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Three experiments were conducted to analyse the effect of contrast and adaptation state on the ability
of human observers to di~rimi~ate the motion of drifting gratings. In the first ex~rime~t, subjects
judged the direction of briefly presented gratings, which slowly drifted leftward or rightward. The test
gratings were enveloped in space by a raised cosine function and in time by a Gaussian. The centre
of the spatial envelope was either 2 deg left or right of the fixation point. An adaptive staircase
procedure was used to lind the velocities, at which the observer judged the motion direction in 75%
of the presentations as leftwards or rightwards, respectively. In the second experiment, subjects judged
the relative speed of two simultaneously presented gratings. Stimulus contrast was varied in both
experiments from 0.01 to 0.32. Discrimination threshold vs contrast functions were measured before
and after adaptation to a high-contrast (0.4) grating drifting at rates between 2 and 32 Hz. In a third
experiment, subjects matched, before and after adaptation, the relative speed of a test stimulus, which
had a constant contrast (0.04 or 0.08) and a variable speed, to that of a reference stimulus having
a variable contrast but a constant speed. The results indicate that, before adaptation, direction and
speed discrimination thresholds are inde~ndent of test contrast, except when test contrast approaches
the detection threshold level. Adaptation to a drifting grating increases the lower threshold of motion
(LTM) and the speed discrimination threshold (A V/ I’) for low test contrasts. In addition, the point
of subjective stationarity (PSS) shifts towards the adapted direction and this shift is more pronounced
for low test contrasts. The perceived speed of a drifting grating increases with increasing contrast level.
Adaptation to a drifting grating shifts the perceived speed vs log contrast function downwards and to
the right (toward higher contrast levels) and this shift is greatest for adaptation frequencies between
8 and 16 Hz, We further explored the effects of adaptation contrast (0.04,0.4 and 0.9) and adaptation
drift direction (iso- or contra-directional) on the perceived speed versus contrast function. The effect
of adaptation is greatest for iso-directional drift and increases with increasing adaptation contrast.
The results are discussed in terms of a contrast gain control model of adaptation.
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& Baker, 1991; Diener, Wist, Dichgans & Brandt, 1976;
Ferrera & Wilson, 1991; Smith & Edgar, 1990), whether
Many aspects of vision improve with increasing stimulus
the stimulus contours are defined by luminance or colour
contrast. Examples of this are performance on oriendifferences (Cavanagh & Favreau, 1985; Cavanagh,
tation and spatial frequency discrimination tasks, DisTyler & Favreau, 1984; Troscianko & Fable, 1988) and
crimination performance increases for contrasts between
whether the stimuli are presented in central or peripheral
the detection level and about 5 times this level, at which
vision (Hunzelmann & Spillmann, 1984; Johnston &
point it reaches its asymptotic value (Greenlee, 1992;
Wright, 1986; Tynan & Sekuler, 1982). as well as on the
Howard, 1989; Thomas, 1983). Contrast also plays an
adaptation state of the observer.
essential role in motion perception. For example, the
Since the original studies of Pantle and Sekuler (1968)
perceived speed of a moving stimulus not only depends
and Blakemore and Campbell (1969), we know that
on its physical speed, but also on its contrast (Stone &
adaptation to high-contrast gratings increases the conThompson, 1992; Thompson, 198 1). Perceived speed
trast detection threshold for test stimuli with similar
also depends on the stimulus spatial frequency (Boulton
spatial characteristics. More recently, Greenlee and
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significantly lower for contrast levels above 0.5. The
improvement in contrast discrimination was also shown
to be selective to the orientation of the test and adapting
gratings. This enhancement in discrimination was taken
as psychophysical evidence that contrast gain control
can be a useful mechanism to insure a differentiated
response at high-contrast levels. These results have recently been replicated and extended by Wilson and
Humanski (1993), who proposed a neural network
model of contrast gain control. There is ample evidence
for contrast gain control in the response characteristics
of cortical cells in the cat (Ohzawa, Sctar & Freeman,
1985) and monkey (Albrecht, Farrar & Hamilton, 1984;
Solar, Lennie & DePriest, 1989). Albrecht et af. (1984)
have shown that the hyperbolic ratio provides a good
description of the contrast-response function of neurons
in the visual cortex of the monkey. Adaptation appears
to shift the semisaturation constant towards higher
values, thereby unsaturating the adapted mechanisms.
The effects of adaptation on the relationship between
contrast and the spatial frequency discrimination
threshold for sine-wave gratings can also be accounted
for by an increase in the semisaturation constant of the
hyperbolic ratio (Greenlee & Thomas, 1992). For spatial
frequency discrimination, adaptation elevated discrimination thresholds at low contrasts, but had no effect on
the asymptotic value of Afif at high contrasts. Contrary
to contrast discrimination, adaptation does not appear
to have a direct benefit for spatial frequency discrimination. It remains to be determined whether adaptation
can have a beneficial effect on other aspects of vision.
It has been shown that the perceived speed of drifting
gratings depends on contrast (Stone & Thompson. 1992;
Thompson, 1982) and that adaptation to a moving
grating can reduce the perceived speed of sub~quently
viewed stimuli (Thompson, 1981). In the present investigation, we determined the role of stimulus contrast and
adaptation state on various aspects of the perception of
drifting gratings. We demonstrate how adaptation to
gratings drifting at different rates affects the relationship
between contrast and the thresholds for discriminating
the direction and speed of subsequently viewed drifting
gratings. We further explore the effects of adaptation on
the relationship between contrast and the perceived
speed of drifting gratings. We propose that the effects of
adaptation on motion perception can be described by
changes in the underIying contrast transducer function.
Adaptation acts to enfarge the range over which direction and speed discrimination thresholds depend on
contrast. The perceived speed vs log contrast function is
shifted downwards and to the right following adaptation
to a high-contrast drifting grating. The results support a
gain control model of adaptation, which is extended to
explain the effects of contrast and adaptation on motion
perception.
METHOD

