as yet  undetermined type  of  neural 
mechanism (Tyler et al. 1_978). 

Zero summation (B = M) is present, in this 
case, across approximately a 3 octave range of  
spatial frequencies. This lack of  summation is 
then flanked by  partial summation (B < 2~I). 
Facilitation ( B >  2~I) is present here, bu t  
only for the uniform field flicker response 
which is plotted on the ordinate at 0 spatial 
f requency (see Fig. 5, far left). The uniform 
field flicker response is obtained with a ho- 
mogeneous field that  flickers at the same 
temporal  frequency as the grating modulat ion 
(i.e., half the  contrast reversal rate). Under 
this condit ion,  the second harmonic response 
to uniform field flicker is recorded. The lumi- 
nance resPonse amplitudes s.hown here are less 
than the peak amplitude~ of  the  pattern 
responses. It is of  interest tO compare  the uni- 
form field 'flicker and pattern responses with 
respect to binocular summation.  Note that  
the  lower uniform field response suggests that  
the  pattern responses are produced by  several 
pattern~pecific mechanisms and are not  based 
on interact ions between a single luminance 
response and a single pattern response (cf., 
Regan, 1978).  

We have found several conditions under 
which zero summation in a normal observer 
can occur in the  absence of  perceived binocu- 
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lar rivalry. First, zero summation most fre- 
quently occurs at trough spatial frequencies as 
seen here and in Fig. 4. Second, zero summa- 
tion can occur, although infrequently,  within 
a spatial frequency region not  associated with 
a reduced VEP response (e~., Figs. 5 and 9). 
Third, zero summation can occur at low con- 
trast values (e.g,, Fig. 6), and fourth,  zero 
summation can occur for uniform field flicker 
responses, as recently observed in a more 
detailed investigation of  binocularity and con- 
trast modulation (Apkarian and Tyler 1980}. 
It is clear from these results tha t  the binocular 
response in observers with normal binocular 
vision is not  always greater than the corre- 
sponding monocular responses. This fact 
places severe limitations on the recently 
described (Fiorentini et al. 1978; Amigo et al. 
1978) clinical use of the binocular VEP am- 
plitude as an indicator of  or as a screening 
technique for abnormal binocular vision. 

Binocular interactions and contrast 
Binocular interactions can also vary as a 

function of contrast. Binocular and mean 
monocular responses as a function of  contrast 
were obtained at the two binocular peak spa- 
tial frequencies of 1.7 c/deg and 4.3 c/deg 
(Fig. 6, bot tom panels) obtained from the 
spatial frequency tuning curve of  Fig. 2A. If 
perfect summation (B = 21~) is present, the 
binocular response would equal the linear sum 
of  the monocular responses and thus B/M = 2, 
as is indicated by the uppermost horizontal 
line of  the top panels. Perfect summation as 
such is present for the low spatial frequency 
contrast function (Fig. 6A) predominantly 
around C = 0,4. Partial summation (M < B < 
2M) appears between C = 0,20 to C = 0.30. 
Facilitation (B > 2M) is most clearly evident 
for contrast values between C = 0.50 and C = 
0.80 with maximum facilitation occundmg 
between C =0.60  and C = 0.70. It is of  
interest to note that  this contrast function 
does not  saturate. Although saturation is 
dependent  upon several stimulus and record- 
ing conditions (Spekreijse et al. 1973; Kuli- 
kowski 1977), the lack of  saturation at this 
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Fig. 6. Upper panels: computed binocular/monocular 
ratios plotted from the contrast data below, showing 
noticeable facilitation only between C = 0.50 and 0.80 
for the contrast function obtained at 1.7 c/deg (left 
panel). Lower panels: binocular contrast function 
(solid circles) obtained at 1:7 (A) and 4.3 c/deg (B) 
for observer DS at 30 rps. Monocular contrast func- 
tions (open circles) at the same spatial frequencies 
(N/> 2). Arrow indicates contrast value of 0.68, 
which is the same as that used to obtain the spatial 
frequency curve shown in Fig. 2. Mean luminance 
(6.4 cd/m 2 ) and stimulus field size (7 ° x 6 ° ) were the 
same as in Figs: 2 and 3. 

mean luminance (6.4 cd/m 2) and at this low 
spatial frequency does not  conform with pre- 
viously reported findings. 

