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Abstract-Monocular and binocular motion aftereffects (MAE@ are described which were contingent 
upon which eye@) was (were) exposed to the adapting motion. Subjects viewed clockwise rotation of a 
patterned disc with their left eye, alternating every 5 set with anticlockwi~ rotation seen with their right 
eye, for a IO-mm adapting period. Result: they saw au anticlockwise motion aftereffect with their left eye, 
and a clockwise MAE with their right eye. These monocular MAEs lasted for only 2-20 sec. but could be 
elicited repeatedly over a 2-6min period, and could still be re-elicited two hours later. In a second 
experiment, subjects adapted for 10min to the fotlowing cycle of 5-set rotations: left eye, clockwise: 
right eye, clockwise: and both eyes together, anticlockwise. Result: they saw an anticlockwise MAE with 
their left eye only or with their right eye only, and a clockwise MAE when both eyes were open. A model 
of monocular and binocular inputs to motion sensitive neural channels is proposed. 

Foilowing inspection of a slowly rotating disc, a sub- 
sequently viewed station~y disc often appears to be 
rotating back in the opposite direction. This is the 
well-known motion aftereffect. It is produced by 
movement of contours across the retina, and is inde- 
pendent of eye movements (Sekuler and Gang, 1963; 
Anstis and Gregory, 1965). It is probably caused by 
adaptation of neural units which are selective to the 
direction of seen motion (Barlow and Hill, 1963; Sri- 
nivasan and Dvorak, 1979). Such units have been 
found in most vertebrate species (reviewed by Griisser 
and Gri.isser-Cornehls, 1973). Our study used psycho- 
physical methods to assess the probabie sites of 
motion aftereffects within the human visual system, 
based on techniques devised by Anstis and Moulden 
(1970) and especially by Vidyasagar (1976). 

Motion aftereffects show interocular transfer. A 
motion aftereffect induced by inspecting an adapting 
motion with the left eye can be elicited by viewing a 
stationary test surface with the right eye (Favreau, 
1976). However, this finding tells us little about the 
physiological site of the aftereffect. It does not demon- 
strate an origin central to the locus of binocular 
fusion, for instance, because it might well be that the 
adapted (left) eye is sending up a retinal aftereffect 
signal which is combined somewhere in the brain with 
the signal of a stationary test field from the unadapted 
right eye, Barlow and Brindley (1963) and Scott and 
Wood (1971) used a pressure-blinding technique to 
avoid this difficulty. Barlow and Brindley found inter- 
ocular transfer even when the adapted eye was pres- 
sure-blinded between looking at the adapting motion 
with one eye and examining for its aftereffect in the 
other. This showed that the MAE did not reside in 
activity in the retinal ganglion cells. Various other 

studies have shown that the MAE is probably central. 
not retinal, in origin, and that it involves both mono- 
cular and binocular channels in the brain. Wohlge- 
muth (1911) found that if one looks at a rotating 
spiral with one eye, and at another spiral rotating in 
the opposite direction with the other eye, one can 
elicit inde~ndent MAEs from each eye separately, 
although no MAE is seen when both eyes are open. 
These MAEs presumably lie in monocularly driven 
channels. Anstis and Moulden (1970) replicated this, 
and also used a stroboscopic display to share out the 
motion information between the two eyes. They 
gashed an interleaved stroboscopic sequence to the 
two eyes, designed so that the left eye on its own saw 
clockwise motion, and so did the right eye on its own. 
but the two eyes together saw anticlockwi~ motion. 
Subsequently, subjects saw a brief clockwise MAE, 
which must have been central to the point of binocu- 
lar fusion. Papert (1964) reached a similar conclusion, 
using a dynamic random-dot stereogram in which 
neither eye on its own could see a coherent pattern, 
but moving stereoscopic bars could be seen when the 
two eyes fused the disparate sets of random dots. In- 
spection of these cyclopean bars gave rise to a short- 
lived MAE, which must have been central to the point 
of binocular fusion. 

Blake (1972, f974) applied some of these techniques 
to another aftereffect, namely contrast threshold ele-. 
vation following inspection of a stationary grating. He 
used pressure-blinding to show that the threshold ele- 
vation was more central than the retina (1972), and 
the rivalry technique to show that it was peripheral to 
the point of binocular rivalry (1974). 

