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The perception of color has traditionally been characterized by the subjective dimensions of
hue, brightness, and saturation. In the present study we reexamined this view by investigating
whether the dimensions of color stimuli are psychologically independent in dissimilarity judg
ment, spontaneous classification, and instructed classification tasks. Dissimilarity judgments ana
lyzed within the framework of the additive difference measurement model (Beals, Krantz, &
Tversky, 1968; Krantz & Tversky, 1975; Tversky & Krantz, 1969, 1970) reflected violations of
psychological independence for hue-chroma, hue-value, and value-chroma stimulus sets. Spon
taneous classifications of each color set revealed that subjects were not sensitive to shared dimen
sional relations of color stimuli, but rather responded to the holistic, overall similarity relations
of the stimuli. In the instructed classification task, both untutored undergraduates and "color
experts" (artists specially tutored in the Munsell color system), instructed to classify according
to shared dimensional relations, could extract dimensional information about either value or
chroma when each was varied with hue, but could not extract dimensional information about
hue. Color experts were superior to nonexperts in the extraction of dimensional information about
chroma only with moderately or highly saturated stimuli. The implications of these results are
considered in relation to current thinking about the perceptual organization of color and current
thinking about the identification of appropriate diagnostics for independent psychological
dimensions.

The precise notion of a psychological dimension con
tinues to elude psychologists interested in the perception
and organization of multidimensional stimuli. Defining
a psychological dimension has been particularly
problematic for investigators interested in color. A com
mon assumption has been that the perception of color is
organized in terms of the dimensions hue, brightness, and
saturation.1 "There is no doubt, in the case of color differ
ences, as to the number of independent perceptual attrib
utes .... The number is three" (Krantz, 1972, p. 683).
This assumption is based on scaling procedures (i.e., con
fusability scaling, direct estimation, multidimensional
scaling, etc.) that have supported the idea that hue, bright
ness, and saturation are the dimensions of color space
(Helm, 1964; Indow & Kanazawa, 1960; Indow &
Uchizono, 1960; Newhall, 1939; Newhall, Nickerson, &
Judd, 1943; Wright, 1965).
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One difficulty with this assumption that hue, brightness,
and saturationare the three dimensionsorganizing the per
ception of color is related to the multiple uses of the term
dimension. As Tversky and Krantz (1970) and Gati and
Tversky (1982) indicated, the term has been given several
meanings in the literature. Psychologists have used the
term dimension simply to refer to a variable that can be
physically manipulated. The term has also been used to
mean an organizing principle that structures and orders
perception in a consistent way. A third use of the term
stipulates that the organizing principle of a particular set
of perceptual experiences is psychologically independent
of any other set.

The major question in the present research focuses on
this third definition of dimension. We ask whether the
dimensions, or organizing principles, of color stimuli are,
in fact, psychologically independent. There is considera
ble evidence that the physical attributes of color do not
independently affect the psychological dimensions of
color. For example, variation on a single physical attrib
ute of color produces variations on more than one sub
jective dimension (e.g., the Bezold-Briicke effect). (See
Boynton & Gordon, 1965, and Yager & Taylor, 1970,
for reviews.) We are concerned with whether the attrib-
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Beals, Krantz, and Tversky (1968), Tversky and Krantz
(1969,1970), and Krantz and Tversky (1975) developed
a quantitative psychological model that specifies defin
ing properties for subjectively independent dimensions.
The model, referred to as the additive difference mea
surement model (ADMM), provides testable axioms that
specify whether one attribute (e.g., hue) is psychologi
cally independent relative to another (e.g., brightness).

The most frequent tests of the ADMM have examined
one aspect of the axiom of interdimensional additivity,
namely, the property of equality. Consider the stimulus'
set illustrated in Figure 1. To test the equality prediction,
a given interval on one dimension is examined at several
constant levels on a second dimension. For example, the
dissimilarity ratings of stimulus pair (1,5), which differ
by one interval on dimension Y, would be compared with
the ratings of pairs (2,6), (3,7), and (4,8). Ifdimensions
X and Y are independent, then each of these stimulus pairs
is judged according to their interval difference on dimen
sion Y; the constant value of X should not contribute
differentially to the judgment of any pair. Thus, the rat
ings of the four pairs should be equal. Similarly, the re
maining one-step, two-step, and three-step unidimensional
intervals could be compared. A second part of the equal
ity test involves comparisons of stimulus pairs that differ
by the same interval on each dimension. For example,
in Figure 1 the stimulus pairs (1,6) and (2,5) differ by
one interval on each dimension. The stimulus pairs (1,10)
and (2,9) differ by one interval on dimension X and two
intervals on dimension Y. These bidimensional variations
can be compared to determine whether dissimilarities on
dimensions are combined equally.

