
Vision Res. Vol. 33, No. 3, pp. 351-359, 1993 0042-6989/93 $6.00 + 0.00 

Printed in Great Britain. All rights reserved Copyright 0 1993 Pergamon Press Ltd 

Determinants of Two-Dimensional Motion 
Aftereffects Induced by Simultaneously- and 
Alternately-Presented Plaid Components 
DARREN BURKE,* PETER WENDEROTH*t 

Received IO February 1992; in revised form 2 July 1992 

Wenderoth, Bray and Johrc&one [(1988) Perception, 17,81-!91] measured motion aftere&ts induced 
on stationary vertical sine-wave gratings by horizontally drifting two-dimensional patterns (plaids). 
The adapting plaid component gratings were simultaneously or alternately presented and were oriented 
left and right of vertical by 15, 45 or 75’. It was found that aftereffects decreased linearly in the 
alternating conditions as the plaid component orientations changed but this was not the case in 
the shnultaneous adaptation conditions, a finding taken to be consistent with the hypothesis that 
one-dimensional aftereffects have a low level site (possibly Vl) whereas two-dimensional effects 
have a higher level site (possibly MT). In three experiments, we have examined in more detail the 
determinants of aftereffects induced by simultaneous and alternating plaid components. The data 
suggest that the mechanisms involved are more complex than those put forward by Wenderoth et al. 
and that plaid perception utilixes both higher and lower level processes which can be referred to, 
respectively, as an intersection of constraints algorithm and a moving “blob” detector. 

Plaid Motion aftereffect Intersection of constraints Coherent motion 

INTRODUCTION 

When a moving grating is viewed through a circular 
aperture only motion orthogonal to its orientation can 
be seen. The perceived speed of the seen motion is 
determined by the length of the component motion 
vector orthogonal to the grating which arises from its 
true speed and direction of motion. A vertical grating, 
for example, might have any of the true motion vectors 
represented by the arrows in Fig. l(A), where the 
direction of the arrow represents the true direction of 
motion and the length of the vector represents speed 
in that direction. Viewed through a circular aperture, 
all motion vectors shown would be seen as the heavy 
horizontal vector, OV. This inability to disambiguate 
non-orthogonal vectors through a circular aperture has 
been dubbed the aperture problem (Ullman, 1986) and 
because OV could be a component vector of any vector 

drawn from 0 to the line AB, the latter is termed a line 
of constraint (Adelson & Movshon, 1982). 

Such ambiguity does not occur with two-dimensional 
motion created, for example, when two drifting gratings 
with different orientations are superimposed. In that 
case, there is a line of constraint for each of the two 
gratings. Because these constraint lines have different 
orientations they must necessarily intersect and this 
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point of intersection uniquely determines the sole poss- 
ible direction and speed of motion of the whole two- 
dimensional pattern. Figure l(B), for example, shows 
schematically that superimposed gratings with motion 
vectors C, and C,, or C, and C,, or C, and C3, would 
all appear to have the motion vector OR, because in 
each case the dashed constraint lines intersect at R. 
It should be noted, however, that the perception of 
such a coherent pattern (a plaid), when the individual 
component motions cannot be seen, requires that the 
component gratings are similar in perceived contrast, 
which may vary with velocity and spatial frequency 
(Movshon, Adelson, Gizzi & Newsome, 1985; Smith, 
1992). Otherwise, observers report the percept of two 
independent one-dimensional gratings “sliding” across 
each other, so-called “transparent” or incoherent 
motion. 

Single neurones at different levels of macaque monkey 
visual cortex have different response properties when 
stimulated with plaids. Striate (Vl) cells respond to the 
individual component gratings of a plaid, so that as the 
plaid is rotated they respond twice, once when each of 
the components has the cell’s preferred orientation and 
direction of motion. In the middle temporal area (MT), 
similar component-selective cells occur but about 25% 
of MT cells are pattern selective: they respond to either 
a grating or a composite plaid drifting in their preferred 
direction but not when the individual plaid components 
are so disposed (Movshon et al., 1985; Maunsell & 
Newsome, 1987). 
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FIGURE 1. (A) Motion vectors consistent with line of constraint, AB. 
See text. (B) Component motion vectors, C,, C, and C,, any pair of 
which have intersection of constraint (IOC) lines which intersect at R. 