Moulden (1980) measured the duration of MAEs 
produced by adapting one or both eyes, and then 
testing either the same eye, the other eye, or both 
eyes. He concluded that MAEs could result from the 
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adaptation of either monocular or binocular neurons. 
and that the strength of the MAE depended upon 
what subset of the tested neurons had been previously 
exposed to motion. 

We used a modified interocular transfer design in 
two experiments. In our first experiment, the stimulus 
was alternately a disc rotating to the left, seen by the 
left eye. and the same disc rotating to the right and 
seen by the right eye. Result: when the two differently 
adapted eyes alternately viewed a stationary test disc, 
each eye saw its own aftereffect. These aftereffects 
were presutnab~y built up either in retina) neurons. or 
(more probably) in more central neurons which 
received monocular inputs. In our second experiment, 
three stimuli were presented cyclically: a disc rotating 
to the right seen by the left eye, then the same disc 
still rotating to the right seen by the right eye. then 
the same disc now rotating to the left, seen by both 
eyes open together. Result: each eye alone saw an 
aftereffect apparently to the left, while both eyes when 
open together saw an aftereffect to the right. In our 
opinion, these “monocular”’ and ‘“binocular” afteref- 
fects probably reside in neurons receiving inputs from 
both eyes, and these inputs are, respectively, mutually 
inhibitory and mutually facihtatory. 

EXPERIMENT 1 

P~oce~~~e 

Subjects viewed a patterned disc with the left eye as 
it rotated anticlcckwise and with the right eye as it 
rotated clockwise. Each of these presentations was for 
5 sec. and the cycie was repeated 60 times to give a 
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E~~rimental conditions: solid arrows show direction of 
adapting motion: dashed arrows show directions of 
reported motion aftereffects. 

total adapting period of IOmin. The motor was then 
switched OK and each subject viewed the disc with 
each eye in alternation and noted any motion after- 
effect. continuing until no further motion aftereffects 
were reported. 

The stimulus was a IS cm dia. disc which subtended 
7.5 visual angle at the viewing distance of I i4cm. 
The disc was covered with random-dot speckled tex- 
ture &e&atone 936) and was centred in a ‘77 x 27 
stationary square screen. which was also speckled. 
The disc could be slowly rotated clockwise or anti- 
clockwise at 4.65 rpm by a reversible servomotor. 

Seven subjects were run. of whom five were un- 
aware of the purpose of the experiment. Subjects were 
shown how to cover one eye with the palm of their 
hand while viewing the disc with the other eye. They 
then fixated the centre of the disc and adapted aiter- 
nately to anticIockwise rotation with their left eye and 
to clockwise rotation wrth their right eye. Each of 
these presentations was for 5 sec. and the total adapt- 
ing time was 10 min. A buzzer sounded every 5 sec. at 
which time the subject changed eyes and the experi- 
menter flipped a reversing switch on the motor. 

The motor was then stopped and the subject 
viewed the stationary disc with onI! one eye open and 
noted any MAE. As soon as he (or she) reported that 
the MAE had disappeared. he switched to his other 
eye and again noted any MAE. Half the subjects 
started with their left eye. the other half with their 
right eye. This test cycle was repeated until no further 
MAEs were reported. This took between Z--6 min for 
different subjects. The whole testing period was 
recorded on tape for later analysis. tn this analysis. 
each MAE was timed to the nearest second, and after- 
effects were plotted on separate graphs for the left and 
right eyes. 

Each subject was re-tested (without further adap- 
tation) 30 min after the end of adaptation, and again 
2 hr after the end of adaptation. 

Results are plotted in Fig. I. The abscissa shows 
total time elapsed since the start of the test period, 
and the ordinate shows the duration of each separate 
successive MAE. Note that the data do rrot represent 
the gradual decay over time of a single MAE. Instead. 
each datum point represents the total duration of a 
separate MAE. and the whole set of points portrays a 
sequence of separate MAE durations. in which each 
MAE tends to be briefer than its predecessors. Notice 
also that the spacing of the MAEs along the elapsed- 
time abscissa depends upon their duration. A 12-set 
MAE which began at time 1 min would be plotted at 
time 1 min, 12 sec. 