For the contrast function at the higher spa- 
tial frequency (rightmost plot, Fig. 6B), typi- 
cal saturation as such is again absent. The 
sharp response at tenuation seen at the high 
contrast values is greater than one might 
expect from saturation alone and thus has 
been labeled 'oversaturation'. Apparent linear 
summation is also more evident for this con- 
trast function though deviations from 
B/M = 2 are clearly evident. As with the lower 
spatial frequency, partial summation occurs 
most dramatically at lower contrast values. 

In general, these results show that the low 
spatial frequency facilitation of Fig. 6A and 
the high spatial frequency partial summation 
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of Fig. 6B for contrast values of approxi- 
mately 68% (see arrow) are in direct accord 
with the spatial frequency tuning results ob- 
tained at this contrast under the same tempo- 
ral frequency condition (see Fig. 2). However, 
these contrast data do not follow the simple 
linear monocular and binocular relationship 
of VEP amplitude to log contrast described 
by Campbell and Maffei (1970), who showed 
a linear relationship between VEP amplitude 
and log contrast with monocular and binocu- 
lar responses of the same observer sharing a 
common slope. They reported that the binoc- 
ular response was simply shifted left along the 
contrast axis by x/2 in comparison to the 
monocular function. While it could be argued 
that the data of Fig. 6A and B could be fit 
with a straight line over some range of con- 
trast values, the relationship of monocular to 
binocular responses seen here differs from 
that described by Campbell and Maffei 
(1970). 

Binocular interactions and temporal fre- 
quency 

Srebro, in a recent article (1978), reported 
facilitation with binocular responses approx- 
imately 30% (B = 2.6M) larger than the sum 
of the monocular responses. This facilitation 
was obtained at low contrasts (C < 0.20) and 
at a normalized peak temporal frequency. The 
peak temporal frequency was obtained by 
averaging the temporal fsequency responses 
across the results of 4 normal observers. 

Srebro attributes the facilitation obtained 
to persistence in uncovering it, as well as to 
the large number of subjects tested. We agree 
with the former, but find that a large sample 
of observers is usually unnecessary when indi- 
vidual response specificity is taken into 
account. 

Although Srebro found facilitation at one 
normalized peak temporal frequency, we find 
that binocular interactions, in general, are 
specific to temporal frequency, as well as to 
spatial frequency and contrast, and that facili- 
tation, specifically, can occur at a temporal 
frequency which does not necessarily yield 

the greatest monocular response. In addition, 
we find that observers can exhibit dissimilar 
temporal frequency peak responses. A tempo- 
ral peak response for one observer can be, for 
example, the trough for another. 

We therefore measured the binocular and 
monocular spatial frequency tuning as a func- 
tion of temporal frequency for observer AH. 
The response amplitudes, obtained under con- 
tinuous recording conditions (see Methods), 
were digitized and converted to signal-to-noise 
ratios. Because of the high resolution and 
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Fig. 7. Contour map of  the binocular spatial and 
temporal frequency tunings for observer AH obtained 
by the sweep method.  Note that the temporal fre- 
quency ordinate is expanded by a factor of  4 relative 
to the abscissa, and oblique line represents spatio- 
temporal reciprocity. Amplitude is expressed in  sig- 
nal-to-noise ratio indicated by shades of  grey With 
dark regions representing higher amplitudes. Stimulus 
field was 20 ° × 15 °, contrast, 0.8. 
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wide range of temporal and spatial frequency 
responses tested (12--72 rps and 0.2--20 c/ 
deg), these data have been presented in the 
form of spatiotemporal frequency (STF) con- 
tour maps (e.g., Fig. 7). The summed monoc- 
ular (OD+OS)  responses are shown in 
Fig. 8A, the resultant binocular to monocular 
[OU/((OD + OS)/2)] interactions in Fig. 8B. 

The typical features of the VEP as a func- 
tion of spatial and temporal frequency are 
evident for both the binocular and monocular 
STF maps. The narrow temporal frequency 
tuning observed can show a dramatic response 
amplitude attenuation with less than a 10% 
change in temporal frequency. For example, 
the narrow peak at 48 rps for approximately 
4 c/deg drops more than 50% from 48 to 52 

rps. (The width of the temporal tuning is 
actually narrower than it appears due to 
expansion of the temporal frequency axis by 
a factor of 4 to facilitate presentation of the 
data.) In addition to the narrow and multiple 
temporal frequency tuning, narrow and mul- 
tiple spatial frequency tuning is also shown. 