Movshon et al. (1985) proposed that orientation- 
and direction-selective neurones in Vl respond to the 
one-dimensional component gratings of the plaid and, 
if conditions for coherence exist, feed via an AND-gate 
to pattern selective units in MT which simultaneously 
inhibit MT component-selective cells. This would 
account for the inability to see the component gratings 
of a coherent plaid. If conditions for coherence are 
not met, the Vl component-selective cells would feed 
directly to similar component-selective cells in MT; these 
inhibit pattern-selective cells and transparent, incoherent 
motion results. 

One way to ensure that coherent plaid motion is not 
seen is to present the component drifting gratings alter- 
nately, at an alternation rate low enough to avoid fusion 
of the two components. Presumably, such a procedure 
would ensure that only (or mainly) the Vl and MT 
component-selective cells would be stimulated because 
although pattern-selective cells do respond to plaids 
and gratings, they respond best to gratings oriented 

orthogonally to the preferred direction of plaid motion, 
not the usually quite different orientation of the plaid 
components. This alternating-component procedure was 
adopted by Wenderoth, Bray and Johnstone (1988) 
who measured motion aftereffects (MAEs) induced on 
stationary, vertical sine-wave gratings by prior adap- 
tation to either a coherent plaid or to its alternating 

components, with each component presented for the 
same total time in all cases. When the plaid components 
were oriented left and right of vertical by 15, 45 and 75, 
the MAE following alternating adaptation decreased 
linearly with component deviation from vertical. Simul- 
taneous plaid adaptation resulted in both linear and 
quadratic trend across angle: as the inducing plaid 
components deviated more from vertical, the MAE 
at first increased slightly but then decreased when the 
angular deviation from vertical was maximal. Since it 
had been reported that one-dimensional (single grating) 
induced MAEs decrease linearly with inducing-test 
grating orientation differences, and since such MAEs 
are believed to arise in Vl (Over, Broerse, Crassini 
& Lovegrove, 1973; Wiesenfelder & Blake, 1990) 
Wenderoth et al. proposed that their alternating com- 
ponent effects reflected Vl adaptation whereas their 
simultaneous effects reflected the adaptation of MT 
pattern-selective cells. Because all plaid motions were 
horizontal, it might have been expected that there would 
have been no roll off of the plaid induced MAE at all, 
even with large component grating deviations from 
vertical. Wenderoth et al. speculated that the decrease 
might have been due to their keeping component velocity 
constant: for any component velocity (Vr) and angle 
between components (28) plaid velocity (VP) is given by 
V, = I’,/cos 8, so that the plaid velocity increases as the 
component orientation difference increases. This can be 
seen from Fig. l(B): if the component speeds (lengths) 
remain constant, the larger 8 becomes, the further from 
0 the constraint lines of C, and C, will intersect. 

The aim of the experiments reported here was to 
examine the determinants of MAEs induced by simul- 
taneous and alternating plaid component gratings, with 
a view to elucidating further the mechanisms of coherent 
plaid perception. While recent research has tended to 
provide broad support for the notion that the visual 
system implements an intersection of constraints (IOC) 
algorithm (Ferrera & Wilson, 1987, 1990, 1991; Welch, 
1989; Kooi, Grosof, DeValois & DeValois, 1988; Welch 
& Bowne, 1990; Derrington & Suero, 1991; Stone, 
Watson & Mulligan, 1990; Heeley & Buchanan-Smith, 
1992; Wright & Gurney, 1992; Yo & Wilson, 1992; 
Burke & Wenderoth, 1993) some of the data provide 
only qualified support. In addition, an alternate account 
(Lorenceau & Gorea, 1989) which postulates a mech- 
anism which simply tracks the motion of the “blobs” 
formed by the component grating intersections can 
equally well account for all existing data because 
the IOC construction gives the direction and speed of 
blob drift. That is, it may be unnecessary to postulate 
a neural mechanism which AND-gates the component 
motions if there is a mechanism which can track the real 
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intersections of the components which, for orthogonal 
components, resemble drifting dots. 

