Visual Adaplation to Gradual Change of Intensity

Abstract. The eye can edapt 1o the rate of change of brightness. After exposure
of the eve 10 a fight that grows greZually brighier, a steady light appears 1o graw
gra:Lually divimer, and vice versa. A field comiaining shiling gives larger after-

effects than a spatially uniform field.

In the well-known proceses of light
and dark 2daptation, the eye adjusts
its sensitivity to the prevailing intensity
of Hloxination. In a new effect report-
ed here, the cye adapts, not to the in-
tensity, but to the rate of change of
Liumination.

The eye was first adapred by fixating
a light which grew gradually brighter.
Then the light was switched to a steady
injecsity, and an aftereffect was seen
that appeared to grow gradually dim-
mer. Couversely, after the eye was
adapted to a light that grew gradually
dirmmer, a light of steady intensity ap-
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peared to grow gradually brghter. The
effect was confined 10 the stimulated
areas of the retina. The aftereffect from
a 30-second adaptation lasted from 1
to 10 seconds.

In practice, it is convenient 10 vary
the intensity in an oscillating, sawtooth
wave, 50 that it brightens or dims re-
petitively. A single cycle can produce
a small aftereffect; many cycles pro-
duce a larper one. The brightening or
dinrsing aftereffect is opposite in di-
rection from the slow phase of the
sawtooth waveform, and does not it-
self include any perceived oscillation
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Fig. 1. Adspting light brighiens repetitively (solid line, c.ing sawiooth wave}; then,
wlen held at steady intensity {solid horizontal line), it apparently dims {d.shed fal'mg
line}. Or, it dims repelitively (solid line, fzling sawtooth wave)}; then, when it it
beld steady, it apparently brighicns (dashed rising line).
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in brightress (Fig. 1}. The effect oc-
curs with white light, and with any visi-
ble, monochromatic light. Almost any
light source can produce the effect. I
used Ferrant Ri130B glow modulator
neon lamps.

The frequency and intensity of the
stimulus, and the area stimulated, are
not critical. A cycling rate of I cycle/
sec and an intensity range of 100 to 1
(2 log units) were about optimum. A

:nhole source in a dark room caused
a minimum effect in some siibjects and
po ¢ffect in others. The s2me was true
for the entire visual field, secured when
half z table tennis ball was fitted over
each eve and the subject looked straight
into the beam of an intensity-moedulated
projector. With either the pinhole or
the entire visual field, the inicnsity mod-
ulation of the stimulus itself was in-
conspicuous 10 the subject.

Different parts of the retina can be
differently adapied at the same time.
A disc was divided into two haives,
and each half was lit uniformly and
independently by a separate neon lamp.
When the two halves varied in intcasity
in the same direction {both brightsning.
or both dimming), but out of phzse
by any angle, then each half of the
retina had an aftereffect in the ap-
propriate direction (both dimming, or
both brightening). When the two haives
varied in phase, but in opposite direc-
tions (left half dimming, right half
brightzaing). then each half had an af-
tereffect in the appropriate direction
(teft half brightening, right half dim-
ming).

A checkerboard of 1-inch squares (12
by 12) of Polaroid was fixated through
a picce of Polaroid which (urned
steadily through 90°, then retwmed
sharply to 0%, so that the white squares
gradvally turned black, and vice versa.
The appropriate aftereffects were ob-
served in each square.

Contrast can irfleence the effect. A
square suhiending a visual angle of 4°
and held at a steady iniensity, was cen-
tered in a square adapting field sub-
tending a visuval engle of 45°. The in-
tensity of this field cont-udlly in-
creased, following an osctiiating, sae-
tooth waveform. Owing to the contrast
in brightness, the steady central square
appeared to be continudlly dimming, in
contrast to the surrounding square. Af-
ter 30 seconds the intensilies of both
the ceniral square and the adapting,
surronding area were held s:zady. The
surreunding area now appeared to grow
dimmer for 10 to 15 seconds, and the
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cemiral square appeared to brigh:za,
even though its objective intensity had
remzined constant throughout the ex-
periment.