In the STF maps obtained thus far in our 
continuing studies, all observers show a ten- 
dency toward spatiotemporal reciprocity 
(Tyler et al. 1978). That is, at higher temporal 
frequency regions, there is a tendency for the 
pattern response to shift toward the lower 
spatial frequencies: Spatiotemporal recipro- 
city (solid, oblique line) occurs under both 
binocular (Fig. 7) and monocular (Fig. 8A) 
conditions. 

A 
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Fig. 8. A:  c o n t o u r  m a p  of  t he  s u m m e d  m o n o c u l a r  spat ia l  and  temporal frequency tunings .  Details  are the  same as 
in Fig. 7, except that equivalent shades of  grey represent twice the signal-to-noise ratio (OD + OS). B:  contour 
m a p  of  the binocular interactions of  Figs. 7 and  8A. Shades  of  grey represent binocular to m o n o c u l a r  ra t io  values. 
Hatched areas r ep resen t  faci l i ta t ion.  F o r  o t h e r  details ,  see Fig. 7. 
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For the monocular  STF map (Fig. 8A), a 
number  of  peak spatial and temporal  fre- 
quency responses can be seen throughout ,  
e.g., approximately at 18 rps (3 c/deg), 30 rps 
(6 c/deg), 38 rps (0.6 c/deg), 42 rps (4 c/deg), 
58 rps (1 c/deg). It is important  to note that  
the  regions of  facilitation (B > 2M) seen in 
Fig. 8B (hatched regions) generally occur at 
the temporal  and spatial frequencies for 
which there is a corresponding absence of  
peak monocular  responses. This lack of corre- 
spondence between binocular facilitation and 
monocular  peak responses (which was 
described in two other  observers as well, 
Figs. 3 and 4) further  corroborates the notion 
that  binocular mechanisms respond indepen- 
dent ly  of  the underlying monocular  responses. 
The 4 most robust and reliable regions of  bin- 
ocular facilitation for this observer occur 
between approximately 14 and 18 rps at 0.3-- 
0.6 c/deg and between approximately 20 and 
34 rps at 0.2--0.6, at 0.4--1.4, and at 1.6--4 
c/deg. In the observers tested thus far, facili- 
tat ion is typically most  predominant  in the 
low to medium temporal  and lower spatial 
f requency regions as seen here. 

Relationship to stereopsis, fusion and rivalry 
As stated previously, we presume that  bin- 

ocular facilitation has some relationship to 
the mechanism of  stereopsis because the bin- 
ocular response can be greater than the  sum 
of  the  monocular responses only if there is 
some kind of  facilitatory binocular interac- 
tion. This facilitatory interaction could, how- 
ever, be a property of  the  binocular fusion 
system. To test whether  binocular facilitation 
is a property of  the  stereoscopic system, 
rather than the  binocular fusion system, we 
expanded the experimental paradigm to 3 
conditions of  grating orientation: ( I)  binocu- 
lar Vertical, (2) binocular horizontal,  and (3) 
dichoptic with a horizontal  grating to one eye 
and a vertical grating to the other.  

By appropriate spatial and temporal  tuning 
with a counterphase binocular vertical grating 
stimulus, we obtained, in two different  ob- 
servers, a robust and reliable region of  facilita- 
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Fig. 9. Binocular (solid line, lower panels) and 
summed monocular (dashed line, lower panels) spatial 
frequency tunings with vertical gratings for observer 
CWT (left) at 21.5 rps and for TR (right) at 20 rps. 
Upper panels depict  binocular interaction ratios. 
Stimulus field was 10 ° in diameter,  contrast,  0.8. 

t ion (Fig. 9) which is a consistent occurrence 
across a range of  adjacent test points within a 
given stimulus condition. In Fig. 9, the  two 
lower panels depict the  summed monocular  
(dashed lines) and the binocular (solid lines) 
responses across a spatial f requency range of  
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Fig. 10. Binocular (solid line, lower panels) and 
summed monocular (dashed line, lower panels) spatial 
frequency tunings with horizontal gratings fo~ ob- 
server CWT (left) at 21.5 rps and for TR (right) 'at  20 
rps. Upper panels depict  binocular interaction ratios. 
Other stimulus conditions are same as in Fig. 9. 
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Fig. 11. Binocular (solid line, lower panels) and 
summed monocular (dashed line, lower panels) spatial 
frequency tunings under dichoptic stimulus condi- 
tions with a vertical grating to one eye and a horizon- 
tal to the fellow eye for observer CWT (left) at 21.5 
rps and for TR (right) at 20 rps. Upper panels depict 
binocular interaction ratios. Other stimulus condi- 
tions are the same as in Fig. 9. 