EXPERIMENT 1 

Experiment 1 had several aims. First, we wanted to 
find out why Wenderoth ef al. (1988) obtained the 
differences which they did between MAEs induced by 
simultaneously presented and alternating plaid com- 
ponent gratings. One aim was to establish the generality 
of their results: e.g. they used a test grating rather than 
a plaid and this may have been a factor influencing 
alternating component effects. They also measured the 
MAE using a tracking method and we wished to 
determine whether similar effects occurred with MAE 
duration as the measure, for several reasons. First, it is 
easier for subjects to report cessation of motion than it 
is to use a complicated manual tracking task or to learn 
a magnitude estimation scale and we had no available 
method of nulling the MAE. Second, MAE duration has 
been frequently and successfully used by others (e.g. 
Lehmkuhle & Fox, 1975; Keck & Pentz, 1977; Moulden, 
1980; Chaudhuri, 1990; Wiesenfelder & Blake, 1990). 
Third, it is not entirely clear what is meant by MAE 
mugnitude but duration at least seems a logical measure, 
in that if adaptation results in some neural imbalance, 
a larger effect will presumably reflect a larger neural 
imbalance which should then take longer to return to 
a balanced state. Other measures, like tracking, are 
based on apparent velocity, which itself varies with a 
variety of stimulus parameters, is poorly understood 
and is not immediately obviously equatable with MAE 
magnitude, although it has been reported that there is 
a high correlation between initial MAE velocity and 
duration (e.g. Keck & Pentz, 1977; Lehmkuhle & Fox, 
1975). Thus, some conditions in Expt 1 essentially 
repeated the Wenderoth et al. experiment but using 
plaids both to induce and test and with MAE duration 
the dependent variable. 

A second aim of Expt 1 was to test for the effects of 
keeping plaid speed constant vs keeping component 
speed constant, as component directional separation 
varied. This was done to test the suggestion made by 
Wenderoth et al. that the smaller simultaneously- 
induced MAE they obtained with 150” directional 
separation was due to the increase in plaid speed. 
This test seemed necessary in case the simultaneous/ 
alternating differences were merely due to adapting 
velocity differences. 

Apparatus 

Method 

Stimulus displays were generated by a Macintosh IIci 

computer and displayed on a single 33 cm AppleColor 

*Plaid luminances were not double grating luminances because the two 
gratings of the plaid occupied spatially discrete pixels. 

We data reported here were actually part of a larger experiment in 
which subjects were required to report the duration of twenty 
consecutively induced MAEs. 

High Resolution RGB monitor. Drifting plaid stimuli 
were created by allocating alternate pixels on each raster 
scan line to one or the other component gratings by 
assigning one 127 grey level colour lookup table (CLUT) 
to the even pixels and a second, independent CLUT to 
the odd pixels. Alternate horizontal scan lines of pixels 
were shifted one pixel out-of-phase so that the two 
gratings were effectively assigned to pixels arranged in 
the pattern of either the light or the dark squares of 
a checkerboard. Other methods of spatially interleaving 
the two gratings were available (e.g. no phase shifting so 
that one grating occupied all odd pixels). However, these 
alternatives were less satisfactory because the inter- 
sections of light and dark bars were then represented 
by light and dark continuous lines of pixels rather 
than by alternating light and dark single pixels. That 
is, the spatial interleaving was least obvious using the 
checkerboard array. 

Stimuli 

Stimuli were presented in a computer generated 
circular aperture which was 4.23” at the viewing distance 
of 57 cm. The maximum light bar luminance (L_) and 
the minimum dark bar luminance (L,,) were, respect- 
ively, 104.6 and 0.7cd/m2, so that Michelson contrast, 
defined as (L,,,, - L,i,)/(L- + Lmin) was 0.98.* Spatial 
frequency of all component gratings was 0.46 c/deg and 
all were sine-wave gratings. 

The test stimulus was always a plaid composed of 
both of the adapting components. Using the convention 
that left horizontal is O”, the component drift directions 
(and drift separations) used were 255 and 285” (30”), 225 
and 315” (90”) and 195 and 345” (150’), so that the drift 
separations were identical to those used by Wenderoth 
et al. The component gratings never had different vel- 
ocities, so the drift direction of the plaids was always 
straight down, 270”, the bisector of the component 
directions. In the conditions in which plaid speed was 
constant, the component speeds for the three drift 
separations were 3.42”/sec (30”), 2.5l”/sec (90”) and 
0.92”/sec (150’), giving a plaid speed of 3.55”/sec. 
When component speeds were constant at 2.51”/sec, the 
respective plaid speeds were 2.60, 3.55 and 9.70”/sec. 

