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Fig. 1. Chromaticity digram depicting the eight test direc-

tions (shown as dotted lines) and four habituation axes

(shown as solid lines) for observer J.K., whose white point

is at the intersection of these axes. The provisional cardinal

chromatic axes are labeled P, (yellowish-bluish) and P,
(reddish-greenish)

appeared white 10 him. He did this by adjusting (he
red and blue primaries while the green primary was
kept fixed at half of its maximum output. No refer-
ence was used. The illuminances of each primary in
trolands required to produce a neutral while were
stored in a separate file for each observer and used to
sel the mean luminance and chromaticity in each ex-
perimental session.

To simplify specification of the experimental con-
ditions we tentatively defined two chromatic and one
luminance direction in color space. The chromatic
axes are depicted on the CIE chromaticity diagram in
Fig. 1. A provisional reddish-greenish axis was
defined by equation 1 where Lg, L; and L, are the
luminances of the 632.8, 514.5 and 441.6nm pri-
maries, respectively and Wy, W, and Wj are con-
stants representing the luminances of these primaries
for the white match.,

Li+ Lo = Wq + W, (1A)
LB = M/n. (lB)

Increasing the output of the red primary while de-
creasing the output of the green primary by the same
amount in (rolands constitules a change in the
reddish direction. Reversing the sign of the changes in
the primaries produces a change in the greenish direc-
tion. A provisional yellowish-bluish axis was defined

*We have chosen to use the terms yellowish, bluish,
reddish and greenish to describe these provisional direc-
tions to distinguish them from directions that corre-
spond to unique yellow, blue, red and green. In fact, as
shown below, the reddish-greenish provisional axis is
almost 1identical to the unique red-green direction but
the yellowish-bluish provisional axis does not coincide
with the unique yellow-blue direction but the tritanopic
axis through the white point.

by equation 2.

05(Lg + L) + Ly = We + We + Wy (2A)

Ly — Wy =Ly — We. (2B)

Increasing the output of the blue primary while de-
creasing both the green and red primaries each by
hall as many trolands constitutes a change in the
bluish direction. Reversing the sign of the changes
produces a change in the yellowish direction*. Simul-
taneous increase in all three primaries in proportion
to their mean luminance constilutes an increment
along the luminance axis, and a proportional decrease
in all three primaries constitutes a luminance decre-
ment.

The thresholds reported in this paper are analogous
to modulation thresholds. For example. thresholds in
the reddish direction were measured in terms of
ALy /Wy and those in the greenish direction in terms
of AL;/Wy. It should be noted that the latter is not
equal to ALg/ W for while according lo equation 2
ALy is equal 1o ALg. Wy is not equal 1o Wg. The
modulation measure used in the other provisional
primary direction is ALy 'Wy. The interpretation of
absolute modulation thresholds 1s theory dependent.
The conclusions drawn i this paper are based on
changes in medulation thresholds.

Time—course of habituation

Figure 2 illustrates the experimental procedure
employed in a preliminary experiment. The observer
viewed a steady white field for 30scc, after which
thresholds for detecting changes from white in (he
reddish-greenish direction in color space were
measured with a yes—no staircase procedure.
Thresholds for these same directions were remeasured
after viewing the habituation field. The test stimulus
Hlustrated in Fig. 2 is a pulse with a gaussian lem-
poral waveform in the reddish direction from the neu-
tral white. This waveform was chosen 10 minimize the
high temporal frequency content of the test pulse,
favoring detection of chromatic variation relative to
achromatic vanation (Kelly and van Norren, 1977).

Figure 3 presents the results of such an experiment
Lo illustrate the size and the time-caurse of the de-
sensitizalion effect of viewing of a sinusoidally varying
habituation field. The habituation stimulus varied in
the equiluminous reddish-greenish direction for 30 sec
at a frequency of 1 Hz and an amplitude that was the
largest that could be generated within the rules
defined above. Note that the habituation stimulus is
produced by sinusoidally modulating each of the laser
primaries while keeping their time-averaged lumin-
ance the same as that of the neutral white. Gaussian
pulses (SD = 250 msec, total duration = 1.5 sec) were
presented at 3.0 sec intervals for 60 sec following the
offset of the habituation stimulus. Two separale series
of test pulses were alternately presented, onc after
each presenlation of the habituation stimulus. In one
series the first lest pulse began immediately al the end
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Fig. 2. Gaussian test pulses whose amplitude is varied to measure threshold before and after exposurc to
sinusoidal variation in color space whose mean level is a neutral white. A reddish lest pulse and a
reddish-greenish habituation stimulus are depicted.

of the last cycle of the habituation stimulus, while in
the other it occurred after a delay ol 1.5 sec. The two
series combined provided a threshold measurement
every |.5sec. The observer reported whether each
pulse was visible by pressing one or (wo buttons. If
the observer reported seeing a pulse, its amplitude for
that time slot on the next presentation was reduced
by 0.1 log units (except on the first trial on which the
change was 0.21og units). The amplitude was in-
creased by the same amount if the observer reported
not seeing a pulse. No change was made and the tnal
did not affect the computed threshold on the rare
occasions when the observer failed to respond before
the next pulse was presented. At the end of the test
period the habituation stimulus was presented again
initiating a new cycle. Ten to twenty cycles were run
within an experimental session, the data [rom which
were slored and used as initial values for a later
session. The mean of the log amplitudes of the pulses
presented in each time slot, excluding the first three
trials that were used to locate the thresholds approxi-
mately, were taken as estimates of the thresholds for
that interval. The retinal illuminance of the field was
fixcd at 50td throughout the experiment.
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Fig. 3. Time—course of the desensitizing eflect of viewing a

field varying sinusoidally at | Hz in the reddish-greenish

direction on a gaussian pulse in the reddish direction hav-

ing a standard deviation 250 msec and a total duration of

1500 msec. Habituation period-—15 sec. Mean illuminance
50 1d. Observer—D.R.W.