0.2--20 c/deg. The upper panels depict  the 
binocular interaction ratios. Note the areas of  
facilitation between 0.3 and 1.3 c/deg for  ob- 
server CWT (B = 3M) at 21.5 rps and between 
1 and 3 c/deg for observer TR (B > 31~) at 20 
rps. Although the detailed localization of  
facilitation in both spatial and temporal  fre- 
quency differs for each observer, it can be 
seen (Figs. 10 and 11) that  both  response pro- 
files change in a similar fashion as a function 
of  stimulus orientation. 

It is well known (Hering 1879; Tschermak 
1931) and more recently investigated by 
Westheimer (1978) that  stereoscopic depth 
arises only from horizontal retinal disparities. 
Westheimer reported that  horizontal  dispar- 
ities, whether  accompanied by vertical dispar- 
ities or not ,  induced the appearance of  depth,  
whereas vertical disparities did not .  

In accord with Westheimer's results is a 
recent  investigation of  single units in the  cat 
striate cor tex by Von der Heydt  et al. (1978).  
They found tha t  the preferred orientat ion of  
disparity sensitive cells was vertical and that  
disparity cells with horizontal  preferred orien- 

ration were less frequent.  They also found 
that  the dramatic facilitation which they 
recorded was critically dependent  upon dis- 
parity. The preferred and optimal vertical 
orientations, the disparity sensitivity, and the 
fact that  these disparity units responded best 
to disparities in different  parts of  the field, 
led Von der Heydt  et al. to conclude that 
these units serve a stereoscopic function.  

A vertical grating stimulus contains discrete 
horizontal disparities o f  zero and all multiples 
of  the bar width, whereas a horizontal  grating 
stimulus does not ,  since a horizontal  grating 
can only contain vertical disparities. If the 
regions of  facilitation seen in Fig. 9 reflect an 
underlying stereoscopic mechanism, then pre- 
senting a binocular horizontal  grating stimulus 
should result in the abolition of  the facilita- 
tion induced by the binocular vertical grating 
stimulus. Fig. 10 shows the results of  just 
such a comparison. The facilitation under the 
binocular vertical grating condit ion is now 
reduced under the binocular horizontal grat- 
ing condit ion (Fig. 10). In fact, the  responses 
from the previous regions o f  facilitation are 
now (within experimental  variability) approx- 
imately equal to the sum of  the monocular  
responses (B = 2M ) as might be expected from 
a stimulus condit ion which favors binocular 
fusion rather than stereopsis. 

If it is valid to presume that  stimulation 
with a horizontal  grating produces activity in 
the binocular fusion system (Fig. 10), then a 
condit ion of  rivalry should disrupt the fusion 
induced by the horizontal grating stimu- 
lus. Rivalry was induced by presenting a 
vertical grating to one eye and a horizontal  
grating to the other.  Under these conditions, 
observers reported seeing a rivalry between 
the horizontal  to vertical gratings. This condi- 
t ion of  rivalry reduced the binocular summa- 
t ion response to near zero summation (B = 
M) (Fig. 11). The regions of  binocular sum- 
mation for each observer (Fig. 10) which had 
previously shown facilitation (Fig. 9) were 
now roughly equal to the amplitude of  a sin- 
gle monocular  response (Fig. 11). 

Binocular suppression in the absence of  
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rivalry as discussed previously occurs under 
the  vertical grating condit ion for observer TR 
(Fig. 9) in the high spatial f requency region. 
Zero summation as such is absent for the 
same area under horizontal viewing conditions 
(Fig. 10). As a tentative explanation, we 
would like to suggest that  a binocular mech- 
anism stimulated by  the vertical grating con- 
dition is actively suppressing the separate 
monocular  responses. Note  that  this mecha- 
nism is not  present for the horizontal grating 
condit ion and, therefore,  cannot  produce 
monocular  suppression. 

Summarizing, despite the complexi ty of  
peaks and troughs, acceleration and saturation 
in both  the monocular  and binocular 
responses of  the pattern VEP, there are some 
generalizations that  can be  made regarding the 
characteristics o f  binocularity in the VEP data 
we have obtained.  