Figure 1 shows that the two eyes gave independent 
MAEs in opposite directions. Viewing the test field 
with the right eye (solid symbols) gave anticlockwise 
MAEs. which are plotted above the zero line in Fig. 1. 
Viewing with the left eye (open symbols) gave clock- 
wise MAEs. which are plotted below the zero line. 
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Fig. 1. Duration of motion aftereffects in Experiment I. Each datum point represents the duration of a 
single MAE for one subject. Line represents mean for all subjects. Anticlockwise MAEs are plotted 
above zero, clockwise MAEs below. Subjects adapted their left eye to clockwise motion and their right 
eye to anticlockwise motion. Then they viewed stationary test disc with their left eye (solid triangles) and 
timed their MAE. They changed their right eye (open triangles), timed their MAE, and so on in 

alternation. Tests Nos I . 2 and 3 were run 0, 30 and 120 min after the end of the adapting period. 
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When both eyes together viewed the test field, no 
MAE was reported (not shown in Fig. 1). Presumably 
the two equal and opposite MAEs were cancelling 
out. 

Also, the MAEs could be revived by a rest of only a 
few seconds. When the clockwise MAE from the left 
eye had run down, an anticlockwise MAE was elicited 
from the right eye, and on returning to the left eye a 
fresh cJockwise MAE could again be elicited from it, 
The duration of successive MAEs gradually reduced 
until they finally disappeared. Each MAE lasted 
about 2-2Osec. but the total time over which a 
sequence of MAEs could be elicited might be as long 
as 6 min. 

~nrthermore. after a 6-min sequence of MAEs had 
been collected, and no further MAEs could be elicited 

from either eye, a rest of half an hour revived the 
MAEs so that a second sequence couid be collncted. 
After a further rest of 90min. a rhird sequence was 
collected. MAEs tended to be briefer in the second 
and third test sessions than in the first. 

EXPERIMENT 2 

The procedure was the same as for Experiment t. 
except that three viewing conditions were used 
instead of two. The disc was first seen rotating clock- 
wise by the left eye alone for 5 sec. zhen routine, also 
clockwise, by the right eye afone for Ssec: then it 
rotated anticlockwise and was viewed by both eyes 

ELAPSED TtME 

fE$V#P TESf#3 

E L A P S E D TIME (MIN.1 

Fig. 2. Motion aftereffects in Experiment 2. Same as Fig. I, except thot left eye was adapted to d~ck~_iSise 
motion: so was right eye: but both eyes together were adapted to anticlockwise motion. Results: left eye 
saw anticlockwise MAE&, and so did right eye, but both eyes together (open diamonds below zero line) 

saw clockwise MAEs. 
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together for a further 5 sec. This adapting cycle 
repeated 40 times for a total adapting period of 10 
minutes. Notice that in terms of total viewing time, 
each eye saw equal amounts of clockwise and anti- 
clockwise rotation, but a contingency was established 
such that rotation was clockwise whenever only one 
eye was open, and anticl~kwi~ when both eyes were 
open. 

In the test period the subject viewed the stationary 
test disc first with one eye, then with the other eye, 
and then with both eyes together. In each case he 
watched until any MAE had stopped, said so, and 
immediately switched to the other eye (or to both 
eyes). The test cycle was repeated until the aftereffects 
had died away. As in Experiment 1, a second and 
third test session were run 30 min and 2 hr after the 
end of adaptation. 

Results 

Results are plotted in Fig. 2. Conventions are the 
same as in Fig. 1. It was found that when the test field 
was viewed with the left eye alone (solid triangles) or 
with the right eye alone (open triangles), anticlockwise 
MAEs were reported, which are plotted above the 
zero line in Fig. 2. When both eyes were open (open 
diamonds clockwise MAEs were reported, which are 
plotted below the zero line. Thus, separate monocular 
and binocular MAEs had been built up in opposite 
directions. Moreover, the monocular MAEs could be 
elicited from either the left eye alone or from the right 
eye alone. 