Correspondingly, wheo the area sur-
rounding the square grew continually
dimimer during the stimelstion period,
the steady cenital square apparently
grew brighter. During the aftereffect the
surrounding area apparenily  grew
brighter, and the central square ap-
parently grew dimmer.

The aftereffect can be gready in-
creazcd by a spatial intensity gradient
{shading) across the field. The shading
can be either on the oscillating field

1o which the subject adapts, or on the
steady afterSeld against which he sees
the aftereifect. A square, uniform adapt-
ing field, sublending a visual angle of
29, was repeiitively increased in in-
tensity over an intensity range of 100
to 1. The aftereffect (mean of 8 sub-
jects) lasted 5.7 seconds With a shaded
adapting ficld, the mean aftereffect
lasted 6.5 seconds; with a shaded after-
field, 8.4 seconds, and with both adapt-
ing and afterfield shaded, 8.6 seconds
(Fig. 2). The shaded afterfield made a
greater comiribution than the shaded
adapting field to the afterefiect.

There was apparent movement from

Adapting After Duration of aftereffect
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Fig. 2 Spatiz'ly uniform adapting field and afierfield produce aftereffect of 5.7 secoinds,
Shaded adapting field incrtases aftereffect ta 6.5 scconds; shaded afierfield, to 8.4 sec-
omds; shaded adapting ficld plus shadzd afterfeld, 8.6 seconds.
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Direction of perceived movement:
spurious after effect

Physical intensity

Perceived brightness:
genuine after effect

. BrighiiTing adapting field, shaded to be &ariut on the Icft, apperenily moves
keft Steady afierfield, shaded to be darkest on the right, apparenily dims and

apparsaty moves to the left Dimming aftereffect is penuvine. But movemont afterefect
is an anifact. Genuine afiereffect would apparenily move to the right.
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the bright edge to the dark edzc in
a coptinually brighiening, spaiiafly
shaded adapting field During the after-
effect, appareat movement in the op-
posiie direction was seen. These move-
menis cormespond to the movement of
imaginary “contours of equal bright-
ness” across the field. However, the
brighiness aftercifect described here is
quite dastinet from the well-known
negative afterefiect of movemsemt (J).

A conlinually brightzging, spatially
uniform adapting field, coataining no
directional componcat, gave a dimming
aftercfiect on a uniform afterfield, The
dimmiag aftereffect occurred here in
the absence of any movemant,

A continually brighizning adaprting
field, spatially shaded to be darkest on
the left, apparenily moved to the left
during stimulation (Fig. 3). The gaze
was then transferred to a steady after-
field, shaded to be darkest on the right.
The reported afterefect was of dim-
ming plus apparent mavement to the
left. This was appiopriate to the stimu-
lus of changing intensity. The aftereffect
approprizie to the stimvlus of per-
ceived movemzsn: would have becn an
apparent movemean! (o the lefi. So the
aftereffect reported was one of bright-
ness, not of movemeant.

The effect is not due to pupilary re-
sponscs, sinee it was stll observable
through an artificial pupil 2 mm in dia-
meter. Also, dimmi-g and brightesis
effects could be seen simulianeously,
side by side, on a checkerboard, but
the pupil cannot expand and contract
simultanesusly.

The effect is probably retinal rather
than ceniral. If the left eye viewad a
dimming light, and the right eye viewed
a brighterning light, visually superim-
posed in a steicoscope, binocular rivalry
was reporied. Then, if both eyes were
closed, or both wcre open viewing a
steady light, no aftereflect was seen. But
if one eye was opencd, this eye had
its own aftereifect, though more feebly
than if the other eye had not been
stimulated. Also, when one eye was
adapted monocularty, little or no after-
effect was obszived with the other eye.

The effect appears to be a newly dis-
covered one. It is distinct from the
afterefiect of movemcont. It may repre-
sent seleciive adaptation of “om™ and
“off” recepiors, but its physiological
mechanism is not yet known.
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