Procedure 

Each subject was tested once under every condition in 
a 2 (simultaneous vs alternating adapt) x 2 (plaid speed 
vs component speed constant) x 3 (component drift 
separation) factorial design, although only ten trials 
actually occurred because the plaid speed constant and 
component speed constant conditions were identical 
in the 90” separation conditions.? Adaptation was for 
30 set (simultaneous) or 60 set (alternating, 30 set each 
component) and in the latter condition components 
alternated every 10 sec. Subjects were instructed specifi- 
cally to report cessation of the MAE only when no trace 
of apparent motion remained. This was done by pressing 
the space bar on the keyboard with the right hand which 
blanked the screen and stored the time which had 
elapsed since the onset of the test stimulus. A 60 set rest 
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was given between trials to allow dissipation of MAEs. 
Subjects always fixated a dot at the centre of the screen 
during both adaptation and test. 

Subjects 

There were twenty subjects, volunteers from an Intro- 
ductory Psychology course, who participated in return 
for nominal course credit. 

Results 

Means and standard errors of MAE durations are 
shown in Figs 2 and 3. Simple subjects by treatments 
analyses with planned contrasts were carried out 
separately on the plaid speed constant data and on the 
component speed constant data: there was clearly no 
main effect of component speed vs plaid speed constant 
because the means were almost identical. For all tests, 
F had 1 and 209 degrees of freedom. 

In the plaid speed constant analysis [Fig. 2(A)], the 
simultaneous function was flat: it had neither significant 
linear nor quadratic trend, with F = 0.004 and 0.00002, 
respectively, P > 0.05. The alternating function had 
significant linear trend (F = 8.29, P > 0.005) but not 
quadratic trend (F = 0.66, P > 0.05). The overall means 
of the simultaneous and alternating conditions were 
different (F = 6.46, P > 0.025). 
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FIGURE 2. Mean MAE durations and standard errors as a function 
of plaid drift directional differences with alternating and simultaneous 
adaptation, Expt 1. (A) Plaid speed constant. (B) Component speed 

constant. 

FIGURE 3. Grey vectors reproduce C,, C, and OR from Fig. l(B). 
Perceptual expansion of component directions (thin black vectors) 
would produce constraint lines (dashed) which intersect in the direction 
of the components relative to OR producing errors in perceived plaid 

direction (thick black vector). 

In the component speed constant analysis [Fig. 2(B)], 
the simultaneous function again had neither significant 
linear nor quadratic trend, with F = 0.004 and O.OOOOO2, 
respectively, P > 0.05. However, the alternating function 
decreased linearly (F = 14.60, P < 0.0005) without 
quadratic trend (F = 0.30, P > 0.05). Again, the means 
of the simultaneous and alternating functions were 
different (F = 4.56, P < 0.05). 

Discussion 

This experiment demonstrated unequivocally that the 
pattern of results obtained by Wenderoth et al. (1988) is 
repeatable using a plaid rather than a grating as the test 
stimulus and MAE duration rather than magnitude as 
the dependent variable: the functions in Figs 2 and 3 are 
almost identical to those obtained by Wenderoth et al. 
Although each subject was tested only once under each 
condition, the similarity of the data in Figs 2 and 3 
indicates that the methods used are reliable. 

Of interest is the fact that whereas alternating 
adaptation produced MAEs which decreased linearly 
with component directional separation, as expected, the 
simultaneously-induced effect exhibited no trend, unlike 
the linear and quadratic roll off found by Wenderoth 
et al. under that condition. That is, Wenderoth et al. 
obtained a smaller MAE in the 150” component separ- 
ation condition compared to the other two separation 
conditions, a result not obtained here. Since this lack of 
trend was obtained in both the plaid speed constant and 
the component speed constant conditions, it cannot be 
true that Wenderoth et d’s failure to keep plaid speed 
constant accounted for their result, unless inducing 
plaid speed affects MAE speed but not MAE duration. 
This is a possibility: there is some evidence that MAE 
magnitude increases with adapting velocity but that 
as MAE velocity increases, the tracking procedure 
progressively underestimates it (Buckingham & Freier, 
1985). In addition, there is some evidence that MAE 
duration, used here but not by Wenderoth et al., is a 



DETERMINANTS OF TWO-DIMENSIONAL MOTION AFTEREFFECTS 355 

function of adapting temporal frequency which, unlike 
velocity, is the same for a symmetrical plaid and for 
its components, so that variation in plaid velocity 
may be irrelevant to MAE duration. Consequently, the 
lack of trend obtained here is perfectly consistent with 
Wenderoth et al.3 hypothesis that the pattern (plaid) 
induced MAE arises in MT pattern-selective cells which 
code only the pattern direction of motion, independently 
of the component directions. 