Srimuli

Sine-wave luminance gratings of vertical orientation
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were produced on a high-r~soIution display (Joyce Electronics), having a white (P4) phosphor. a frame rate of
100 Hz and an average mean luminance of 200 cd-m’.
The linearity of the control voltage- luminance characteristic of the display was calibrated using a spot photometer. The contrast of the grating stimuli was modulated
in space by a raised cosine function and in time by a
Gaussian envelope (Marcelja. 1980). The Gaussian had
a time constant (a,) of I I frames, corresponding to
I IO msec. i.e. 260msec above half-amplitude. In the
space domain each grating had a total width of 2 deg.
Contrast was defined by the Michelson equation and it
varied from 0.01 to 0.32. In all experiments, the spatial
frequency of the test gratings was 1.6 c’deg. The test
gratings were presented 2 deg on either side of the central
fixation point. In Expts I and 11, the adapting grating
subtended IO deg in width and was centred in the middle
of the display, whereas in Expt III it was positioned on
the right half of the screen. Its spatial frequency was also
constant at 1.6 c/deg. In Expt I, the drift frequency of the
adapting grating was either 2 or 8 Hz and in Expt II. it
varied from 2 to 32 Hz. In both experiments adaptation
direction was rightwards and adaptation contrast was
0.4. In Expt III, the adapting grating drifted at rates
between 2 and 32 Hz to the right or to the left. Adaptation contrast was either 0.04, 0.4 or 0.9. In ail experiments, a constant interval of 2 set was interposed
between the end of the readaptation period and the
beginning of the test period, during which time the
display was blank. Figure I illustrates the three experimental conditions.
Procedure

The observers viewed the display binocularly at a
distance of 0.84 m. During the experiments, they were
asked to fixate a point positioned in the centre of the
display. The latter was surrounded by a semi-circular,
back-illuminated Plexiglas screen with a mean luminance
of 100 cd/m’. Viewing distance and head orientation was
held constant by having observers place their chin on a
chin-forehead rest.
Experimenr I: direction discriminu~ion. Figure I (a)
schematically illustrates the stimulus conditions used in
this experiment. In a typical run, four different contrast
values were presented in random order, each contrast 20
times. On each trial, one stimulus was randomly presented either 2 deg left or right of the fixation point. The
stimulus drifted either to the left or to the right and the
direction of this drift was random from trial to trial.
Approximately 300 msec before the presentation of each
stimulus, a computer-generated
tone was given to announce the beginning of the next trial. The observer
judged in which direction the grating drifted. The drift
velocity was controlled using an adaptive, maximum
likelihood algorithm (Lieberman & Pentland, 1982). The
velocity of a stimulus perceived in 75% of the presentations as leftwards drifting was defined as the leftward
direction threshold and the velocity of a stimulus perceived in 75% of the presentations as rightwards drifting was defined as the rightward direction threshold.
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FIGURE
1. Schematic illustration
of the stimulus conditions
used in the experiments.
(a) The conditions
used in the
direction threshold measurements
before and after adaptation
to a rightward drifting grating. On each trial, a test grating
was presented randomly left or right of fixation. Its direction varied randomly either to the left or right. The observer judged
in which direction the grating moved. (b) The stimulus conditions
used to determine the speed discrimination
thresholds
before and after adaptation
to a rightward drifting grating. On each trial. two gratings were presented left and right of
fixation during the match period. One had the reference speed and one had the test speed. The observer judged which grating
moved faster. (c) The experimental
paradigm
used to estimate the perceived speed of drifting gratings before and after
adaptation
to a rightward
or leftward drifting grating. positioned
1 deg off-centred in the right visual field.

Direction
thresholds
were determined
before and after
adaptation.
The subjects viewed the adapting grating for
100 sec. The first trial began 2 set after the adaptation
grating was turned off. Each trial was followed by a
10 see readaptation
period, in which the same adaptation
grating was presented again. Two runs were conducted
for each condition.
Experiment
II: speed discrimination.
Figure 1(b) schematically ilfustrates the’ stimulus conditions
used in this
experiment.
Speed discrimination
was measured for two
spatially truncated sine-wave gratings, presented simultaneously 2 deg on either side of a fixation point. In a
typical run, four different contrast values were presented
in random order. Both gratings always had the same
contrast. One of the gratings had the reference speed of

1.25 deg/sec (or 2 Hz) and the other had the test speed,
which was incremented
by a certain amount (AV). The
position of the test and reference grating was randomly
determined
on each trial. The subject responded which
grating appeared to move faster. Individual
maximumlikelihood
estimates of the threshold AV value, where
threshold performance
was defined as 75% correct, were
made for each of the reference contrast levels using the
Best-PEST procedure.
Speed discrimination
thresholds
were measured before and after adaptation.
Adaptation
and match drift directions were always to the right. The
initial adaptation
period was 100 sec. As in Expt I, each
match period was followed by a readaptation
period of
IO set duration.
Three runs were performed
for each
condition.
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Experiment III: perceived speed judgements.
Figure
l(c) illustrates the stimulus conditions used. The perceived speed of the reference grating drifting at a rate of
2 Hz was determined using a modified two-alternative
forced-choice paradigm. The contrast of the reference
grating was varied from 0.01 to 0.32 in separate staircases. Its speed was compared to that of the test grating,
which had a variable speed but a fixed contrast of 0.04
or 0.08, depending on the conditions investigated. Approximately 3OOmsec before the presentation of each
stimulus pair, a computer-generated tone was given to
announce the beginning of the next trial. The subjects
were asked to judge which of the two gratings appeared
to move faster. In a typical run, four or five different
contrast values of the reference grating were presented in
random order, each stimulus 20 times. Individual maximum-likelihood estimates of the speed of the test grating
which yielded 50% “faster” judgements were determined
[Best-PEST (Lieberman & Pentland, 1982)]. The speed
judgements were made before and after adaptation. The
initial adaptation period was 100 set and each match
period was followed by a readaptation period of 10 see
duration. Three runs were performed for each condition.
Observers

The authors served as the two main observers. A third
subject, HJL, was run in Expt I and the first part of
Expt II. A fourth subject, EMM, was run in Expt III.
Observers HJL and EMM were uninformed as to the
aims of the investigation. The two main observers and
EMM wore their refractive corrections during the experiments. HJL is emmetropic. Viewing was binocular and
conducted with natural pupils. All subjects were well-
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practised psychophysical observers, so that they were
able to fixate a point in the centre of the screen despite
the presentation of a leftward or rightward drifting
grating. During adaptation and test/match periods, eye
movements were restricted, for the most part. to physiological fixation nystagmus.
RESULTS
Experiment