(1) The types  of  binocular interactions 
across our stimulation conditions range from 
suppression to marked facilitation, although 
under most  stimulation conditions, the bin- 
ocular VEP shows partial or complete  summa- 
t ion with respect to the monocular  responses. 
Thus if one chose a stimulus condition at ran- 
dom,  there would be a high probabili ty of  ob- 
taining a summation ratio be tween 1 and 2, 
which can explain the  results o f  most  previous 
VEP studies. It is important  to note  that  
complete  summation does not  imply the pres- 
ence of  binocular interactions, but  would be 
expected solely from an electrical addition of  
the  responses from two populations of  mon- 
ocular neurons stimulated independently.  Par- 
tial summation does imply that  some type  of  
binocular system is present. If there are bin- 
ocular neurons in addition to the monocular  
neurons, as suggested by  cortical neurophysi- 
ology (Hubel and Wiesel 1963),  then partial 
summation implies the presence of  conver- 
gence or inhibition be tween the populations 
of  neurons. 

(2) Under a small set of  stimulus condi- 
tions, we find marked binocular facilitation 
with respect to the  monocular, responses. This 
raises the  question of  whether  such facilita- 

t ion occurs in the same neurons as the  mon- 
ocular responses, or represents the activity of  
a different set of  binocular neurons with dif- 
ferent stimulus processing characteristics. We 
have argued elsewhere that  the  spatiotemporal 
response peaks of ten represent the activity of  
separable classes of  neurons. In the  present 
results, we find that  the peaks of  binocular 
facilitation bear no orderly relation to the 
monocular response peaks. Binocular facilita- 
t ion peaks can occur at a monocular  peak, on 
its flank, or in regions with no monocular 
peak. It is therefore probable that  the pres- 
ence of  binocular facilitation reflects the  
activity of  a separate set of  binocular neurons 
with different spatiotemporal tuning from the 
monocular  responses. (It is also possible that  
the same set o f  cells change their response 
characteristics under monocular  and binocular 
stimulation, but  there is little neurophysiolog- 
ical support  for such changing characteris- 
tics.) Thus the data are consistent with the 
hypothesis  that  the separate responses from 
monocular  and binocular neurons can be dis- 
tingulshed in the scalp VEP. 

(3) The fine tuning of  response characteris- 
tics with small changes in spatiotemporal  
stimulus conditions extends to the domain of  
stimulus contrast. Not  only the  response am- 
plitude, but  also the  degree of  binocular 
summation and facilitation can vary markedly 
with slight variations in contrast.  Further- 
more,  we find that with increasing contrast,  
the binocular response usually shows a steeper 
slope than the monocular  response (although 
there are some clear exceptions).  Thus the 
nature of  binocular interactions as a function 
of  contrast depends radically on the other  
stimulus conditions used in the determina- 
tion. 

(4) Regions of  binocular facilitation found 
under a few stimulus conditions occur in the  
presence of  horizontal disparity as would lbe 
expected if binocular facilitation were related 
to stereoscopic processing of  horizontal dis- 
parities, while other  regions do not.  

(5) The complexi ty  of  our data places 
severe limitations on the use of  the VEP for 
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the assessment of  binocularity in patients 
with dis turbances of  binocular function,  such 
as strabismic amblyopia.  A lack of  binocular 
facilitation or summation for a given stimulus 
condition may simply reflect the choice of 
inappropriate stimulus conditions. 

Conclusions 

This detailed exploration of  binocular 
function using VEP recording techniques sug- 
gests that  the discrepant reports of  binocular 
interactions in the VEP literature can, in part, 
be explained by  the high degree of  VEP spec- 
ificity to varying stimulus determinants. The 
stimulus specificity upon which the range of  
binocular interactions is dependent  includes 
spatial frequency,  temporal  frequency,  con- 
trast and orientation. During the course of  
this study, these 4 stimulus parameters have 
been examined in fine detail, but  it is proba- 
ble that other variables, such as luminance, 
retinal location, electrode placement,  field 
size, and the like are also contributing factors. 

Although specificity and narrow tuning of  
receptive field responses at the single unit 
level has been known for several years, the 
information has not  been integrated into 
evoked potential studies. It appears that  pre- 
vious VEP researchers at tempting to s tudy 
binocular interactions have failed to realize 
the full specificity of  macroelectrode record- 
ing procedures. The results from this report  
suggest that  fine stimulus tuning techniques 
may allow recordings f r o m  isolated and lim- 
ited classes of  specifically tuned cortical neu- 
rons, rather than large broad classes of  heter- 
ogeneous neural populations. Optimization 
techniques which rely upon fine tuning pro- 
cedures here, for example, allowed the identi- 
fication and s tudy of  a high degree of  VEP 
binocular facilitation. These facilitation 
results, as well as the VEP specificity 
described here, are more akin to single unit 
specificity than to previous evoked potential 
results. It is hoped that the techniques 
described here  will allow the visual evoked 
potential to serve as a tool  for further human 

electrophysiological investigation of  stereop- 
sis, fusion and rivalry, bo th  in normal and in 
clinical populations. 