The linear decrease in the alternating-component 
MAE can be attributed to the fact that the component 
gratings both adapt neurones turned to downward 
movement, but the further the component directions 
are from vertical, the smaller is this adaptation. Follow- 
ing adaptation, then, the MAE is smaller for more 
discrepant adaptation directions. The obtained near- 
identity between the component speed constant and 
plaid speed constant data was surprising, although it 
may be that the range of velocities used was too 
restricted to obtain an effect. 

Finally, the near identity of the main effect means of 
the component speed constant and the plaid speed con- 
stant conditions was at first surprising in that whereas all 
plaids in the former conditions had temporal frequencies 
of 1.15 Hz, those in the latter conditions varied in 
temporal frequency from 1.5 to 0.42 Hz. If MAE dur- 
ation is a function of temporal frequency, differences 
between the conditions might have been expected. It can 
only be suggested that the range of temporal frequencies 
was too small for an effect to emerge. 

EXPERIMENT 2 

In the course of their studies of two-dimensional 
motion perception, Ferrera and Wilson (1987, 1990, 
1991) have drawn a distinction between three sub- 
categories of plaid and these subcategories can be under- 
stood with reference to Fig. l(B). Plaids with component 
motion vectors such as C, and C, are termed symmetrical 
Type Zplaidv because their vectors are symmetrical about 
the resultant plaid direction (OR) and they are on either 
side of that resultant. Vectors such as C, and C, create 
asymmetrical Type Z plaids for obvious reasons. Vectors 
such as C, and C, create Type Zlplaids, defined as plaids 
whose component motion vectors lie on the same side of 
the resultant plaid vector. 

Ferrera and Wilson (1990) showed that whereas 
the direction of Type I plaids of both types is usually 
perceived veridically, subjects make large errors in judg- 
ing the direction of Type II plaids, erring in the direction 
of the plaid component motion vectors. They rejected a 
possible explanation of this effect in terms of perceptual 
expansion of the angle between the component direc- 
tions due, say, to lateral inhibitory interactions. How- 
ever, we have shown that such expansion does occur and 
that a 10” expansion is sufficient to account for a plaid 
misperception of 15-25” (Burke 8z Wenderoth, 1993) if 
it is assumed that the visual system implements an IOC 

algorithm and applies it to the miscoded component 
vectors rather than to the real ones. 

Mather (1980) and Riggs and Day (1980) showed 
that alternating adaptation to moving stimuli produced 
MAEs whose direction was the vector sum of the 
components. For such symmetrical adaptation, the vec- 
tor sum direction is also the IOC direction, A potentially 
more interesting experiment would be to adapt both 
simultaneously and alternately to components of a 
Type II plaid whose IOC resultant is not a vector sum. 
If the MAE is seen to move in a direction between the 
opposite of the component directions then a vector sum 
mechanism would be involved, as might be expected to 
occur if alternating components do not stimulate an IOC 
AND-gate mechanism. If the MAE moves in a direction 
closer to the opposite of the resultant plaid direction 
than to the opposite of the components, then an IOC 
AND-gating mechanism would be implicated, as might 
be expected following simultaneous plaid adaptation. 
In brief, if simultaneous adaptation affects an IOC 
mechanism and alternating adaptation does not, then 
adapting with Type II plaid components should result 
in different directions of MAE under alternating and 
simultaneous adaptation conditions. Figure 3 illustrates 
the actual motion vectors of a Type II plaid (thin grey 
arrows), the hypothetically miscoded vectors (thin black 
arrows) and the consequently miscoded resultant plaid 
direction (thick black arrow). Adaptation of a vector 
sum mechanism would predict an MAE in a direction 
opposite to a calculable direction somewhere between 
the two thin grey vectors; whereas adaptation of an 
IOC mechanism would predict an MAE in the direction 
opposite to the perceived plaid direction, given by the 
thick black vector. 