The experimental evidence shows that some dimen
sional combinations meet this test of perceptual indepen
dence, and others do not. Tversky and Krantz (1969)
showed that dissimilarity judgments of schematic faces
(e.g., depth of frown, eyebrows) exhibited equality.
Wender (1971) investigated the same axioms of equal
ity, using rating scale judgments of rectangles that varied

Figure 1. A 4 x 4 stimulus set usedto portray the critical relatious
of interdimensional additivity.

utes of color are perceptually independent, and especially
with the conditions under which independence does or
does not exist.

In studies on dimensional interactions, Gamer (1970,
1974, 1976) and Lockhead (1972, 1979) formalized dis
tinctions initially made by Shepard (1964), who argued
that different dimensions combine to yield fundamentally
different percepts. Stimuli that are generated by combin
ing "separable" dimensions, such as size of circle versus
angle of a radial line, are perceived as conjunctions of
distinct features or values. In contrast, stimuli that are
generated by combining "integral" dimensions, such as
height versus width of a rectangle, are not perceived as
conjunctions of distinct features; they are perceived in
terms of more holistic properties of the stimulus object.

Perceived differences in structure have yielded very
different performances in a variety of converging tasks.
Separable dimensions yield a city-block metric in direct
distance scaling, do not give a redundancy gain in speeded
tasks with correlated values, and allow selective attention
to one dimension when a second is varied orthogonally.
Integral dimensions, on the other hand, are characterized
by a Euclidean metric in direct distance scaling, produce
a redundancy gain in speed or accuracy with correlated
values, and do not allow selective attention to one dimen
sion when a second is varied orthogonally (Gamer, 1974,
1976).

The work on dimensional interactions indicatesthat sub
jects respond to holistic similarity relations among color
stimuli and not to dimensional relations (Gamer, 1974;
Smith & Kemler, 1978). Although this evidence con
tradicts the traditional view that color is perceived accord
ing to hue, brightness, and saturation, it does not rule out
the possibility that the perception of shared dimensional
relations (which underlies the diagnostics of dimensional
independence) in color stimuli is possible. Both Lockhead
(1972) and Gamer (1974) took the view that subjects may
respond to either the holistic or the dimensional relations
among integral stimuli. Lockhead argued that integral
stimuli are first perceived as "blobs" and subsequently
are analyzed into dimensional features, but only if the de
mands of the task require analysis of the stimuli. In a simi
lar vein, Garner distinguishedbetween primary and secon
dary processes in the perception of multidimensional
stimuli. The primacy process occurs first and is automatic;
the secondary process occurs second and is the result of
more cognitive operations. According to Gamer, the
primary process for all integral stimuli detects overall
similarity relations among stimuli, whereas the secondary
cognitive process detects dimensional relations.

The argument by Gamer (1974) and Lockhead (1972)
that all dimensional combinations can be analyzed
(althoughfor integral dimensions, not automatically) iden
tifies a fundamental property of stimulus dimensions,
namely, that their respective features must be subjectively
independent. Despite the fundamental nature of subjec
tive independence, it has seldom been tested, and only
recently have some formal criteria for subjective indepen
dence been provided.
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in area and shape, and found significant violations of
equality.

Several investigators (Bums, 1976; Burns, Shepp,
McDonough, & Wiener-Ehrlich, 1978; Wiener-Ehrlich,
1978) have argued that the perceptual independence of
the ADMM should agree with the converging operations
provided by Gamer (1974) to distinguish integral and
separable stimuli. Integral stimuli are perceived holisti
cally; stimuli that are integral by Gamer's converging
tasks should violate additive difference metrics. Separa
ble stimuli are perceived as independent component
dimensions; stimuli that are separable should meet the as
sumptions of additive difference metrics.

Bums et al. (1978) provided tests of this argument by
comparing proximity data and patterns of performance
in tasks that have been used as diagnostic for integral and
separable stimuli within Gamer's (1974) framework.
Their results showed close agreement between Gamer's
operational definitions of integrality and separability and
the acceptance and failure of the predictions from the
ADMM. The dimensions of separable stimuli (size vs.
brightness, circle vs. angle) consistently met the require
ments of interdimensional additivity. That is, in the rat
ing scale data, the dissimilarity between two separable
stimuli was composed of the independent contributions
along each constituent dimension. Similarly, in the clas
sification paradigm, subjects consistently based judgments
on shared identity on one dimension rather than on a holis
tic combination of similarities across all dimensions. In
contrast, the dimensions of integral stimuli (area vs, shape,
height vs. width, hue vs. chroma) did not meet the
ADMM's requirements for psychological independence,
and classifications were based predominantly on overall
similarity .