As before, a sequence of MAEs could be elicited, 
and when they had run down a rest of 30 or 120min 
could revive them. Overall, MAEs tended to be 
shorter in the conditions of this experiment than they 
were in Experiment 1. 

It can be seen from Figs 1 and 2 that in Test No, 1, 
immediately after adaptation, the initial MAEs were 
longer than in Tests Nos 2 and 3. The median dur- 
ations for the initial MAE in Tests Nos 1, 2 and 3 
were 11.7, 6.6 and 7.0 set for Experiment 1, and 7.0, 
5.2 and 4.4sec for Experiment 2. Thus the MAEs 
“‘extinguished” during each test period and then spon- 
taneously recovered by the start of the next test 
period, but they never regained the same initial 
strength as they had at the start of Test No. 1. 

DISCUSSION 

Although subjects differed considerably in the ab- 
solute duration of their MAEs, every subject showed 
the same basic pattern of responses: 

1. MAEs were opposite to the direction of the 
adapting motion which had previously been seen by 
that eye (or eyes). 

2. Each test period consisted of a sequence of 
MAEs, whose durations gradually decreased. 

3. MAEs recovered in strength during the rest 
periods between tests, although they never again 

reached the strength which they enjoyed immediately 
after adaptation. 

4. MAEs could be established even though the 
stimulated region of the retina had been exposed to 
equal and opposite motions. If the visual system were 
linear, this would make any simple MAEs cancel out. 

Should our MAEs be thought of as eye-contingent 
MAEs? Or as a set of relatively independent simple 
(non-contingent) MAEs which are set up in different 
parts of the visual system, namely in monocular or 
binocular pathways? We cannot answer this question, 
but we shall discuss it in the light of the time-course, 
the opponence and the possible neural sites of our 
MA& 

Time-courses 

The results of our Experiment 1 confirm the find- 
ings of Wohlgemuth (1911), Anstis and Moulden 
(197Ok and Favreau (1976). Our MAEs were not 
single, one-shot affairs, but could be elicited repeat- 
edly. We adopted the procedures commonly used to 
measure contingent as opposed to simple MAEs 
(Mayhew and Anstis, 1972; Anstis and Harris. 1974). 

Our MAEs were not particularly long-Iasting 
(2-20 set), but they could be elicited repeatedly over a 
period of hours. This time-course is consistent with 
the MAEs being utrocular-contingent, but it is also 
consistent with their being simple MAEs. as demon- 
strated by Favreau (1979). Time-courses have some- 
times been used as a criterion to distinguish simple 
from contingent aftereffects. However, a survey of the 
literature shows that this criterion is unreliable. At 
one time it was generally assumed that a simple after- 
effect was a relatively brief, one-shot affair. whereas 
contingent aftereffects could be re-elicited many times, 
and could show an extraordinary persistence. Thus, 
Jones and Holding (1975) found that the McCollough 
aftereffect (McCollough, 1965) was still available at 
half its initial strength at least 3 months after 15 min 
of exposure to the adapting stimulus. But now, long 
durations for simple (non-contingent) aftereffects have 
been reported. As long ago as 1969. Masland reported 
that a simple motion aftereffect could still be seen 
24 hr after a 15-min adaptation to a rotating spiral. 
This was confirmed by Kalfin and Locke (1972). Blake- 
more et al. (1970) reported simple aftereffects based 
upon spatial frequency which lasted up to several 
hours. Frame et al. (1979) pointed out a possible pro- 
cedural artifact: in many experiments the adaptation 
time allotted to building up simple aftereffects is only 
tens of seconds, but for contingent aftereffects it is 
often tens of minutes. This procedural difference 
introduces a bias which tends to make contingent 
aftereffects longer than simple ones. Frome et al. 
found that a simple size-illusion aftereffect could per- 
sist for about one day, if the adaptation period was 
made as long as 10min. They concluded that simple 
and contingent aftereffects tend to have fairly similar 
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time-courses when they are given similar adapting 
periods. Keck and Pentz (1977) showed that in any 
case the duration of a simple MAE is not a reiiable 
guide to the duration of the adaptation in the under- 
lying neural substrate. They used a standard adap- 
tation period of 30 see which presumably gave a stan- 
dard amount of neural adaptation. and which gave an 
exponentially decaying MAE. However. the time con- 
stant of this MAE increased systematically as the con- 
trast of the test grating was reduced. 

