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I n  an article which appeared recently in Science (3), 
Jozef Cohen has restated the major generalizations which 
summarize his data on color adaptation (3). Intensity, 
according to these generalizations, increases during color 
adaptation.1 The increase, while independent of the hue 
of the stimulus, is dependent on its saturation and in- 
tensity. The general conclusion concerning the change 
in intensity stands in direct contradiction to the findings 
of a number of earlier investigators, who usually con-
cluded that brightness (intensity) decreased rather than 
increased during the course of color adaptation (1, 6, 

7, 8). 
Cohen is well aware of this major discrepancy. He is 

also aware of the lack of complete agreement among pre- 
vious investigators concerning other aspects of color adap- 
tation, and he reports ( 3 )  an experiment designed to 
determine the source of the discrepancies. Most investi- 
gators have described their stimuli only in terms of color 
appearance. Cohen, therefore, tested the hypothesis that 
color adaptation of the eye is a function of the spectral 
composition of the stimulus and not of its tristimnlns 
values (or appearance). Although the stimuli used by 
different earlier investigators may be comparable as re- 
gards tristimulus values, unrecognized differences in the 
physical compositions of various stimuli might have led 
to different adaptive effects. Cohen's experimental re-
sults were, however, negative. Stimuli of different spec- 
tral distributions but of the same tristimulus values pro- 
duced no appreciable differences in color adaptation. 
Although this finding is not without its own intrinsic 
interest, the discrepant results concerning brightness 
changes during color adaptation still remain unexplained. 

An analysis of the experimental methods and pro-
cedures used by most investigators, including Cohen, sng- 
gests an alternative explanation in terms of differential 
adaptation effects. The specific aim in color adaptation 
studies of this sort is to determine the manner in which 
a visual sensory effect, produced by a test stimulus of 
fixed intensity (luminance) and spectral distribution, 

1 Cohen uses the word intmsi tu to specify both the gsycho- 
logical and physical dimensions. His conclusions, however, 
refer specifically to measured yhysical variations in a match- 
ing stimulus during color. adaptation. Given certain known 
psychophysical relations between stimulus intensity and sen- 
sation, such measurements are frequently interpreted as in- 
dicative of changes in the psychological dimension, and to 
describe them the word brightn~ss,rather than intensity, is 
more commonly used. For specitying the stimulus, lzcmrnance 
is preferable to zntensatu. Intensity is restricted to the 
specification of point sources, while luminance, measured in 
lamberts or foot lamberts, specifies the intensity per unit of 
projected area of source. (See Colorimetry Report, Refer- 
ence 4.) Since the older work with wllicll the present paper is 
concerned has been reported and discussed in terms of "stimu- 
lus intensity," this usage is retained in the present discussion 
to avoid confusion. 

varies with contiilued exposure. The variation in bright- 
ness, for example, is measured by equating to the test 
field after various times of exposure a comparison stimn- 
lus of variable intensity which stimulates a spatially 
separate retinal area in either the same or the other eye. 
Changes in the matching intensity of the comparison ficld 
are then taken as measures of the adaptive effect in the 
test area. 

Unfortunately, however, in studies of this sort the 
responses evolced in the comparison area are, like those 
of the test area, also conditioned by initial and subse- 
quent states of adaptation. Even if one were to assume, 
as Cohen does in his experiments, that a static or equi- 
librium state can be maintained in the comparison area 
duriag tbe course of the measuzements, the initial level 
of adaptation of the comparison area still exerts a deci-
sive influence npon the result. Visual comparisons between 
two discretely stimulated retinal areas depend not only 
on physical stimuli but upon the respective adaptation 
levels of both areas. Craik, in an extensive study of the 
effects of adaptation on brightness, has given a striking 
experimental demonstration of the extent of this de-
pendence: ". . . an illumination of 3 e.f.c. presented 
to the dark-adapted left eye is judged subjectively equal 
to the adapted brightness of 15,000 or 75,000 e.f.c. pre- 
sented to the right eye" (5, p. 239). 

Since brightness equations made during the course of 
color adaptation depend on the relative adaptation levels 
of the visual test area whose adaptive changes are being 
measured and the visual comparison area which is used 
to measure these changes, the conflicting results which 
have been reported may very probably be due to different 
relations between these two levels in different experi-
ments. 

An examination of experiments in  which a decrease 
in brightness of the test area during color adaptation is 
reported shows that the retinal comparison area is 
adapted to a lower illuminance level than the test area. 
Except for flash exposures necessary to make a color 
match to the test field, the comparison area is unstimu- 
lated during adaptation to the test color. The compari- 
son area is in effect dark-adapting. Since its sensitivity, 
relative to that of the test area, is increasing with time, 
i t  i s  therefore to be expected that less and less light will 
be required for an equation to the test brightness. 

