
19

・
(レ661)uЭpMOus pu?し661)IЭЧ年℃H`(乙861)κЭII・Og■

00S ・SЭIЭЭdS O｀℃IqЭ710_t XIoA3 XII℃Эlll llII S,IIIII I℃InЭlll oA1lЭЭIЭ
S―■呻

eours el€rl slsrSolorsfqdorlcala pue 'slcasur uo s€,u. >poru. leur8rro s-
'(qt'f ern8rg) uorlou p,re.ulq8rr ruo4 pat)erlqns sr uorloru

1€ql os '4oeq o1 4eeq dn paJr,r\ aJ€ slrun uor?oru o.tt1 'acrloerd u1

?uaraglp Jo are leq? slndur alrssal)ns o.4a.1 alpueq UEJ 1r ?€ql q
-llpur ;o a8eluerrp€ eqJ 'uorlelerror a,Ltlectldtlplrr Jo p"alsm
alrlrerlqns sasn (9961) {)l^aT pu€ 1!\olr€g dq pasodo"rd auraqcs

uV 'rolelarro, erT? Jo 1no leu8rs urnurrx€ru E eq IIr.4.r. ereql depp
eql o1 lenba sr s"roldeear o,4A.1 aql uaa,4alaq a.{oru ol lods eq1 ro;
er{} JI 'uorleerldrlpru dq es€f, slrl} ur 'raq1o ari} Jo 1nd1no padelap

pe+€laJJoo sr roldarar auo uorJ 1nd1no pafelapun aqa 'padelap

-er euo ;o 1nd1no aq+ qll^\ perellg are slndlno roldaca"r ar{J '(BI-}
rolereduroc e olur pooJ splag errrldace.r 8urdde1.ra.to ro luacelpe
-daca"r o,rtl '(T96I 'lpreqcrag) rolcalep uolloru lprel{f,Ieg € Jo u<x

flloexa sl slql pue 'aceds ur pue arurl ur slurod o,^4.1 +s€el ?€ uol!
ЭI℃dlllloo 01 X12ssoЭou SI 年I 

・pЭIoAOЭun pII?poloA00 8111Эq gBl■

rplqa ruor; uor}f,arlp aq} ssesse }ou plnoJ }l }nq eurr} relo sa8uep
olqe eq ppolv\ .roldaca.r aql (fq passed palqo ue sV '+uaruoloru.xB

?ou plno) 'ppo.Lt eq+ ul lurod auo dpo 1e plag e,LtldaJal Jo 6(

s1r q8no.rql 3ur1oo1 'roldacer a18urs V Zluaura^our Suraas o1

sa8ueqc le"roduralorleds leurler ruoq peef,ord au. op ,&oq os 'aurrl
"ra.to a8ueqf, ]Er{l rnolol pue lq8q 3o seqcled dluo a:e slaalqo
κq?II17ЭI ЭЧl 01 TIO pЭlЭЭfold S38℃IIIjII ЭЧ↑↑ng ・3111AOⅡI ЭI℃κII℃OI

-eq ureql aas a,&\ {uq} lq8lru aug islralqo Suuour ees o} elqe a-r

IIO1lЭnpoЛIIII I・フ

o6at,q uog 7n or,u.tolt1op lo fi,y2s-taatu1

'fl,6o1oqcfi.sg {o Tdag

srlsuv ?ren+s

s+cal+aJo+Its uorlour uo sluorurJod*g

3o flercog rau
g Sur"raeur8ug

1201pЭフ¶ ЭI11

suorsueurp adeqs p
rd.orl pu€ uaq.,u 'padr

Jo uol?ou eqt ellq,r '

sfs uorsr,r. 1euorle
aq o1 s"readde

ns aql '"reqpng 'pe フ

9ηg faβttη
σ ρ21



次
Ｕ Stuart Anst'is

Fig. 4.1. a, Half a Reichardt motion detector. This responds only to a stimulus
moving to the right. b, A Reichardt motion detector. This responds to motion to
the left or to the right. c, A Reichardt detector must include a temporal filter that
responds to change in luminance over time (see Experiment 1).

Adaptation to motion (say, downwards) alters the appearance of a subse-

quently viewed test motion in three different ways.

(i) Contrast threshold elevation. Downwards test motion is more difficult

to see and must be increased in contrast to become visible. After
prolonged inspection of a moving grating, sekuler and Ganz (1963)

found that the contrast threshold for a test grating moving in the

same direction as the adapting grating was raised much more than

for a grating moving in the opposite direction. This directionaily

selective adaptation was strong evidence that the moving target was

detected by a motion-specific channel.