I: direction d~~crirn~ati~n

The results of the first experiment are shown in Fig. 2.
Prior to adaptation, direction thresholds are more or less
independent
of test contrast. For subject MWG
[Fig. 2(a)], the values range from 0.1 to 0.35 Hz (corresponding to 0.06-0.22 deg/sec) for perceived outward
drift. These findings are in close agreement with published results for similar stimulus conditions (Johnston &
Wright, 1985; Wright & Gurney, 1992). The rightward
direction thresholds are elevated following adaptation to
a grating drifting at 2 Hz and this eievation is most
pronounced for low test contrasts. Adaptation to an
8 Hz drift frequency has an even more pronounced effect
on the rightward direction threshold. In a similar manner, the leftward direction thresholds are shifted in the
rightwards direction after 2 Hz rightward adaptation
and by an even greater amount after 8 Hz rightward
adaptation. At low test contrasts, following adaptation
the test stimuli were more difficult to detect and determination of direction thresholds becomes less reliable. The
leftward direction thresholds cross the zero line and take
on positive values at intermediate contrast levels.
The results of the second and third observers are
shown in Fig. 2(b,c), and confirm these findings.
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FIGURE 2. Direction thresholds are plotted as a function of the test contrast on semi-logarithmic coordinates. The mean
values of two runs, averaged over the left and right visual hemifield (n = 4) -I- ISE, are shown. Positive values designate
rightward motion and negative values represent teftward motion. Circles present the results determined before adap~t~on,
squares show the findingsmeasured after 2 Hzadaptation rightward and trianglesgive the results for measurements made after
8 Hz adaptation rightward. Open symbols present the findings for the rightward direction thresholds and solid symbols give
the results for the leftward direction thresholds. The dashed horizontal line depicts physical stationarity. (a) The findings for
observer MWG, (b) for RM and (c) for HJL. An analysis of variance for repeated measures (Super ANOVA, version 1.1.
Abacus Concepts, U.S.A.) was conducted to test the statistical significance of the effects of adaptation state, test contrast, drift
direction and position (left or right visual hemi~e~d) on direction thresholds. This analysis revealed significant main effects of
Adaptation State [i.e. no adaptation, 2 and 8 Hz adaptation; F(2,6) = 10.75, P = O.Ol], Test Contrast [F(l0,60) = 6.4,
P = O.OOOl]
and Drift Direction [F( 1,6) = 45.3, P = O.OOOS].
The effect of the visual hemifield (i.e. stimulus presented left or
right of fixation) was not significant. There were also significant interactions between the main effects Adaptation State and
Test Contrast [k(20,60) = 3.7, P = O.OOOl],Adaptation State and Drift Direction [F(2,6) = 4.9, P = 0.051, Test Contrast and
Drift Direction [F(lO,hO) = 23.0, P = O.OOOf],
as well as between all three factors [F(20,60) = 5.8, P = O.OoOl].
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Observer
RM’s unadapted
thresholds
are somewhat
shifted
towards
rightward
drift direction,
a trend
which is also evident, though to a lesser extent. in the two
other subjects. In addition the effects of adaptation
on
RM’s threshold data are less pronounced
than those of
observers
MWG
and HJL (note different
ordinate
scales). Otherwise the results of the three subjects are
similar.
The results of an analysis of variance are summarized
in the legend of Fig. 2. The effects of test contrast and
adaptation
state are highly significant.
The significant
interaction
between adaptation
state and test contrast
implies that the shape of the direction
thresholds
vs
contrast
functions
differs after adaptation.
The interaction between
adaptation
state and drift direction
implies that the adaptation
effect had a significant
direction-specific
component.
As is evident in Fig. 2, the
effects of iso-directional
adaptation
are more pronounced
than those of contra-directional
adaptation.
The test contrast x drift direction interaction,
as well as
the three-way interaction
suggests that the shape of these
functions also depends on the drift direction, especially
after adaptation.
Again, these trends are evident in the
results presented in Fig. 2.
From the results in Fig. 2 we can calculate the lower
threshold of motion (LTM) as the difference between the
thresholds for perceiving rightward and leftward motion
divided by two, in analogy to Johnston
and Wright
(1985). Figure 3 plots LTM as a function of test contrast.
The different symbols present the findings for the three
adaptation
conditions
(see inset). The curves present the
best fitting hyperbolic ratios for the reciprocal value of
LTM (i.e. the absolute motion sensitivity):

W. GREENLEE

(1)
LTM,,,,, is the asymptotic value ot
where K = l/LTM,,,.
LTM at high contrasts,
C‘,, is the semisaturation
constant of the contrast transducer
function and the exponent n determines
the steepness of the function when
IiLTM is plotted against log C (Greenlee & Thomas,
1992). As can be seen in Fig. 3. the hyperbolic
ratio
provides a convenient
description
of the relationship
between l/LTM and log contrast. The correlation
coefficients describing the goodness of fit were 0.44.0.7 and
0.56 for the unadapted condition, 0.98,0.99 and 0.98 for
the adapted conditions,
for subject MWG, RM and
HJL, respectively. As is evident from the results, adaptation increases the contrast dependency
of LTM and
the curves describing
these functions
shift towards
higher contrast levels.
The results shown in Fig. 2 also allow us to analyse
the effects of adaptation
on the point of subjective
stationarity
(PSS). Stimuli at that point are judged in
50% of the presentations
as rightward
and 50% as
leftward. We calculate PSS as the sign-conserving
mean
of the leftwards and rightwards direction thresholds and
as such it represents a statistical estimate of the PSS. The
results from the three observers are shown in Fig. 4(&-c).
Following
adaptation
to a rightward
drifting grating
PSS is shifted towards higher velocities of rightward
motion. The magnitude of this shift depends on the test
contrast: the effects of adaptation
are most pronounced
for low test contrasts.
All subjects show a more pronounced
adaptation
effect for the higher adaptation
frequency of 8 Hz. This shift in PSS corresponds
to the
well-known
aftereffect of motion adaptation.
in which
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FIGURE 3. The LTM, defined as the difference between rightward and leftward direction thresholds divided by 2, is plotted
as a function of test contrast on semi-logarithmic
coordinates.
Circles present the results determined
prior to adaptation.
squares show the findings measured after 2 Hz adaptation
and triangles give the results for measurements
made after 8 H7
adaptation.
The symbols indicate the mean values of two runs, for each of the two hemifields (n = 4) and error bars show
+ ISE. The curves are the best fitting hyperbolic ratios of I/LTM. (ax) The findings for the observers MWG, RM and
HJL, respectively.
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stationary gratings appear to drift in a direction opposite
that of the adapting grating (Barlow & Hilf, 1963;
Sekuler & Pantie, 1967).
Experiment

II: speed discrimination

The results of the second experiment, in which we
explored the effects of adaptation on the speed discrimi-

0.001
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nation threshold (i.e. the Weber fraction AV/V) are
shown in Fig. 5. Figure 5(a) presents the results from
observer MWG and Fig. 5(b) gives the results for
observer RM. Only uncomplete data for the unadapted
and 2 Hz adaptation condition were collected in subject
HJL, and, though similar to those of the two main
observers, are not shown in Fig. 5. A V/ V decreases with
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FIGURE
4. The PSS, defined as the mean of the direction thresholds
for leftward and rightward
motion. is shown as a
function of the test contrast on semi-logarithmic
coordinates.
Circles present the results determined
before adaptation,
squares show the findings measured after 2 Hz adaptation
rightward and triangles give the results for measurements
made
after 8 Hz adaptation
rightward.
The symbols indicate the mean values of two runs, for each of the two hemihelds (n = 4)
and error bars show + ISE. (sac) The findings for observers MWG. RM and HJL, respectively.