The present experiments extended this analysis of the
ADMM and Gamer's (1974) framework in two impor
tant ways. First, do all sets of integral stimuli interact and
show the pattern of results reported by Bums et al.
(1978)? In Experiments 1 and 2 we investigated the per
ceptual organization of each of the possible color
combinations-hue versus saturation, hue versus bright
ness, and brightness versus saturation-using both dis
similarity judgment and restricted classification tasks. Sec
ond, do the interactions between the attributes of color
reflect only a primary response to color? Is there a secon
dary, analytical response, based on independent features,
that can be tapped by instruction or special experience?
In Experiments 3 and 4 we addressed these questions.

EXPERIMENT 1

In Experiment 1, subjects made dissimilarity judgments
about three sets of color stimuli: hue-chroma, hue-value,
and chroma-value. Previous research had shown that
when the features in multidimensional stimuli were obvi
ous, then the features of one dimension were judged in
dependently from features of a second dimension. When

features were not obvious, judgments of independence fail
(Krantz & Tversky, 1975; Tversky & Krantz, 1969,
1970).

Our previous research (Bums et al., 1978) had shown
that hue and chroma were not independent, and in the
present experiment we extended the analysis to the other
combinations of color attributes. There was no previous
evidence that one combination of color attributes was any
more likely than another to show perceptual independence.
It is important to note, however, that distinctions between
integral and separable dimensions refer to interactions be
tween combinations of two or more dimensions. A par
ticular dimension, such as brightness, may be separable
relative to size but integral relative to saturation (e.g.,
Handel &!mai, 1972). Thus, any general statements about
color perception require an analysis of all possible com
binations.

Method
Subjects. Thirty subjects were recruited from the Brown Univer

sity undergraduate subject pool. Ten subjects were assigned to judge
each of the three stimulus sets, with approximately equal numbers
of males and females assigned to each set. Prior to the experimen
tal task each subject was administered the Ishihara test for color
vision deficiency. Subjects were paid $3 for each of two sessions.

Stimuli. Three stimulus sets were constructed for use in all four
experiments, using Munsell glossy chips that varied in hue, value
(brightness), and chroma (saturation). The chips were presented
as 2.5-cm squares mounted on gray (Munsell value = 5) square
cards that measured 11.5 em on a side. In all experiments the stimuli
were viewed under a lamp provided by the Munsell Company to
approximate illuminant C. The hue-chroma set was composed of
36 stimuli that varied in six levels of hue (IORP, 2.5R, 5R, 7.5R,
lOR, and 2.5YR) and six levels of chroma (2, 4, 6, 8, 10, and
12). ~ll stimuli in the hue-chroma set had a value level of 6. The
hue-value set consisted of 36 stimuli that varied in six levels of
hue (IORP, 2.5R, 5R, 7.5R, lOR, and 2.5YR) and six levels of
value (3, 4, 5, 6, 7, and 8). The stimuli in the hue-value set had
a chroma level of 12. The value-chroma set consisted of 36 stimuli
that varied in six levels of value (3, 4,5,6,7, and 8) and six levels
of chroma (2, 4, 6, 8, 10, and 12). Each of these stimuli had a
constanthue levelof7.5R. In Experiment I, a4x4 matrix of stimuli
was selected from the center of the total6x6 matrix (i.e., Levels 2,
3, 4, 5 on each dimension) for each of the three stimulus sets.

Procedure. The subjects were asked to perform a dissimilarity
judgment task. On each trial the subjects were presented with a pair
of stimuli and were asked to rate the dissimilarity of each pair on
a IO-point scale. In each oftwo experimental sessions the subjects
rated a total of 120 pairs of stimuli, consisting of all possible com
binationswith the exception of identicalstimuli. The order of presen
tation was randomized and a different random order was used for
each subject. Additional procedural details for this methodology
are given in Bums et al. (1978).