(ii) Motion aftereffect (MAE). This classic phenomenon was first reported

by Aristotle (see Verstraten's review, 1996). First one adapts to a
moving stimulus, say a waterfall. After 30 s of adaptation one trans-

fers one,s gaze to a stationary textured test field, which now appeals

to move upwards. This is attributed to adaptation of the downward

branch of an up-down opponent Reichardt unit (sutherland, 1961). A

stationary field normally excites the upward and downward branches

equally, so an opponent mechanism would signal no motion. However,

exposure to downward motion adapts the downward branch, meaning

that post-adaptation observation of stationary test field leads to an

imbalance in which the up branch predominates. consequently one

sees the static test field apparently moving upwards. Barlow and Hill
(1963) showed that a motion-sensitive neuron in the rabbit retina
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I shall describe six

a little more about

Stuart Anst'is

4.2 My experiments

of my experiments on adaptation to motion which teil i.
the rnotion-sensitive pathwaYs.

/r.2.1 Moti'on aftereffects from rarlp aftereffects

If one gazes steadily at a spatially uniform grav patch rvhich grows graduaL-

brighter [or dimmer] , u,ith its luminance modulated by a ramp ol sawtoo:.

waveform, then a subsequently vierved steady gray patch appears to be groi','-

ing gradually dimmer [or brighter] (Anstis, 1967; Arnold & Anstis, 1993

This "ramp aftereffect" reveals the presence of adaptable visual path1r'a'''-

that respond selectivell' to gradual changes of luminance' This ramp a--

tereflect can be made to yield a motion aftereffect from motionless stimr.''

(Anstis, 1990), and this will show us that Reichardt motlon detectols a:.
also able to respond to gradual luminance change. First, notice tliat slc';'

apparent motion can be produced from a stationary arrangement of tr''

Bralr sqr.r.s witli a black line running dor,r'n the border where they tou.cr-

If the left square gradually brightens while the right square gradually dinr.

the black line appears to move slor,vly to the riglrt. why? If the 1un---

nance profi1e is blurred, there is a gradual rightward shift in its peak. :
any 1ow-frequency visual pathways with large receptive fie1ds will extrat

this luminance change ovel space and time, suggesting that motion can 1'=

sensed by very low-spatial-frequency pathin'ays. The next step is to replat.

the physical luminance changes in the two squares with illusory changt:

producecl by ramp aftereffects. The subject adapted to a dimmin$ sQunr:

on the left and a brightening squale on the right. The two squares abutte-

but there was no black line along their join, so no appalent rnovement s'r-.

seen. The squares wele then set to steady gray and in the aftereffect tl-=

Ieft square seemed to be dimming and the right square seemed to be brigl.-
ening - but no rnotion $''as seen. Part rnay through the aftereffect, a blac''

[or white] Iine was added along the join, and immediately it seemed to ntoi'=

to the right for left] in an aftereffect of motion. So although there was r -

motion at any time in the adapting stimulus, a motion aftereffect was see'

\\,re do not even need the black line. Our next display was a mass of irre=-

ular blobs, half of them brightening and the remaining half dimming. A,
blobs abutted so there wele no gaps between them. After 30 s of adaptatit -

to this luminance change, the display r'vas switched to steady b1obs. If fira--

tion was strictly maintained, Iamp aftereffects were seen, with the previous--

brightening [dimming] blobs now apparently dimming lbrightening]. But --

fixation rvas shifted by a few min atc, the regions of aftereffect wele nL,'
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66 Stuart Anst,is

① ― ②

a

Fig. 4.2. a, A dot that alternates between two positions is first seen in apparent
motion, but after a while the motion effect adapts out and the spots appear to
flicker in place. b, Probability of seeing motion declines over time (a"stis' ,t oi.,
1985). c, Adaptation does not occur if Ihe adapting and test dots hive.o.rgrrr",rt
positions but different perceived motion paths.

dot sti[ flashed in alternation in the two usual positions, but two dots were
added to the adapting display that caused two vertical motions to be seen
with no perceived horizontai motion (Figure 4.2b), then again there was
little adaptation.

4.2.3 Adaptati.on to random dynamic no,ise
Dynamic visual noise (DVN) is a snowstorm of randomly twinkling dots
such as one can see on a detuned rv receiver. These dots jump around
incoherently in apparent motion in random directions. Richard Gregory and
I have found (in unpublished results) that adaptation to dynamic visual noise
reduces motion sensitivity in all directions, like an omnid.irectional motion
aftereffect (Figure 4.3). specifically, inspection of a twinkling field virtually
halved the subjective speed of a subsequentry viewed moving field. we
measured this subjective slowdown by a matching method. Two adapting
fields of dense random dots were presented side by side, a static field on the
left and dots twinkling in random dynamic noise on the right. we used. a
'topping-up' method in which the observers first adapted to this for B0 s,
then alternately viewed this same adapting field for 4 s, alternating with 1
s views of a test fie]d. The test field consisted of a random-dot field drifting
d,ownwards a\ 2.5o /s on t\re \ett, and, a variahr\e-speed. drit\ing fi.e\d., und.er
the subject's contro), on the right.