increasing
contrast level and this contrast
becomes more pronounced
after adaptation.
shifts the discrimination
function to the right.
are the best fitting hyperbolic
ratios of the

dependency
Adaptation
The curves
form:

where A V,,,,, is the asymptotic
value of AV for high
reference contrasts,
C, 5 is the semisaturation
constant,
i.e. the contrast
value at which V/AV is at half its
maximal
value and the exponent
n is the steepness
parameter.
The correlation
coefficient describing the goodness of
fit was 0.66 (observer MWG) and 0.85 (observer RM)
for the unadapted
thresholds
and 0.90.99
for the
adapted thresholds. An analysis of variance for repeated
measures revealed highly significant effects of reference
contrast
[F( 10,40) = 7.3, P = O.OOOl] and adaptation
state
[F(5,20) = 3.8, P = 0.0141 on discrimination
thresholds. The interaction
between these terms was also
highly significant [F(50,200) = 2.8, P = O.OOOl], indicating that the shapes of the unadapted
and adapted
functions significantly
differ from each other.
The results presented in Fig. 5 clearly indicate that,
following adaptation
to a rightward drifting grating of
0.4 contrast.
speed discrimination
thresholds
are elevated for low contrast
gratings.
The amount
of this
threshold elevation can be expressed by the ratio,

(3)
and this ratio is plotted in Fig. 6 as a function of the
adaptation
drift rate for three different reference contrast levels (see inset). For high reference contrast levels,
adaptation
has no effect on speed discrimination
thresholds
(R*,, z 1.O). The results for low reference
contrast
levels indicate
that the adaptation
effect is
dependent on the temporal rate of the adapting grating:
thresholds are most greatly elevated by adaptation
ranging between 8 and 16 Hz. As will be shown below, it is
just at these adapting
frequencies
that the perceived
speed of a drifting grating is maximally
reduced.
Experiment III: <fJct qf‘ iso -directionuI
speed judgements

uduptation

The results of Expt III, in which we explore
of adaptation
on the perceived speed of drifting
are shown in Fig. 7 for two observers. The
speed of the reference grating is represented by
V’=r

Vt,,t

on

the effect
gratings,
perceived
V’, where
(4)

is plotted as a function
of the reference contrast
on
semi-logarithmic
coordinates.
A V’ of 1 means that the
speed of the reference grating was perceived veridically.
A value < 1.0 means that the speed of the test grating
had to be reduced in order to match that of the reference
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FIGURE 5. Speed discrimination thresholds (i.e. the Weber fractions AVIV) are shown as a function of reference contrast
on semi-logarithmic coordinates. Solid circles present the results determined before adaptation and the other symbols show
the results after adaptation to rightward drifting gratings of various temporal frequency (2-32 Hz; see inset). The symbols
present the means of three runs and error bars show + ISE. For the sake of clarity, error bars are given only for the
unadapted values, which are similar in size to the adapted values. The curves show the best fitting hyperbolic ratios for
V/AV. (a) The results for observer MWG and (b) those of observer RM.
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FIGURE 6. The relative adaptation
effect RAv,asdefined in equation (3), is plotted as a function of the adapting temporal
frequency for observer MWG (a) and RM (b). The solid circles show the mean values for the reference contrasts 0.01, 0.014.
0.02 and 0.028 (low reference contrasts), the open circles present the mean values for 0.04.0.056 and 0.08 (medium reference
contrasts)
and solid squares give the mean values for 0.113. 0.16. 0.226 and 0.32 (high reference contrasts).
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FIGURE
7. The perceived speed V’, defined in equation (4). as a function of the contrast of the reference grating for test
gratings of 0.04 contrast (arrow). Solid circles show the results for the unadapted
condition and the other symbols show
the findings after adaptation
lo a high-contrast
(0.4) grating driRing rightwards
at various rates (see inset). The symbols
show the means of three measurements
and the error bars + 1SE. The results for observer MWG are shown in (a) and
for RM in (b). An analysis of variance for repeated measures was applied to the results to determine the statistical
significance of the main effects of adaptation
frequency and reference contrast on the perceived speed judgements.
Both
Adaptation
Frequency
[F(4,4) = 170.3. P = O.ooOl] and Reference Contrast [F( 10.10) = 11.96,P = 0.0003] had a highly
significant
effect on the speed matches.
The interaction
between
these main effects was also highly significant
IF(40.40) = 2.57, P = O.O017] indicating that the shapes of the V’ vs contrast functions differed for the different adaptation
conditions.
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(f 1SE) of the hyperbolic

ratio [equation (5)] used to describe the functions
and after adaptation
for the two observers tested
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grating and a value above 1.0 implies that the speed of
the test grating had to be increased in order to match the
perceived speed of the reference grating. It should be
noted that in all of the experiments reported in the
following the physical speed of the reference grating
remained unchanged. Y’ is an estimate of the perceived
speed of the reference grating and variations in V’ thus
reflect the effects of stimulus contrast and adaptation
state on this perceived speed.
In Fig. 7, solid circles present the results determined
before adaptation. V’ increases as the contrast of the
reference grating increases. That means that the perceived speed of the reference grating with constant
physical speed increases with increasing contrast. For
observer MWG [Fig. 7(a)], P” approaches unity when
the reference contrast is equal to that of the test contrast
(indicated by the arrow pointing to the value on the
abscissa). V’ significantly exceeds unity when reference
contrast is greater than the test contrast. Observer RM
[Fig. 7(b)] exhibits a tendency for values to exceed unity
already at low reference contrasts. The other symbols in
Fig. 7 show the findings for the adaptation conditions
with an adapting frequency from 2 to 32 Hz rightwards
(see inset). Adaptation to an iso-directional drifting
grating shifts the perceived speed vs contrast function
downwards and to the right and this shift increases with
increasing adaptation frequency up to 16 Hz. For 32 Hz
adaptation frequency, the curve reapproaches the unadapted values. Both observers show a similar dependency on contrast and adaptation state.
The curves are the best fitting hyperbolic ratios of the
form:

where V’,,i, is the lower asymptotic value of V’,
V’,n,,+ V’“,,, is the upper asymptotic value of V’, C0.Sis
the semisaturation constant and the exponent n determines the steepness of the function when I” is plotted
against log C.
As was evident in the results shown in Fig. 2, the
rightward direction threshold is some value above zero.
Before adaptation, the mean of this threshold for subjects MWG and RM was 0.21 and 0.63 Hz, respectively.