Results and Discussion
The dissimilarity judgment data for each of the stimu

lus sets were analyzed in several ways. First, the data were
submitted to Kruskal's (1964) MDSCAL IV (Ver
sion 5MS). In this way, the best fitting n-dimensional scal
ing solution was determined from the average dissimilarity
ratings. The best-fitting solutions for each of the three
stimulus sets in the present experiment were two-



THE REPRESENTAnON OF COLOR 497

VALUE

Figure 2. Multidimensional scaling configurations of 16 stimuli
in each of three combinations of the Munsell dimensions.

ealed some consistent variations. The same intervals of
hue appear to be judged as less dissimilar with increas
ing levels of value. [For example, compare the distance
between 1 and 5 in the pair (1,5) and between 4 and 8
in the pair (4,8).] Table 1 provides the statistical support
for this observation; the judgments of 9 of the 10 sub
jects showed consistent equality violations for the hue in
tervals (p < .025). Judgments of the unidimensionalvar-

dimensional. The solutions for a Euclidean metric
produced stress values of .059, .047, and .059 for
hue-chroma, hue-value, and chroma-value, respectively.
In addition, for each stimulus set, correlations were ob
tained between the physical values on the Munsell scale
and the dimensions yielded by the scaling solutions. For
the hue-chroma set the Pearson product-moment corre
lationswere .92 and .96 for hue and chroma, respectively.
The correlations for the hue-value set were .68 and .82
for hue and value, whereas the correlations for the
value-chroma set were.79 and .65 for value and chroma.

One of the ADMM's tests of interdimensional additiv
ity, the equality prediction, was also employed on each
set of dissimilarity judgment data. To test the equality
prediction, intervals on one dimension were examined at
all constant levels on the second dimension in order to
determine whether dissimilarity remained constant. For
each dimension there were 36 possible comparisons that
composed this test of unidimensional equality. A second
part of the equality test involved comparisons of stimu
lus pairs that differed by the same interval on both dimen
sions. In the bidimensional equality test these pairs were
compared to determine whether dissimilarity was judged
equally. A total of 72 comparisons composed this test of
equality among dissimilarity judgments.

Hue-chroma. Figure 2 (top panel) shows the scaling
solution for the 4 X4 matrix of stimuli varying in hue and
chroma presented for dissimilarityjudgments. A compar
ison of Figures I and 2 shows that the orderings among
the stimuli correspond to the orderings of the Munsell sys
tem. The relations among the spaces between the num
bered stimuli, however, suggest a dimensional interac
tion. As shown in Figure 2, with increasing levels of
chroma, the dissimilarity judgments for equal levels of
hue appear to increase. Table 1 presents the actual num
ber of unidimensional equality violations for each sub
ject's dissimilarity judgments. All 10 subjects evidenced
a pattern of dissimilarity judgments such that as the con
stant level of chroma increased from 4 to 10, dissimilar
ity judgments of equal hue intervals increased, an effect
that is significant by a binomial test (p < .01). In con
trast, dissimilarity judgments of equal chroma intervals
at constant levels of hue did not differ significantly
(p > .05).

The number of bidimensional equality violations for
each subject's judgments is shown in Table 2. The bi
dimensional dissimilarity judgments of 8 of the 10 sub
jects showed consistent equality violations. This is,
however, not significant using the binomial test
(p > .05). The lack of significance may be accounted
for by considering that equality violations reached sig
nificance for unidimensional judgments of hue only.

Hue-value. The middle panel of Figure 2 shows the
best-fitting scale solution for the stimulus set varying in
levels of hue and value. A comparison of the matrices
in Figures 1 and 2 reveals that the scaling solution shows
an order that is close to the ordering of the Munsell sys
tem. The spacings among the ordered stimuli also rev-
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iations of value also showed a consistent pattern of equality
violations. Nine of the 10 subjects (p < .025) consis
tently rated intervals of value as more dissimilar when
presented with intermediate constant levels of hue than
when presented with either of the extremes.

Value-chroma. The stimuli composing the value
chroma set also yielded a well-ordered two-dimensional
organization, as shown in the bottom panel of Figure 2.
Table 1 presents the number of equality violations for the
dissimilarity pairs in which only one dimension was
varied. The same intervals of value were judged as more
dissimilar with increasing constant levels of chroma by
9 of the 10 subjects (p < .025). An analogous effect was
evidenced for judgments of equal intervals of chroma.
Nine of the 10 subjects rated equal intervals of chroma
as more dissimilar with increasing levels of constant value.
Table 2 presents the number of equality violations for bi
dimensional variations. Stimulus pairs on the primary di
agonal were consistently judged as less dissimilar than
equivalent stimulus pairs on the secondary diagonal by
9 of the 10 subjects (p < .025). The dimensional inter
action for value and chroma is highly consistent for both
unidimensional and bidimensional variations.