All these experiments indicate that simple and con- 
tingent aftereffects do not always differ reliably in 
duration. What about persistence? (Duration refers to 
the length of time on any one test that the MAE is 
perceptible; persistence refers to how long after adap- 
tation the MAE can be observed.) Favreau (1979) 
compared the persistence of simple and contingent 
MAEs. She exposed groups of subjects either to a 
single rotating spiral in order to build up a simple 
MAE. or else to a spiral which rotated clockwise 
under red light. alternating with anticlockwise under 
green Iight, in order to build up a coiour-contingent 
MAE. For both groups the total adapting period was 
16min. Both groups were then tested at postadapta- 
tion intervals of 7 min, 24. 48. 96 or I68 h. She found 
that the simple and contingent MAEs were compar- 
able in persistence, with both effects lasting for about 
a week. Both could be elicited repeatedly. Thus per- 
sistence, like duration. did not discriminate reliably 
between simple and contingent AEs. 

We were able to elicit MAEs repeatedly over a two- 
hour period. Together with the findings of Keck and 
Pentz (1977) and of Favreau (1979). this demonstrates 
that the dissipation of the MAE is not evidence that 
the underlying neural substrate has recovered to the 
preadaptation state. However. it does not tell us 
whether our MAEs were simple or eye-contingent. 

Opponencr 

In considering whether our MAEs are simple or 
contingent. we should remember that simple MAEs 
are based upon simple adaptation of a patch of retina 
to motion in one direction. However. a contingent 
MAE is produced by opponent adaptation which 
applies equal and opposite motions to the same patch 
of retina. This would make any simple MAEs cancel 
out. A contingency is established by pairing the 
motion with (say) colour or depth. Mayhew and 
Anstis (1972) presented an adapting disc which 
rotated clockwise under red light. alternating with 
anticlockwise under green light. Subsequently, a 
stationary test disc showed an anticlockwise MAE 
when viewed under red light, and a clockwise MAE 
when viewed under green light. If the test lighting was 
made to alternate every few seconds between red and 
green, a series of clockwise and anticlockwise MAEs 
was seen. Anstis and Harris (1974) produced MAEs 
which were contingent upon depth or binocular dis- 
parity. They exposed their subjects to a disc rotating 
clockwise in a plane lying in front of the fixation 

point, alternating with a disc rotating anticlockwise in 
a plane lying behind the fixation point. A stationar! 
test disc then showed an anticlockwise (clockwise) 
MAE if it lay in front of (behind) the fixation point. 
They attributed this to motion adaptation in popula- 
tions of hypothetical neurons which are tuned to dif- 
ferent b~n~)cu~ar disparities. 

in our experiments we paired the motion. not with 
a stimulus variable such as colour or depth but with 
the eye viewing the stimulus. This can be regarded as 
an “eye-contingency.” rather like the MAE contingent 
on direction of gaze which WZiS reported by .Mayhew 
(19731. But this sounds very unlike most other contin- 
gent aftereffects. which do pair motion with colour. 
etc.; should we classify our MAEs as eye-contingent, 
or as several simple MAEs in monocular or binocular 
pathways? The problem can be resolved by generaliz- 
ing from McCollough’s (1965) notion that her afteref- 
fect involves chromatic adaptation of orientation de- 
tectors. We suggest that it makes little difference 
whether we speak of (I) MAEs contingent upon one 
or both eyes. i.e. motion adaptation in parts of the 
visual system whose inputs are iabelled to “detect” the 
eye of origin, or (2) simple MAEs in neural pathways 
receiving inputs from one or both eyes. Let us now 
consider the probable neural site of our MAEs. 