In Fig. 3, thresholds are initially about 0.5 log units
higher than their asymplotic values. An exponential
recovery curve with a lime constant of 8 sec fits the
data well, Further experiments showed that roughly
15 sec viewing of the habituation field was sufficient
lo produce maximal changes in threshold. Experi-
ments in which both (he habituating stimulus and test
pulses were either changes in luminance or changes in
our provisional ycllowish-bluish direction produced
similar recovery curves. Similar data were obtained
with a second observer.

Effect of modulation depth of habituation stimulus

These results suggested the use of the following
“lop-up” procedurc that was used in the remaming
experiments. After an initial 30 sec exposure to the
observer’s white field, thresholds in several directions
in color space were measured using randomly inter-
leaved staircases. The habituation field was then
viewed [or 30 sec. A second sel of threshold measure-
ments were made using the interleaved slaircase pro-
cedure but with a 5 sec reexposure of the habituation
field preceding each test presentation. An interval,
typically 0.5 sec, elapsed between the end of the ha-
bituation stimulus and the beginning of test pulse
during which the field was white. At the end of the
lest pulse, the field remained white until the observer
responded, at which time the habituation stimulus
resumed.

For reddish and greenish test pulses and reddish-
greenish habitvation stimuli, Fig. 4 plots the ratio of
the thresholds following exposure to the habituating
stimuli relative to control thresholds obtained with-
out habituation, as a function of the amplitude of
modulation of the habituating stimulus.

Selectivity of habituation for chromatic stimuli

Are the threshold-clevating effects of viewing a light
varying sinusoidally along one axis in color space
confined to tesl stimuli in the same direction as the
habituating stimulus or do they generalize to other
test directions as well? Thresholds were measured in
four directions (D.R.W.) or eight directions (J.LK.) in
cach experimental session before and after viewing a
field varying along one of our two provisional chro-
matic axes. Thresholds were measured in 16 direc-
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Fig. 4. Effcct of amplitude of reddish-greenish sinusoidal
habituation on the ratio of the habituated to the control
thresholds for delecting reddish (R) and greenish (G)
pulses, using the top-up procedure described in the (exL
Observer: J.K. Mean illuminance: 50 1d.

tions altogether for D.RW. and in eight for J.K.
Figure 1 plots the white point for J.K. on the CIE
chromaticity diagram, showing the ecight test direc-
tions from white used. The solid lines labeled P, and
P, represent the habituation axes used for this ob-
server. The stimuli used for the second observer
(D.R.W.) were similar though the mixture of primaries
he chose as a neutral white was somewhal different
than that chosen by J.K. Therefore, there is a slight
difference between the loci of P, and P, and the white
points for the two observers.

The directions chosen for test and habituation
stimuli were equally spaced around the color circle in
the following sense. Thresholds measured in cach of
the provisional primary directions were used to define
unit vectors in these directions. Intermediate vectors
were defined m terms of these vectors. For example,
we denote the “reddish” direction as 0 and the “yel-
lowish™ direction as 90°. A unit vector in the “yellow-
ish-red™ direction at 224" is defined in terms of the
instrument provisional axes as the sum of sin(223*
times the variation of the laser primaries at threshold
in the yellowish direction and cos(223°) times their
threshold variation in the reddish direction.

The thresholds before habituation were about 1/100
of the full variation possible in the reddish and green-
ish directions but only /15 of the full variation in
the yellowish and bluish directions. We wished to use
habituation stimuli that were roughly equal multiples
of thresholds in all cases. Therefore, the amplitudes of
all the habituation stimuli were set at roughly 15
times threshold.

The upper parts of Figs 5 and 6 plot in polar lorm
(for J.JK. and D.R.W., respectively) the changes in
thresholds caused by habituation. The major axes of
the plots are the provisional axes. The bold lines with
arrow heads show the direction of variation of the

JK.

#

Fig. 5. (Upper) changes in thresholds resulting from view-
ing ficlds varying along the provisional cardinal axes. See
text for details. Observer—]J K. (Lower) Changes 1n
thresholds resulting from viewing fields varying along di-
rections halfway between Lhe provisional cardinal axes.

habituation stimuli. The center of each graph is the
locus of no change in threshold. Solid symbols plot
the clevation of log threshold for specific test pulse
directions following habituation, unfilled symbols rep-
resent cascs in which log threshold was lower follow-
ing habituation. Tick marks represent increments of
0.1 log units.

The results for both observers show strong selective
changes in threshold. For J.K. thresholds are raised
by between 0.25 and 0.55 log units in the direction of
habituation and virtually unchanged in the ortho-
gonal directions. The thresholds for DR.W. are

DRW. I )

Fig. 6. Effects of chromatic habituating stimuli on detect-
ability of chromatic test pulses for observer D.R.W.
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