Method 

All details of method and procedure were as in 
earlier experiments, except for the measurement of MAE 
direction. A pointer was attached rigidly to a protractor 
which could rotate freely over an etched vertical mark. 
Only the pointer, located at arm’s length, was visible to 
the subject, who simply set the pointer in the direction 
of perceived MAE motion. The experimenter read the 
direction and wrote it down. Each subject was tested 
under all conditions and made four judgements in each 
condition from a pointer whose starting position was 
randomly located + 10” away from the true test direc- 
tion. The instruction was to make the adjustment in any 
manner, so long as the final setting was as accurate as 
possible. 

Subjects adapted for 30 set to each of three different 
plaid component sine-wave grating pairs, presented 
either simultaneously or alternately. The details of the 
plaid components are given in Table 1. All plaids moved 
vertically up (90”). The test pattern was always the 
stationary adapting plaid and, in addition, all nineteen 
subjects were tested with a random-dot array. 

Results 

Mean MAE directions and standard errors are shown 
in Fig. 4. Statistical analysis, a subjects by treatments 
design with five planned contrasts, was carried out on 



356 DARREN BURKE and PETER WENDEROTH 

TABLE 1. Parameters for Type I symmetrical, Type I asymmetrical and Type II plaids used in Expt 3 

Symmetrical Type I plaid Asymmetri~l Type I plaid Type II plaid -.- -. _~___ _.-._ 
Directions (“) Speeds (“/set) Directions (“) Speeds (“/set) Directions (“) Speeds f”/se@ 

60, 120 3.08, 3.08 60, 135 3.08, 2.53 135, 120 2.53, 3.08 

the data obtained using test plaids: the dot test data were suggesting that there is an IOC mechanism which 
not analyzed because not all subjects were able to obtain normally AND-gates the signals produced by real 
an MAE from the dot field although, as is clear from component gratings but in this case AND-gates the 
Fig. 4, when dot MAEs were obtained they were in the simultaneously present neural signals produced by the 
same direction as the plaid MAEs.* alternating adaptation. 

For each test, the F degrees of freedom are 1 and 90. 
There was no significant difference between the MAE 
direction for the two Type I plaids both for the simul- 
taneous (F = 0.01, P > 0.05) and alternating condition 
(F = 0.18, P > 0.05). However, mean direction of the 
two Type I plaid MAEs was different from that of the 
Type II plaid MAE in both the simultaneous condition 
fF = 175.32, P < 0.0005) and the alternating condition 
(F = 182.53, P < 0.0005). The overall mean of the simul- 
taneous conditions was not different from that of the 
alternating conditions, with F = 3.01 and P > 0.05. 

The fact that MAEs using test dots also were 
directionally the same as the plaid MAEs indicates that 
the IOC construction is carried out during adaptation 
and that the resultant motion signal which is output is 
completely independent of the nature of the spatial 
contours presented in the test phase. 

EXPE~~ 3 

Discussion 

It is clear from the results in Fig. 4 that none of the 
MAEs was directionally opposite the vector sum of 
the plaid components: the MAE directions would 
then have been 270, 278.76 and 306.76”, whereas the 
obtained mean directions for the test plaids were 267.95, 
267.66 and 288.68”. The Type II MAE direction was 
opposite a direction of 108.68, 18.68” away from the true 
plaid direction and biassed towards the component 
gratings. Burke and Wenderoth (1993) measured errors 
in the perception of Type II plaids and obtained mis- 
perceptions of about 26” for components oriented 10” 
apart and about 8” for components oriented 20” apart. 
Inte~olation therefore suggests a mis~r~ption of 17” 
for 15” separated components, close to the direction 
opposite the Type II MAE direction obtained here. This 
suggests that the Type II plaid’s components were 
miscoded, that an IOC construction performed on those 
miscoded component vectors led to a 17-20” mis- 
perception of the plaid and that the MAE induced was 
generated by that perceived plaid motion. Five experi- 
enced observers, including one of us (PW), each made 
five judgements of the drifting plaid’s direction and the 
average error in the direction of the components was 
19.18”, with standard error 5.22”. 

The same argument applies to the Type I plaids 
which were perceived veridically (Burke & Wenderoth, 
1993; Ferrera & Wilson, 1990) and so generated MAEs 
virtually straight down. 