Summary. The results of the present experiment sup
port our line of inquiry concerning the perceived organi
zation of color stimuli. On the basis of conventional scal
ing analyses, one would conclude that an acceptable
dimensional structure defines each stimulus set. At stress
values of .059, .047, and .059 for hue-chroma,
hue-value, and chroma-value, respectively, the correla
tions between the factors of the scaling solutions and Mun
sell dimensions are significant. The correlations, however,
appear to reflect the rank orders of the stimuli and are
not sensitive to violations of independence. The visual
configurations of the scaling solutions do not reflect in
dependent psychological dimensions. There were signifi
cant violations, in varying patterns, of the equality predic-

tion derived from the interdimensional additivity axiom
of the ADMM for each of the sets of color stimuli.

EXPERIMENT 2

Although the results of Experiment 1 showed that
stimulus sets generated by dimensional combinations of
hue, value, and chroma were not perceived in terms of
independent psychological constituent dimensions, it was
possible that such results were task dependent. Experi
ment 2 was intended to converge on the characterization
of perceived color structure by employing a second type
of task which assessed the subjects' perception of shared
dimensional relations among stimuli.

In the restricted classification task, triads of stimuli are
presented which place two different types of classifica
tion in conflict. The distance relations among the three
stimuli in such a classification task are typically presented
as in triad Types 1 and 2 in Figure 3. On triads composed
of stimuli in these distance relations, classification on the
basis of a shared value on one dimension (the A + B
"dimensional" classification) is pitted against classifica
tion on the basis of overall similarity on both dimensions
(the B+C "similarity" classification).

In order to assess the effects on color stimuli of vary
ing the salience of perceived dimensional relations, we
presented several additional types of triads with differing
distance relations. Triad Types 1,2, 3, and 4 in Figure 3
illustratefour triad variations in which the dimensionalclas
sification is pitted against the overall similarity classifica
tion. The critical difference across these triad types is how
similar stimuli B and C are to each other. Previous studies
have shown that as the dissimilarity of stimuli B and C
is increased (compare especially Types 2, 3, and 4), the
number of classifications based on shared dimensional re
lations increases (Burns, 1986; Bums et al., 1978; Shepp,
Bums, & McDonough, 1980).

Table 1
Equality Violations for Di'iSimilarity Judgments

of Pairs of Munsell Stimuli

Stimulus Set Stimulus Set Stimulus Set

Hue Chroma Hue Value Value Chroma

Subject* + - + - + - + - + - + -
1 0 27 12 13 23 3 5 16 10 22 6 13
2 4 26 16 10 13 8 8 11 9 18 7 20
3 4 21 3 24 15 6 5 21 9 19 8 18
4 3 29 8 14 20 10 5 21 3 17 3 11
5 0 30 4 21 7 13 6 17 9 13 7 23
6 2 28 12 12 17 8 6 22 2 17 10 12
7 1 26 10 19 24 5 2 17 3 24 15 17
8 3 25 10 10 14 7 6 17 2 27 21 9
9 3 24 15 11 14 8 10 8 18 13 15 17

10 0 29 9 24 17 5 11 16 9 23 6 21
Note-Entries represent the number of times the first stimulus pair of a specific interval [e.g.,
(l,5); see Figure I] was judged as more (+) or less ( - ) dissimilar than consecutive theoretically
equal pairs [e.g., (2,6), (3,7), (4,8)]. N = 36 comparisons. Unequal Ns are due to stimulus pairs
that were judged as equallydissimilar. *Ten differentsubjectswere assigned to eachstimulusset.



Table 2
Equality Violations for Bidimensional Dissimilarity Judgments

of Pairs of MunseU Stimuli

Stimulus Set Stimulus Set Stimulus Set

Hue Chroma Hue Value Value Chroma
--

Subject* + + +
I 32 23 14 44 14 45
2 29 22 23 26 21 34
3 13 44 21 29 13 48
4 40 16 21 32 9 38
5 30 23 34 18 9 44
6 37 16 21 38 9 38
7 27 30 8 47 21 31
8 37 17 9 43 24 30
9 37 23 14 28 48 16

10 33 27 23 29 13 32

Note-Entries represent the number of times a stimulus pair on the
primary diagonal [e.g., (1,6); see Figure I] was judged as more (+)
or less (-) dissimilar to the corresponding pair on the secondary di
agonal [e.g., (2,5)]. N = 72 stimuluspairs. UnequalNs are due to stimu
lus pairs that were judged as equally dissimilar. *Ten different sub
jects were assigned to each stimulus set.