The literature offers seemingly contradictory clues 
about the neural site of the MAE. The pressure-b~ind- 
ing experiment of Barlow and Brindley (1963) showed 
clearly that it is post-retinal. Further localization is 
controversial. The rivalry experiment of Lehmkuhle 
and Fox (1975) suggests that the MAE is peripheral to 
the point of binocular rivalry. but the cyclopean ex- 
periment of Papert (1964) and the dichoptic experi- 
ments of Anstis and Moulden (19701 locate it central 
to the point of binocular fusion. Thus the fusion-point 
would be peripheral to the MAE. which in turn would 
be peripheral to the rivalry-point. But intuitively it is 
highly unlikely that the site of binocular rivalry could 
lie central to the point of binocular fusion. Once the 
images from the two eyes are fused. it is too late for 
rivalry. These conflicting findings may indicate not 
just one MAE at a single neural site. but a number of 
different MAEs. some sited in monocular pathways. 
others in binocular pathways. 

Experiment 1 suggests that independent MAEs can 
be set up in monocularly driven neural channels. 
Figure 3a (after Moulden 1980) presents a very simple 
linear model. Experiment 2 reveals some non-lineari- 
ties. In this experiment. each eye had received equal 
durations of clockwise and anti-clockwise adapting 
motion. Hence, any linear system. to which the prin- 
ciple of superposjtion applies. would not have shown 
any aftereirect in these coJ~ditions. because the equal 
and opposite adapting motions would simply have 
cancelled out, leaving 1 1 0 net aftereffect. It follows that 
the visual system was behaving non-linearly. This 
argument applies equally to monocular units driven 
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exclusively by one eye and to binocular units driven 
symmetrically or asymmetrically by both eyes. If their 
response was linear, such that their response to bino- 
cular stimulation was equal to the sum of their re- 
sponses to each eye on its own, they would have 
shown no aftereffects. 

Figure 3a needs to be modified to accommodate 
the “monocular” and “binocuiar” MAEs of Experi- 
ment 2. The binocularly driven channel in Fig. 3a 
would develop no MAI%. since it receives equal and 
opposite motion inputs. A non-linear. synergistic unit 
would develop MAEs, since its reponse to binocular 
inputs would be greater than the sum of its responses 
to inputs from the left and the right eye if presented 
separately. Such a unrt would resemble an AND-gate, 
whose action threshold is exceeded by binocular but 
not by monocular inputs. 

This will account for the “binocular” MAE of Ex- 
periment 2. By the same token, the monocular chan- 
nels in Fig. 3 received equal and opposite adapting 
motions, so they would not develop the “monocular” 
MAEs; unless they were inhibited during the binocu- 
hr phase of adaptation, perhaps by inhibitory inputs 
from the binocular channel (Fig. 3b). 

Thus, the binocular motion aftereffect points to 
motion adaptation in synergistic (non-Iine~r) binocu- 
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R ig h t  
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Fig. 3. (a) Model of monocular and binocular sites of 
MAEs in Experiment 1. (bf Model ol sites of MAEs in 

Experiment 2. See text. 

l a r units which give only a weak response to stimu- 
lation from either eye alone. but a very much stronger 
response to simultaneous stimulation from the two 
eyes. ~le~trophysiolo~i~l~y. many cells have been 
shown to be of this type (Hubel and Wiesel, 1962, 
1965; Barlow et al., 1967; Pettigrew et al.. 1968). The 
monocular aftereffect points to motion adaptation in 
units which are excited by one eye and inhibited by 
the other eye (Henry et at., 1969: Bishop et a/_. 1971: 
Noda et at., 197I ; Creutzfeldt BI et.. 1971). 

Henry et al. (I969) and Bishop er nf. (1971) exam- 
ined binocular interactions in single units of the cat 
striate cortex. They found that when the receptive 
fields from each eye were accurately aligned there was 
considerable binocular facilitation, with a firing rate 
about 75% greater than the sum of the firing rates 
when each eye was stimulated separately. However. 
faciiitation switched to depression for very small 
degrees of receptive field misalignment at right angles 
to the optimal stimuius orientation. The important 
point for our purposes is that these units acted in a 
highly non-linear way, According to the disparity of 
the stimulus, the inputs from each eye on to a single 
cortical unit would either be facilitatory and synergis- 
tic, with a binocular output much greater than the 
sum of the monocular outputs. or else inhibitory. with 
a binocular output which could be smaller than either 
monocular input on its own. 