Several lines of evidence have implicated not just 
an IOC mechanism but an independent “blob” track- 
ing mechanism in the perception of drifting plaids. 
For example, in other experiments we have conducted, 
alternating component MAEs increased with a decrease 
in alternation rate but they never were as large as 
simultaneously induced effects, suggesting that some 
property of simultaneously-presented component stimuli 
is involved in MAE generation, a property absent in 
the alternating condition. Gorea and Lorenceau (1991) 
concluded that both component and blob retated 
information contribute to plaid direction perception. 

Derrington and Badcock (1992) presented data which 
indicate that the sensitivity to plaid motion is lower than 
it would be if only the component grating motions were 
used to detect plaid motion. They have suggested that 
there is a second, low level “blob” tracking mechanism. 
Although the majority of cells in extrastriate cortical 
areas such as MT tend to be binocular it seems possible, 
perhaps likely, that the low level blob tracking process 
postulated by Derrington and Badcock could be essen- 
tially monocular. For this reason, we considered that 
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FIGURE 4. Means and standard errors of MAE judged directions, 
Expt 2. 
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it would be interesting to examine plaid induced 
MAEs under the three conditions used effectively by 
Moulden (1980) and later by Wolfe and Held (1981) 
to draw inferences about the binocularity of after- 
effect processes, although not always validly in our view 
(Burke & Wenderoth, 1989). These conditions are: adapt 
monocularly and test monocularly through the same 
eye (MON-MOM; adapt mon~~arly but test binocu- 
larly (MON-BIN); and adapt monocularly but test 
monocularly through the unadapted eye (interocular 
transfer or IOT). 

The logic of these conditions rests upon the 
assumption that the aftereffect, in this case the MAE, 
will have a ma~tude determined by the ratio of 
(cells both adapted and tested)/(all cells tested). It can 
be shown under certain assumptions (Moulden, 1980; 
Burke & Wenderoth, 1989) that this ratio predicts 
an aftereffect magnitude ordering of MON-MON > 
MON-BIN > IOT. Under these simplified ass~ptions, 
the IOT effect is small because the only adapted cells 
involved are those which can be adapted through one eye 
and tested through the other, i.e. binocular cells. 

If, then, there is a monocular blob tracking mech- 
anism which contributes to plaid perception and to 
plaid induced MAEs it would contribute completely 
to MON-MON MAEs but not at all to IOT MAEs. 
If the decrease in MAE with component drift separation 
using alternating adaptation is due to the absence of the 
blobs, whereas the lack of decrease using simultaneous 
adaptation is due to the presence of the blobs, then 
MON-MON effects should exhibit a pattern of results 
similar to those of Wenderoth et al. (1988) and to 
those in Fig. 2. IOT effects should be identical in the 
simultaneous and alternating conditions. 

Method 

All methods were as in Expt 1. Sine-wave components, 
0.46 cycles/deg drifted in directions 255 and 285”, or 
225 and 315” or 195 and 345” during adaptation, so that 
the drift separations were 30, 90 or 150”, as in Expt 2. 
Adaptation was either simultaneous or 10 set alternat- 
ing, for a total of 30 set per component. Stimuli were 
presented using one channel of a modified tachistoscope 
simply so that attached cardboard sliders could be 
moved by the experimenter at appropriate times to select 
the viewing mode (monocular or binocular). Seventeen 
subjects each provided one MAE duration measure 
under each of the eighteen conditions. 

Results 

The means and standard errors of MAE durations 
obtained under the MON-MON, MON-BIN and IOT 
conditions are shown in Fig. 5. Repeated measures 
analysis with planned contrasts tested whether there was 
a trend across MON-MON, MON-BIN and IOT con- 
ditions of d@erences between simultaneous and alternat- 
ing effects. This was done for each component angular 
separation separately, because the difference between 
alternating and simultaneous MAEs is larger at the 
larger separation (Expt 1, Wenderoth ef al., 1988). At the 
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FIGURE 5. Means and standard errors of MAE durations in Expt 3. 
(A) MON-MON conditions. (B) MON-BIN conditions. (C) IOT 

conditions. 

150” separation, linear trend across the conditions was 
significant, with F(1,272) = 5.81 and P < 0.025. That is, 
at 150” in Fig. 5, the simultaneous/alternating difirence 
was largest in the MON-MON condition, next largest in 
the MON-BIN condition and smallest of all in the IOT 
condition. No other trends were significant at any of the 
angular separations, with P > 0.1 in every case. 