Individual differences in direction thresholds are also
reflected, though to a lesser extent, in V’,,,, which was
found to be 0.22 for subject MWG and 0.29 for subject
RM. v’,,,, is the lower asymptotic value of V’ for the
different adaptation conditions. Y’m,,,reflects the value at
which the observer perceived the visible reference stimulus as almost stationary. As reference contrast approached the detection threshold level, it was dificult for
the subjects to detect the reference stimulus, thus making
V’ difficult to define. In such cases. we have substituted
V’,,” for I/’ (for MWG these were the values at 0.01
reference contrast following 8 and 16 Hz adaptation, for
RM the values at 0.01 and 0.014 reference contrasts
following 2-l 6 Hz adaptation and 4- 16 Hz adaptation,
respectively). These points have been excluded from the
curve-fitting procedure and thus do not contribute to the
values in Table I.
Table I presents the values of the parameters in
equation (5) for the two subjects tested. I/‘,,,,,, as described above, was given a constant value for each
subject. V’,,,,, C,,, and n were determined by leastsquares criterion and iteration. The goodness of fit is
depicted by the correlation coefficient r. The ratios of the
mean adapted and unadapted values are given in the last
row of Table I. Adaptation to an iso-directional drifting
grating increases the semisaturation constant and to a
lesser extent, the exponent of the function, whereas it
reduces the maximal perceived speed.
It is clear from the findings in Fig. 7 and Table 1 that
the speed of the adapting grating determines the extent
to which the perceived speed vs contrast function is
shifted by adaptation. We reanalysed the results shown
in Fig. 7 by plotting the relative adaptation effect R,.,
where
R,,,

_

cif,,u‘htcd

(6)

as a function of the adaptation temporal frequency. The
mean R,- values averaged over the different reference
contrast levels are shown by the continuous line and
solid symbols in Fig. 8 for the two observers tested.
We also calculated the R, values for three different reference contrast levels: for low contrasts (~.02~.04). for
medium contrasts (0,056-O. 113) and for high contrasts
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EICURE 8. The relative adaptation effect, &, as defined in equation (6), as a function ofthe adaptation temporal frequency
for observer MWG (a) and RM (b). Tfre dierent open symbols show the mean of nine measurements (three runs Ior each
of three reference contrast values) for the low (0.02. 0.028. O.O4),medium (0.056, 0.08. 0.113) and high (0.16, 0.226, 0.32)
contrast levels separately (see inset). The solid symbols show the means over all nine reference contrast levels.
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FIGURE 9. The relative adaptation
effect R,-,
as defined in equation (6). as a function of the adaptation
temporal frequency
and direction. The different symbols designate the three adapting contrast levels used (see inset). Solid symbols show the
results for the condition
of leftward (contra-directional)
adaptation
and open symbols show the findings for rIghtward
(iso-directional)
adaptation.
The symbols show the mean of 15 measurements
(three runs for each of five reference contrast
levels). Error bars designate
+ ISE. The horizontal
dotted line indicates an R = 1.0,
i.e. no adaptation
effect. Results for
observer RM are shown in (a) and those for EMM in (b). An analysis of variance for repeated measures (SuperANOVA.
version 1.1 I, Abacus Concepts) was applied to the results to determine the statistical significance of the main effects of
adaptation
direction, adaptation
contrast, adaptation
frequency and reference contrast on the perceived speed judgements.
The main effects Adaptation
Direction
[F(1,3) = 189.6, P = 0.000X], Adaptation
Contrast
[F(2.3) = 8.82, P = 0.051.
Adaptation
Frequency
[F(5,15) = 72.7, P = O.OOOl]
and Reference Contrast
[F(4,12) = 61.1, P = O.OOOl] had a highly
significant effect on the speed matches. The interactions
between the main efrects Adaptation
Direction and Adaptation
Frequency
[F(5.15) = 30.0. P = O.OOOl]
and between Adaptation
Frequency
and Reference Contrast
[F(20.60) = 3.X.
P = O.OOOl]
werealso highly significant.
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(0.1h-0.32). The results of this analysis are shown by the
dashed curves and open symbols in Fig. 8 (see inset). The
results indicate that the effect of adaptation increases with
adaptation frequency up to 8-l 6 Hz, after which it begins
to decline. Both subjects exhibit a clear bandpass tuning
of the adaptation effect. The adaptation effect is greatest
for low reference contrasts and declines for medium to
high contrasts. The overall shape of the temporal frequency tuning curves and the position of the maxima, are
similar for the different reference contrast levels. The
results of an analysis of variance for repeated measures
support these conclusions. The main effects of adaptation
frequency [F(4.4) = 28.2, I’ = 0.00341 and reference contrast [F(8,8) = 6.34, P = O.OOSS]are bigly significant.
There is a signifi~nt interaction between these terms
[F(32,32) = 2.05, P = 0.0231, suggesting that the shape of
the functions varies somewhat with reference contrast
level.
Experiment III: e$Cects of adaptation direction and adaptation contrast on peweked speed

The effects of adaptation to a drifting grating have been
shown to be selective to the direction and contrast of the
adapting grating, as already evident in the early studies
(Breitmeyer, 1973; Sekuler 8r Ganz, 1963). We compared
the effects of adaptation to rightward and leftward drifting gratings with 0.04,0.4 and 0.9 contrast levels. Figure
9 presents the results of these measurements for two observers; for observer RM in Fig. 9(a) and observer EMM
in Fig. 9(b). The relative adaptation effect Rv [as defined
in equation (6)] is shown as a function of the drift rate of
the adapting grating. Negative values on the abscissa
indicate leftward (contra-directional) adaptation direction and positive values designate rightward (isodirectional) drift. The reference and test gratings always
drifted to the right. The test contrast was, in this experiment, 0.08 and the reference contrast varied from 0.02 to
0.32, each step increasing by a factor of 2. There is a clear
dependency of the relative adaptation effect on adaptation direction: adaptation in the same direction reduces
the perceived speed of drifting gratings more than adaptation in the opposite direction. The adapting contrast
also contributes to the effects of adaptation on perceived
speed. Interestingly, fairly robust effects on the perceived
speed were already evident for the low contrast adapting
grating of 0.04. A similar tuning of the adaptation effect as
that evident in Fig. 8 was found at the three different
adapting contrasts (note that the abscissa is linear in
Fig. 9). The frequency selectivity of adaptation is not as
pronounced for contra-d~r~tionai adaptation (see below).
The results of an analysis of variance are summarized in
the legend of Fig. 9. The interaction between the main
effects adaptation direction and adaptation frequency
indicates that the shape of the temporal frequency tuning
curves of the adaptation effect depends on the relative
direction of adaptation, whereas the interaction between
adaptation frequency and reference contrast suggests that
the shapes of the V’ vs contrast functions differed for the
different adaptation frequencies. This latter result was
described above for iso-directional adaptation (Fig. 7).
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FlGURE 10. The asymmetry index A, defined in equation (7), as a
function of adaptation temporal frequency for observer RM (a) and
observer EMM (b). The different symbols designate the three adapting
contrast levels used (see inset). Each symbol indicates the mean of 15
measurements, obtained from three runs for iso- and three runs for
contra~ir~tional
adaptation, with the five reference contrast levels
0.02, 0.04, 0.08, 0.16 and 0.32. Error bars represent + ISE.