We attribute our MAEs to selective adaptation of 
different sub-populations of motion-sensitive cells, 
Figure 3a is a simple minimum model to fit our 
results from Experiment 1. Figure 3b is a modified 
version to fit our results from Experiment 2. The 
binocular units are now AND-gates, and they now 
provide new ~~hibito~y inputs (heavy lines in Fig. 3bf 
to the previously monocular units which now become 
“eye-opponent” cells. 

“AND-gate” binocular neurons respond only when 
both eyes are stimulated; or at least are synergistic, 
giving a much greater response to inputs r e c e iv e d 

from both eyes simultaneously than the sum of each 
eye on its own. These units are implicated in binocu- 
lar fusion, and adaptation of these units would under- 
lie not only the MAE induced by moving cyclopean 
contours (Papert, 1964X but also our “binocular” 
MAEs in experiment 2. 

‘“AND-gate” neurons could be made to respond to 
dichoptic apparent motion, in which one fiash is seen 
by one eye and a slightly displaced, later flash is seen 
by the other eye. To respond to dichoptie motion, the 
AND-gate would need to have an integrating time 
which was Ionger than the inter-stimulus interval, 
Given such a response, adaptation of these units 
would underlie the very brief MAEs which Anstis and 
Moulden (1970) were able to induce with dichoptic 
adapting motion. Otherwise, responses to dichoptic 
motion could be attributed to a separate class of 
hypothetical OR-gate binocular neurons. 

“Eye-opponent” neurons are excited by inputs to 
the left eye but inhibited by inputs from the right eye 

V.R. 3 3-f) 



(L + R - ) or vice versa (L - R + ). We use the term 
“eye-opponent” by analogy with colour-opponent 
cells (red-plus, green-minus and vice versa) and spa- 
tial-opponent cells (on-centre, off-surround and vice 
versa). Wolfe (1981) has proposed a similar model on 
the basis of his psychophysical data: see also Wolfe 
and Held, 1981. 1983. 

We attribute our “monocular” MAEs to adaptation 
of these eye opponent units-not to adaptation of 
straightforward mono&ular units (as in Fig. 3a). which 
by experimental design intentionally received equal 
and opposite adapting motion. 

An optional extra feature (dashed line in Fig. 3b) 
could be mutual inhibition between the L -I- R - and 
the L - R+ eye-opponent units. This could provide 
a “seesaw” effect. like a mu~tivibrator or square-wave 
oscillator. When the two eyes saw conflicting pictures, 
the AND-gate binocular units would be silent. and 
the seesaw would make inputs from the two eyes 
dominate in alternation. This would be a speculative 
model for binocular rivalry. 

If one eye views the adapting motion and then the 
other eye views the stationary test stimulus, a MAE is 
still seen, even though its duration is reduced to about 
half the monoptic AE (Favreau. 1976; Moulden. 
1980). This interocular transfer of the MAE raises 
problems for the binocular Left-AND-right gate pro- 
posed in Fig. 3b, which by definition would not be 
activated during monocular adaptation. To accom- 
modate interocular transfer into the model the AND- 
gate can be modified so that it is not a Boolean AND- 
gate, but merely responds in a synergistic way. with a 
weak but non-zero response to monocular inputs and 
a very strong response to binocular inputs. Alterna- 
tively, the OR-gate of Fig. 3a can simply be left in the 
modei. It will do no harm, since it will provide for 
interocular transfer. and will conveniently not re- 
spond in Experiments 1 or 2. 

Although the units in our model are hypothetical 
constructs devised to explain psychophysical results. 
there is some evidence for their physiological plausibi- 
lity. Hubel and Wiesel (1968) classified monkey corti- 
cal cells into seven dominance classes. Their ipsilater- 
ally and contralaterally driven units correspond to 
our monocufar units. and their binocularly driven 
units correspond to our AND-gate binocular units. 
Henry et al. (1969). Noda (1971) and Creutzfeidt et al. 
(1971) found neural units which are excited by one eye 
and inhibited by the other: these correspond to our 
“eye-opponent” units. 
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