Discussion 

It is clear, from these results and from inspection 
of Fig. 5, that under IOT conditions there is no differ- 
ence at all in the magnitude of MAEs induced by 
simultaneous and alternating adaptation whereas under 
MON-MON conditions the results resemble those of 
Expt 1 in which viewing was binocular. These results 
strongly implicate a purely monocular blob tracking 
m~hanism as that which fails to be stimulated in 



alternating conditions and which accounts for the 
MAE roll off with increased component direction 
separation. 

Why, then, is this hypothetical blob tracking mechan- 
ism less susceptible to alternating components at small 
component angular separations? A possible reason is 
that when the components are oriented almost orthog- 
onal to the plaid direction, as in the 30” condition, the 
blobs are elongated in a direction similar to the bars of 
the gratings and orthogonal to the direction of plaid 
drift. In the 150” condition, the blobs are elongated in 
the direction of plaid drift. Hence, similar cells will be 
adapted by components or blobs when all are oriented 
orthogonal to plaid drift and these might be essentially 
cortical component-selective cells. There is evidence that 
the 25% of cells in MT which Movshon et al. (1985) 
classed as pattern-selective respond to elongated con- 
tours which move parallel to their orientation, just as the 
blobs do at the 150” separation of components (Rodman 
& Albright, 1989). Perhaps it is the stimulation of these 
cells by the blobs of the plaid but not by the alternating 
components in the 150” condition which inflates the 
plaid induced MAE in that condition under simul- 
taneous adaptation conditions. Indeed, from Fig. 5(C), 
which essentially plots MAEs putatively not induced by 
the blobs, it appears that the contribution of binocular 
mechanisms to plaid induced MAEs is relatively small; 
and that a large proportion of the plaid-induced MAEs 
can be attributed to monocular blob tracking mechan- 
isms or monocular orientation-selective mechanisms or 
both. 

plaid directions were extremely large and were tuned 
to the angular separation of the component gratings. 
Thus, for example, when component separations were 
10, 20, 30 and 40”, plaid directions were misperceived by 
26, 8, 5 and 4”, respectively. While these results were 
predictable from an IOC construction based upon mis- 
coded component directions, as in Fig. 3, averages of 
vector sum and true directions would have predicted 
misperceptions of 12, 12, 12 and 11’) respectively, clearly 
quite unlike the results obtained. Second, if this were the 
explanation, then the perceived direction of the MAE 
induced by the Type I asymmetrical plaids in Expt 2 also 
would have been opposite the average of the vector sum 
and the true direction, namely 274-275’, not the 267.66’ 
obtained. 

SUMMARY AND CONCLUSIONS 

These experiments have demonstrated that the results 
obtained by Wenderoth et al. (1988) with MAEs induced 
by simultaneous and alternating plaid component 
gratings are replicable when the test stimulus is a plaid 
rather than a grating and when the dependent variable 
is MAE duration rather than distance tracked. Evidence 
has been adduced for at least two mechanisms involved 
in the coding of plaid motion: an IOC mechanism 
which is essentially binocular and probably extrastriate, 
as postulated in Movshon et al.‘s (1985) model; and a 
low level monocular blob tracking mechanism. It is the 
latter mechanism which was not included in Wenderoth 
et al.‘s treatment of their data which therefore was 
oversimplified. 

Considering the results of all three experiments, it 
can be concluded that the deference between MAEs 
induced by simultaneously-presented and alternating 
plaid components is due to the presence of the blobs in 
the simultaneous case. Experiment 2 provided evidence 
that alternating adaptation produces the same MAE 
direction as simultaneous adaptation, suggesting that 
both modes of stimulation adapt an IOC-like mechan- 
ism. Similarly, the lack of any difference between the 
durations of MAEs induced by simultaneous and alter- 
nating components in the IOT conditions of Expt 3 
suggests that the binocular mechanism mediating 
interocular transfer is also equally affected by simul- 
taneous and alternating exposure; and it has been 
suggested that this binocular mechanism is the IOC-like 
mechanism. The fact that the average interocularly 
transferred effects were very small compared with the 
MON-MON effects would then be attributable to the 
fact that in the IOT test phase, unadapted monocular 
cells dilute the MAE which arises from the prior adap- 
tation of only binocular cells (Moulden, 1980; Wolfe & 
Held, 1981; Burke & Wenderoth, 1989). 
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