We found that following adaptation to the static dots the test velocitv
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tion to the same alternating-motion field did produce a marked apparent

slowing in a field of dense random dots that drifted up [or down]' (FiS-

ure 4.3c). We also observed' apparent slowing during prolonged inspection

of two superimposed sheets of random dots that drifted transparently over

each other, one moving up, the other down'

Thesymmetricaladaptatio,,f,o,,thedoublemotioncanproducethiskind
of asymmetrical aftereffect. suppose that adaptation depressed the upward

and downward gains to B0%. If the motion signals from a stationary test

field were normallY:

50U - 5OD -- 0 (zero : stationary)

then the double-motion adaptation would change this to:

40U - 40D :0,

yielding no change in a stationary test field' If an upward moving test

grating were normallY signaled as:

100U-10D:90

then following adaptation its signai would be:

BOU - 8D :72

so the drifting grating would appear to be slowed down' as we found'

Sothisperceivedreductioninfollowingadaptationtoup-and-downmo-
tionmaybeslowingdowntheperceivedverticaltestspeedbyreducingthe
strength of the lIlotion signal. The Left/Right comparison model extracts

motion from ceils whose r"rporrr" can be altered in many other ways as well'

Thus the Left cells could be firing because they saw something moving left

or that it was the right spatial frequency or that it was the right orientation

or high contrast etc. But the Right one would be affected by ali those things

too, so the comparison would bring out their only difference, direction' The

absolute firing rates must be irrelevant here: it is only the Left/Right ra-

tio that matters. Now adapting stimuli in which all directions get adapted

would not affect the ratio. so it could not affect the comparison, that is, the

motion information. If stimuli that affected all channels had an effect on

velocity perception, then everything that affected all channels would have

aneffect,andhighcontrastpatternswouldappealtomovefaster.Thishas
been demonstrated by Stone and Thompson (1992)' who found that human

speedperceptioniscontrastdependent.Theyreportedthatwhentwopar-
allel gratings moving at the same speed were presented simultaneously, the

lower-contrast grating appeared slower. on average, a70Yo contrast grating
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Fig. 4.5. As in trigure 4.4, except that the dots moved back and forth, reversing
every 5 s. Result: some normalization occurred, but no repulsion aftereffect.

subjectively repelled a vertical test motion that drifts towards 6 o'clock by
making it appear to drift toward 7 o'clock (Figure 4.4b). I used a field of
sparse white dots on a black background drifting at 3'/sec. The very same

adapting field also produced an aftereffect of apparent normalization of mo-

tion. During the inspection period the random dots appeared to slow down
markedly and in addition their trajectory seemed to shift gradually toward
the vertical (Figure 4.4a). This is analogous to Gibson's (1937a, 1937b)

discovery that a tilted line appears to regress toward the vertical during
prolonged inspection.

Results were less clear cut when the adapting pattern reversed in direc-
tion every 5 s (Figure 4.5). The directions of adapting motion were approx-
imately towards 11 o'clock and 5 o'clock, actually at 30' from the vertical.

Percept2

Normalization

a

70 Stuart Ansti,s
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Fig. 4.6. An expanding grating gives a motion aftereffect of apparent contract
Ho=wever, a phase-jittered expanding grating does fall in spatial frequency over ti
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but it has no steadily moving contours, and it gives no motion aftereffect. Hence

aftereffect depends upon moving contours, not upon changes in spatial frequen

4.3 Discussion

It is no accident that the visual system uses opponent pathways to

motion and colour. Opponency is widely used in electronic diflerential

plifiers, which receive two inputs and transmit only the difference bet

them. Respects in which the two inputs are the same are srrbtracted

and disappear. The higher the 'common mode rejection ratio' the

the amplifier.
All adaptation experiments are designed so that exposure to the ad

stimulus alters the appearance of the test stimulus. The test stimulus

become less visible, or may shift away from the adapting stimulus along

visual dimension (such as colour, motion, depth, etc.) A central

of all adaptation experiments is that such a change can only occur

adapting and test patterns stimulate the same visual pathways.

if adaptation to motion makes a stationary pattern appear to move in t
opposite direction, there must be some visual pathways that respond to
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