I t  follows directly that opposite effects should occur if 
the adaptive levels and consequently the relative sensitivi- 
ties of the two areas are reversed. With the adapting il- 
luminance of the comparison arca higher than that of the 
test patch, the intensity required for a match would be 
expected to increase during adaptation, as i t  did in 
Cohen's experiments. Were this one of his experimental 
conditions, the unexpected direction which his results 
took might readily be explained. I n  his experiments, in 
contrast to other investigations, the retinal comparison 
area was continuously stimulated during the adapting 
period by what he calls a neutral "gray of medium 
brightness" (2, p. 100). Unfortunately, the intensity 
level is not specified. I t  is asserted simply that "the 
patch npon which the match was made underwent little, 
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if any, change, i.e., the retinal processes were in equi- 
librium" (2,p. 109). I n  the absence of precise specifi- 
cation of the adaptation levels of the test and comparison 
areas, the proposed explanation lacks experimental con-
firmation. The following experiments are intended to 
provide such confirmation. 

The apparatus used in these experiments was a form of 
monochromatic colorimeter. The field sizes and posi-
tions, pre-exposure times, and adaptation controls were 
identical with those used in the Cohen investigation (see 
2 for details). Observations were binocular, with both 
the test and comparison fields viewed by each of the two 
eyes. Judgments, however, were restricted to one psy- 
chological dimension-namely, brightness. To test the 
effects on brightness equations of differences in the rek-  
tive adaptation levels of the test and comparison areas, 
three separate color adaptation experiments were per-
formed. The stimulus ihtensity of thc? test color was the 
same in all three experiments. The adapting intensity of 
the neutral comparison field, while always within a range 
which might be considered of medium brightness, was 
less than, equal to, or greater than that of the test field 
in the separate experiments. The general result for two 
observers is shown in Fig. 1. 

The lower curve in Fig. 1 indieates that the intensity 
of the comparison field necessary for a brightness equa- 
tion to a test field of fixed stimulus intensity decreases 
with an increase in the time of adaptation. For this 
rccnllt, the achromatic a&zpting.iIluminance of the retinal 
comparison area was about one-tenth that of the colored 
test area. I n  the second experiment, on the other hand, 
the comparison area was adapted to approximately the 
same illuminance level as the test area. I n  this case, the 
curve shows that there was very little change in the 
matching intensity during the course of the adaptation 
period. Finally, the upper curve shows tlre matching in- 
tensity to increase with an increase in adaptation time. 
Here, the adapting illuminance of the comparison area 
was about ten times that of the colored test area. The 

increase in intensity under these conditions is similar to 
the result obtained by Cohen. The presumption seems 
warranted, therefore, that Cohen's experimental condi- 
tions were also comparable, and that the adapting illu- 
minance of his retinal comparison area was, in fact, 
higher than that of his test area. 

The results shown in Fig. 1 have been confirmed for 
each of two observers for two hues and two levels of test 
color illuminance. I n  all cases, the direction taken by the 
intensity function obtained is specific and reproducible, 
and depends on the relation between the adaptation levels 
of the retinal test and comparison areas. Fig. 1conclu-
sively demonstrates that the increase in intensity reported 
by Cohen cannot be accepted as a general law of color 
adaptation, any more than the decrease reported by other 
investigators can be so considered. 

The curves presrented in Fig. 1 are, in effect, equal 
brightness contours for different adapting levels, deter- 
mined over specified periods of time and for particular 
experimental conditions. They reconcile the apparently 
discrepant results which have been interpreted as repre- 
senting the manner in which brightness varies during the 
course of color adaptation. Actually, these curves cannot 
be taken to represent the manner in which the brightness 
attribute of a color varies with adaptation. They are 
functions which result from the variations of two sensi-
t iv i t ies ,  variations in the test and comparison areas. The 
test sensitivity cannot be measured independently unless 
it  is guaranteed that the comparison area is maintained 
a t  a constant level which is the same as the initial level 
of the test area. That a constant state of sensitivity 
can be maintained in the measuring area of the retina 
has long been doubted. To quote Almack, "That this 
can be accomplished under such unusual circumstances a s  
are imposed in an adaptation series is highly improbable 
. . . the choice of a method of equivalents is, we believe, 
an unfortunate one for rating loss of sensitivity by adap- 
tation" (1, p. 33). Further research alone will deter- 
mine the validity of this point of view. It must again 
be emphasized, however, that even if the measuring area 
is demonstrated to be constant in sensitivity, results 
would still represent only relative changes from the speci- 
fied initial sensitivity of the test area to subsequent 
states produced by adaptation to the retinal test illumina- 
tion. Nevertheless, with complete specification of the 
experimental conditions, and with full awareness that re- 
sults obtained in this manner represent events of a rela- 
tional nature only, they, like any other measurable phe- 
nomena of color vision, provide much useful information. 
They require and will ultimately receive a necessary ex-
planation in terms of underlying physiological processes. 
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