To provide a quantitative description of the relative
change in perceived velocity following iso-directional vs
contra-directional adaptation, we define the asymmetry
index:

If the perceived velocity is affected to an equal extent by
iso- and contra-directional
adaptation then A z 0,
whereas a substantial reduction in V’ for isodirectional
adaptation without a concomitant change for contradirectional adaptation would lead to an A x 1. Figure IO
portrays A as a function of the adaptation drift rate,
which is based on results taken from Fig. 9. The results
indicate that the extent of directional asymmetry of the
effects of adaptation on perceived velocity depends on
the adaptation frequency. The asymmetry index A is
reduced for adaptation frequencies of 2 and 32 Hz and
greatest for adaptation frequencies between 4 and 16 Hz.
This observation was supported by statistical analysis
(ANOVA for repeated measures), which revealed a
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highly significant effect of adaptation frequency on the
asymmetry index A [F(4,12) = 36.3, P = O.OOOl].This
result confirms that the effects of adaptation to a drifting
grating have their most pronounced directional selectivity for drift rates centred around 8 Hz. The magnitude
and shape of these functions are not significantly affected
by the adaptation contrast [main effect of adaptation
contrast, F(2,3) = 2.4, P > 0.2; interaction between
adaptation
contrast
and
adaptation
frequency,
F(8,12) = 0.9, P > 0.51.
Figure 11 refers to these same results, but now the
asymmetry index A is plotted as a function of the
reference contrast level. Although there is a tendency for
A to increase with decreasing reference contrast level,
this effect is only marginally significant ]F(4,12) = 3. I,
P = 0.055]. The lack of a signi~cant interaction with
adaptation frequency [F(16,48) = 1.6, P > 0.11 and adaptation contrast [F(8,12) = 0.49, P r 0.81 suggests that
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FIGURE
I I. The asymmetry
index A, defined in equation (7). as a
function of reference contrast for observer RM (a) and observer EMM
(b). The different symbols designate the three adapting contrast levels
used (see inset). Each symbol represents the mean of 15 measurements.
obtained from three runs for iso- and three runs for contra-directional
adaptation
with the five adaptation
temporal frequencies 2.4.X. 16 and
32 Hz. Error bars show + ISE.
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the role of reference contrast on the asymmetry of the
adaptation effect is minimal.
DISCUSSION
We have explored the effects of contrast and adaptation state on three aspects of motion perception: (1)
the direction threshold; (2) the speed discrimination
threshold; and (3) the perceived speed of drifting
gratings. We discuss these results in the following and
describe how changes in the contrast transducer function
can lead to these effects.
Eflect of contrast and adaptation on direction and
speed di~~cr~~~natio~