Summary 

The electrophysiology of  normal binocular 
function was investigated by studying the 
binocular interactions from monocular and 
binocular visual evoked potentials (VEPs) 
recorded under a range of  stimulus condi- 
tions. The amplitude and phase of  the steady- 
state VEPs, which were obtained with sinus- 
oidal gratings temporally modulated in coun- 
terphase, were measured with synchronous 
narrow-band filtering techniques. Binocular 
interactions were investigated as functions of  
spatial frequency,  temporal  frequency and 
contrast. Detailed sampling and testing within 
each stimulus domain revealed an unprece- 
dented degree of  VEP specificity in the extent  
of  binocular interaction, which varied from 
zero summation to pronounced facilitation. 

Binocular facilitation was explored in terms 
of  its relation to the neural mechanisms sub- 
serving binocular function.  VEP correlates of  
rivalry, fusion and stereopsis were obtained. 

The facilitatory binocular interactions, 
revealed by  careful spatial and temporal  stim- 
ulus manipulations, were akin more to the 
neurophysiological responses of  single neu- 
rons than to previously reported evoked po- 
tential work. The relationship between the 
specificity and narrow tuning of  the binocular 
interactions recorded with VEP techniques 
and those recorded with single unit tech- 
niques is discussed. 

Rdsumd 

Binocularitd dans le potentiel  dvoqud visuel 
chez l 'homme: facilitation, sommation et 
suppression 

On a cherch~ ~ cerner l '~lectrophysiologie 
de la fonction binoculaire normale par t '~tude 
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des  in te rac t ions  b inocu la i res  en t re  po ten t i e l s  
~voqu~s visuels (PEV) m o n o -  e t  b inocula i res  
enregistr~s dans  une  g a m m e  de  cond i t i ons  de  
s t imula t ion .  L ' a m p l i t u d e  e t  la phase  des  PEV 
en r~gime stable ,  o b t e n u s  avec des  r~seaux 
s inuso idaux  t e m p o r e U e m e n t  modu l~s  en  op-  
pos i t i on  de phase ,  f u r e n t  mesur~es  avec des  
t e chn iques  de  f i l t res s y n c h r o n e s  ~ b a n d e  
~troi te .  Les  in te rac t ions  b inocula i res  f u r en t  
~tudi~es en  t a n t  que  f o n c t i o n s  de  la f r4quence  
spat iale ,  de  la f r~quence  t e m p o r e U e  et  du  con-  
t ras te .  En  e f f e c t u a n t  des ~chant i l lonnages  e t  
des  tes t s  precis ,  p o u r  chaque  d o m a i n e  de 
s t imula t ion ,  on  a p u  n o t e r  un  degr~ sans pre-  
c e d e n t  de  sp~cificit~ des PEV dans  l ' ~ t endue  
des  in t e rac t ions  b inocula i res ,  lesquelles 
va r ien t  d ' u n e  s o m m a t i o n  nulle ~ u n e  facil i ta-  
t i on  p rononc~e .  

La  fac i l i t a t ion  b inocu la i re  a ~t~ exp lor~e  en 
t e r m e s  de  sa re la t ion  avec les m~can i smes  neu-  
r o n a u x  qui  sous - t enden t  la f o n c t i o n  b inocu-  
laire. Des  cor re la t ions  en t re  PEV o n t  ~t~ ob-  
t enues  p o u r  le conf l i t ,  la fus ion  e t  la st~r~op- 
sis. 

Les  in te rac t ions  b inocula i res  faci l i ta t r ices  
r~v~14es pa r  des  m a n i p u l a t i o n s  f ines du  s t imu-  
lus spat ia l  e t  t e m p o r e l  se son t  m o n t r ~ e s  plus 
p roches  des  donn~es  sur les r~ponses  uni ta i res  
des  uni t4s  isol~es qu '~  ceUes pr~c~dentes  sur 
les po ten t i e l s  ~voqu~s. O n  discute  des  rela- 
t ions  en t re  la spdcificit~ e t  l ' a cco rd  ~ t ro i t  des 
in te rac t ions  b inocula i res  enregistr~es avec les 
t e chn iques  de  PEV e t  c eux  enregistr~s avec les 
t echn iques  uni ta i res .  
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