Thresholds for direction and speed discrimination are
for the most part independent of contrast before
adaptation. Only for the lowest contrasts, those near
detection threshold level, do direction and speed dis~rimination thresholds begin to increase. This contrast
independence of discrimination performance for contrasts more than a few times higher than detection
threshold has been described earlier for both stationary
and moving patterns (Bowne, 1990; Gouled Smith &
Thomas, 1989). Both of these earlier studies noted that
spatial- and/or temporal-frequency
discrimination behave di~erently than contrast discrimination as the
contrast of the grating stimuli to be discriminated increases. For contrasts ranging from 0.01 to 0.32, we
found that the LTM (Wright & Gurney, 1992) is independent of contrast before adaptation (Fig. 3). In a
similar manner, the speed discrimination threshold for
briefly presented sine-wave gratings is also, to a considerable extent, independent of the contrast level prior
to adaptation (Fig. 5). These findings suggest that the
underiying neural mechanisms saturate in their response
already at low contrast. Following adaptation to a
drifting grating of 0.4 contrast, LTM is signifi~ntly
elevated. This elevation is most pronounced for low
contrast gratings (Fig. 3). Above test contrasts of 0.1,
adaptation has only a modest effect on the LTM.
We computed hyperbolic ratios for the inverse LTM
and found, in the three subjects tested, that they provide
a good description of the dependency of thresholds on
contrast, especially for LTMs measured after adaptation. Adaptation shifts the LTM vs log contrast function to the right towards higher contrast levels. In
agreement with the findings of Greenlee and Thomas
(1992), who explored the effects of pattern adaptation on
the relationship between spatial frequency discrimination threshold and contrast, we find that adaptation
primarily acts to rescale effective contrast for performance on the direction discrimination task.
Since we measured the velocity which elicited a reliable impression of both rightward and leftward motion
before and after rightward adaptation. we could compute the effect of rightward adaptation on the PSS.
Under the present conditions and for the three observers
tested, prior to adaptation PSS is independent of contrast and slightly positive (Fig. 4). The more positive
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value for observer RM might be due to residual adaptation, since circumstances
required RM to complete his
measurements
in an overall shorter amount of time. For
all three subjects, following rightward adaptation,
PSS is
shifted towards larger values of rightward drift and this
adaptation
effect is most pronounced
for low test contrasts. This shift in the perceptual null point is another
way of looking at the motion
afteremect: physically
stationary
gratings appear to drift leftwards after rightward adaptation
and a specific value of rightward velocity will appear to the adapted observer as stationary.
In agreement
with these findings, it has been demonstrated earlier that the initial perceived speed of the
motion aftereffect is greater at low test contrasts (Keck,
Palella & Pantle. 1976).
Adaptation
to a rightward drifting grating increases
the Weber fraction for speed discrimination
and this
increase is most pronounced
for low reference contrast
levels (Fig. 5). The effect of adaptation
on speed discrimination
thresholds is also dependent on the speed of
the adapting
grating.
Discrimination
thresholds
were
most greatly elevated for adaptation
drift rates between
8 and 16H.z (Fig. 6).
Ejkct qj contrast and adaptation on perceiced speed
In Expt III. we explored the effects of contrast level
and adaptation
on the perceived
speed of drifting
gratings. The results indicate that the perceived speed of
a parafoveally
viewed grating depends on its contrast
level. Our findings are in close agreement with those of
Thompson
(1982) and Stone and Thompson
(1992). We
have demonstrated
that the hyperbolic
ratio, as expressed in equation (5), provides an adequate description
of the dependency
of perceived
speed on contrast.
Although we do not want to assert that this is the only
nonlinear function that would fit our data, it has proven
useful in describing the effects of adaptation
on contrastdependent
visual performance.
Following
adaptation,
the function
describing
the relationship
between the
perceived speed of a grating and contrast is altered, and,
as is evident in Fig. 7 and the results in Table I, this
alteration is characterized
by a reduction in the maximal
perceived velocity (I”,,,,, + V’,,,), as well as an increase
in the semisaturation
contrast (C,,,). Adaptation
has no
effect on the exponent (n) for observer RM and only a
marginal effect for observer MWG. The relative adaptation effect R,,. was found to depend on the adapting
temporal frequency (Fig. 8). Interestingly,
the maximal
adaptation
effect was not found at the reference temporal frequency of 2 Hz, but rather between 8 and I6 Hz.
The results of earlier studies (Thompson,
1983; Watson
& Robson, 1981) suggest that velocity for each direction
is coded by two channels. The results of visual evoked
potential recordings (VEP) before and after adaptation
on drifting gratings support this idea (Miiller, GBpfert &
Hartwig.
1985). In masking experiments,
the detection
threshold
for a low temporal frequency
test stimulus,
which had a spatial frequency similar to that used in the
present study, was maximally elevated by 7-8 Hz temporal modulation
(Anderson
& Burr. 1985). More re-
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cently, Hess and Snowden ( 1992) and Snowden and Hess
(I 992) obtained maximal threshold elevations between X
and IO Hz with a variant of the previously
used noise
masking paradigm. These findings and the present ones
suggest that the neural mechanisms
providing
the relevant information
for the perceptual
decisions at low
drift rates have their maximal sensitivity around 8 Hz.
The present findings also indicate that the effect 01
adaptation
on the perceived speed of drifting gratings is
dependent on the contrast level (Fig. 8). The adaptation
effect increases as contrast decreases from high. over
medium, to low levels. This result is in line with the
findings presented
in Fig. 4, where we showed that.
following adaptation
to a rightward drifting grating, the
PSS takes on larger values of rightward speed as stimulus contrast decreases. After adaptation,
PSS approaches
the reference speed of 2 Hz. especially for low stimulus
contrast levels and as a consequence,
the perceived speed
is greatly reduced. This. in turn. leads to a larger R,
value. It is interesting
to note that the shape of the
functions describing the relationship
between R, and the
adaptation
temporal frequency is more or less invariant
with reference contrast level (Fig. X).
The findings further indicate that the effect of adaptation on the perceived velocity of drifting gratings
depends on the relative direction of the reference and
adaptation
gratings, as well as on the contrast of the
adapting grating (Fig. 9). This fact was already evident
since the early studies (Breitmeyer.
1973; Sekuler &
Ganz,
1963). Iso-directional
adaptation
has a more
pronounced
effect on the perceived speed of drifting
gratings than does contra-directional
adaptation.
The
reduction
in the perceived
speed following
contradirectional
adaptation
was. at first glance, unexpected.
Following adaptation
to a rightward drifting grating, the
PSS is shifted in this direction and this can be as much
as 2 HI (Fig. 4). It might be assumed that a leftward
drifting grating with a drift frequency
of. say I Hz,
should be perceived as faster following rightward adaptation, since the distance to the PSS is increased. This.
however, is not the case. Contra-directional
adaptation
generally leads to an overall reduction in the perceived
velocity of subsequently
viewed gratings (R,. > 1.0, see
Fig. 9).
As is evident in Fig. 9, the effect of adaptation
to a
drifting grating has more than a single component:
the
resultant change in perceived velocity has (I) a contrast
component;
(2) a speed component;
and (3) a direction
component.
(I ) Iso- and contra-directional
adaptation
always
leads to a reduction
in the perceived contrast of the
reference grating. As we have seen in Fig. 7. a reduction
in reference contrast leads to a corresponding
reduction
in the perceived velocity. The results in Fig. 9 further
indicate that an increase in the adaptation
contrast
evokes
a greater
reduction
in perceived
speed.
Georgeson
(1985) has shown that an increase in the
adaptation
contrast
leads to a greater reduction
in
perceived contrast. Therefore, we can conclude that the
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contrast
component
of adaptation
should lead to a
reduction in perceived speed.
(2) The perceived speed of a 2 Hz rightward drifting
grating is most greatly reduced by 816 Hz adaptation
(Fig. 9). The range of drift rates over which adaptation
is most effective is, to a considerable
extent, independent
of the relative direction
of adaptation.
Here we can
conclude
that the speed component
of motion adaptation acts to reduce the perceived speed of subsequently
viewed drifting gratings.
(3) The direction-selective
component
to motion adaptation (corresponding
to an A > 0) is evident in the
findings of Figs 10 and 11. Tso-directional
adaptation
leads to a greater reduction
in perceived velocity than
does contra-directional
adaptation.
If the direction component of motion adaptation
could be isolated from the
contrast
and speed components,
then it follows that
iso-directional
adaptation
should lead to a reduction in
perceived
speed (R,. > I), whereas contra-directional
adaptation
should induce an elevation
in perceived
speed. For the stimulus conditions
of low adaptation
contrast (0.04) and low adaptation
temporal frequency
(2 Hz). there is a suggestion
in the data that contradirectional adaptation
can lead to a slight increase in the
perceived velocity of subsequently
viewed test gratings
(solid circles.
Fig. 9). This aspect remains
to be
confirmed by further investigation.
Electrophysiological
recordings
of human scalp potentials
evoked by the onset of a moving
stimulus
(motion-onset
VEP) indicate that the amplitude
of a
negative component
with a latency around
200msec
(N200) is reduced following iso-directional
adaptation
(Miiller, Gopfert & Hartwig, 1986). The reduction in the
amplitude
of this component
was more pronounced
as
adaptation
frequency increased from 0.25 to 10 Hz. In
these experiments.
the reference and adapting contrast
levels were always the same. Variations
in contrast
between 0.05 and 0.8 had little influence on the effect of
adaptation
with respect to the amplitude
of the N200
component.
The present results indicate that the adaptation index R, [equation (6)] increases with increasing
adaptation
contrast (Fig. 9). but decreases with increasing reference contrast (Fig. 8). A simultaneous
increase
in both adaptation
and reference contrast would thus act
to cancel their respective effects, which would leave R,.,
more or less unaltered.
thus corresponding
to the VEP
findings reported in the Miller et d. (1986) study. The
amplitude
of the N200 component
was also found to
depend
on the reference
contrast
level (Miiller
&
Giipfert,
1988). The VEP-amplitude
increased proportionally
to the logarithm
of contrast,
but reached a
saturation
level already at 0.05 contrast.
Contrary
to
these VEP findings, the psychophysical
results shown in
Fig. 7 and those of Stone and Thompson
(I 992) indicate
that the perceived speed of drifting gratings continues to
increase for high contrasts.
It is of interest in this context to note that 50% of the
cells in the macaque
extrastriate
area MT. a region
known to be involved with motion processing,
have a
semisaturation
constant
less than 0.07 and a median
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exponent of 3.0. These values are compared to 0.33 and
2.4, respectively,
for the same parameters
of the contrast-response
functions of cells in striate visual cortex
(Sclar, Maunsell
& Lennie,
1990). Such differences
would imply that cells in extrastriate
visual areas in the
primate occipito-temporal
cortex should saturate,
on
average, at lower contrast levels than those in striate
cortex. The low semisaturation
constants
of MT cells
might prevent contrast-dependent
variations
in activity
in these direction-selective
motion detectors. Adaptation
to a drifting grating might shift the contrasttresponse
function of these cells, thereby increasing the range over
which their response depends on contrast.
In comparison. the results of the perceived speed estimates yield
semisaturation
constants
before adaptation
that vary
from 0.014 (observer RM) to 0.085 (observer MWG)
and increase by a factor ranging from 7.6 (RM) to 4.6
(MWG) after adaptation.
Also of interest here are studies that have compared
the directional
selectivity of single cells in the areas VI.
V2 and MT. The argumentation,
made above with
respect to the three components
of motion adaptation,
suggests that the contrastand speed-dependent
components
of adaptation
should be related to the bidirectional
cell responses,
whereas
the
direction
component
of motion adaptation
should be related to
the uni-directional
cell responses. In the physiological
literature,
the direction index (DI) is defined as:

J
L I\ pKlurrLYl

(8)

where R is the neural response. DI is thus comparable
to our asymmetry
index [equation (7)].
A DI z 1 would mean that a cell responds only in the
preferred direction,
whereas DI z 0 implies that a cell
responds with the same magnitude in both preferred and
anti-preferred
direction. Single-unit recordings in a large
number of cells in area MT of the macaque indicate that
these cells are directionally
selective (Albright,
1984;
Britten, Shadlen, Newsome & Movshon.
1992; Maunsell
& van Essen, 1983; Mikami, Newsome & Wurtz, 1986).
These authors calculated
the DI to describe the directional selectivity of the examined cell population
and
found an average index of 1.O, which indicates a strong
uni-directional
response to stimulus motion. These results suggest that exposure to stimulus motion in the
“anti-preferred”
direction should evoke no overall response and therefore cause no adaptation.
in MT cells
with a maximal sensitivity in the “preferred”
direction.
Albright (1984) compared
the directional
selectivity of
cells in area VI and MT in the macaque and found a
mean DI of only 0.55 in area VI. compared to I .O for
MT neurons. Foster. Gaska, Nagler and Pollen (1985)
found that the DI for cells in area V2 falls in between
these two values. For the present investigation.
this
result suggests that the contrastand speed-dependent
components
of motion adaptation
could be accounted
for by the response properties
of VI and V2 cells,
whereas the direction component
of motion adaptation
is more likely related to the response characteristics
of
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FIGURE 12. Schematic illustrations of the effects of adaptation on the underlying contrast transducer functions and the
consequences of the shift in the transducer function on relationship between log contrast and R the neural response (a) and
I/R (b).

area MT cells. Note, however, that the large differences
between observers exclude the possibility of making any
firm conclusions in this respect.
In Expts I and II, we have shown that adaptation to
moving stimuli can have a modifying effect on direction
and speed discrimination for low contrasts. The results
of Expt III indicate that prior adaptation has an overall
atten~ting
effect on the perceived speed of moving
stimuli. Our findings seem to suggest that velocity is
encoded by an intensity dependent mechanism, high
response intensity designating high speed and low response intensities indicating low speed . Following adap-

tation to a drifting grating the response amplitude for a
given contrast level is reduced. Although this response
reduction can, in special cases, improve the ability to
detect the direction of brielly presented moving highcontrast gratings (Derrington & Goddard, 1989), it leads
to an overall nonveridical perception of absolute speed.
Although we do not attempt in this in~stigation to
provide a quanti~tive model of the effects of adaptation
on the different aspects of motion perception studied
here, Fig. 12 serves to illustrate in a qualitative manner
our current ideas. Figure 12(a) schematically portrays
putative neural responses to periodic stimuli as a func-

DISCRIMINATION

tion of the log contrast level. These are hyperbolic
described in its general form as:

OF DRIFTING

ratios

The “unadapted”
and “adapted”
functions differ by a
factor of 3 in their semisaturation
constants, the adapted
curve taking on a larger value. The effect this shift in the
transducer function has on the ratio R (a) and the inverse
of R (b) are shown in Fig. 12. At first approximation
such a shift in the underlying
transducer
functions
mimics the effect adaptation
has on motion perception.
Again, we would like to emphasize that there is only a
qualitative
similarity
between the shifting transducer
function and our results. The physioIogica1 mechanism
underlying
this gain control still needs to be described,
but recent models of adaptation
have emphasized
the
role of response
pooling over mechanisms
tuned to
different orientations
(Heeger. 1992; Wilson & Humanski, 1993).
In summary we have explored the effects of contrast
and adaptation
to drifting gratings on three aspects of
motion perception: direction thresholds, speed discrimination and perceived speed. Adaptation
to a drifting
grating increases the LTM and shifts the PSS towards
higher velocities of motion in the adapted direction.
Adaptation
to a drifting
grating increases the speed
discrimination
threshold
for test contrasts
below 0.1,
having a maximal effect for adaptation
drift rates between 8 and 16 Hz. The hyperbolic
ratio provides an
adequate description of the dependency of the LTM and
the Weber fractions for speed discrimination
on contrast. We have shown that adaptation
shifts the contrast-response
functions towards higher contrast levels.
Such a shift implies a multiplicative
gain control which
reduces the input signal by a constant factor and as a
consequence
reduces the maximal
perceived velocity.
This shift in the operating
range not only accounts for
the illusory reduction in perceived velocity, it can also
account for the elevation in direction and velocity discrimination
thresholds
at low contrasts
we have described.
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