The triads in which the salience of shared dimensional
relations was varied provided a second assessment of per
ceptual organization and a more stringent measure of per
ceived dimensional relations. If the dimensional combi
nations of the hue-chroma, hue-value, and value-chroma
stimulus sets could be analyzed into independent psycho
logical dimensions in some or all of the triad types, using
the classification task, the direction of our theoretical ar
gument concerning the type ofdimensional interaction evi
denced by proximity data and the modifiability of per
ceptual analysis would change substantially. However, if
components of color stimuli could not be analyzed into
independent constituent dimensions in any of the triad
types, then the perceived stimulus structure of color would
appear to be one ofconsistent similarity organization and
unanalyzability. That is, if subjects classified triads ac
cording to perceived overall similarity relations, regard-
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less of the dimension that provided the shared dimensional
values and regardless of which color dimensions were
combined, then we would conclude that subjects do not
readily analyze color into component dimensions. The
findings would allow a comparison with the results of
Bums et al. (1978), which showed excellent agreement
between scaling and restricted classification operations
with separable and integral stimulus sets. By comparing
such operations across the three sets of color stimuli, we
could begin to address the generalizability of previously.
reported convergence between scaling and classification
and the issues surrounding the concept of degrees of
analyzability (Bums, 1987; Bums et al., 1978; Garner,
1974; Lockhead, 1979; Smith & Kemler, 1978).

Method
Subjects. A total of 36 Brown University undergraduates volun

teered to participate in the classification studies. Approximately
equal numbers of males and fenia1es were assigned to each stimu
lus set and each subject was paid $3.50 for participation. Prior to
the experimental session each subject was screened for color-vision
deficiencies with the Ishihara test.

Stimuli. The three stimulus sets that can be generated by the com
bination of the three Munsell dimensions were used: hue-chroma,
hue-value, and value-chroma. The 6x6 stimulus matrices described
for each stimulus set in Experiment I were used.

Procedure. The subjecs were administered a version of the res
tricted classification task in which a triad of stimuli was presented
on each trial and subjects were instructed to point to the two stimuli
that "go best together." On half of the trials the stimuli were
presented in a row; on the other half they were presented in a tri
angular array. The stimulus relations between adjacent stimuli were
counterbalanced across trials. (See Shepp et aI., 1980, for addi
tional procedural details.)

The relations among the stimuli presented on a trial in this ex
periment are illustrated by the Type 1 and Type 3 triadsin Figure 3.
In each of these triad types a classification based on shared dimen
sional relations is pitted against a classification based on overall
similarity. The classification of stimuli A and B together indicates
that a shared dimensional relation is perceived, whereas the clas
sification of stimuli B and C together indicates the dominance of

TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPES
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DIMENSION X

Figure 3. An illustration of the relations among stimuli on the five types of triads presented in Experiments 2-4.
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overall similarity relations. Subjects could also, of course, respond
haphazardly by classifying A and C together.

In Type I triads, stimuli A and B share a level on dimension X
(see Figure 3) and are four levels apart on dimension Y. Stimuli
Band C share no dimensional levels but are highly similar in that
they differ only by one level on dimension X and one level on dimen
sion Y. The stimulus relations of Type 3 triads were arranged to
increase the salience of perceived dimensional relations by decreas
ing the overall similarity classification. Stimuli A and B share a
level on dimension X but are five levels apart on dimension Y.
Stimuli Band C are similar on both dimensions in that they are
one level apart on dimension X and two levels aparton dimension Y.
If perceived dimensional relations and overall similarity relations
in Type I triads are judged by a subject to be nearly equivalent
in response to instructions to "put the two together that go best
together, " then the increase in dissimilarity between stimuli Band
C in Type 3 triads should decrease the similarity of the B+C clas
sification and lead to an increase in classifications based on shared
dimensional relations. The effect of increased dimensional analysis
in the context of decreased similarity of stimuli Band C has been
supported in previous studies with adults (Bums et al., 1978), chil
dren (Shepp et al., 1980), and retardates (Burns, 1986).

Within each stimulus set, one of the dimensions presented a shared
level on half of the trials, whereas the other dimension presented
the overall similarity relation; the reverse arrangement was presented
on the other half of the trials. Three unique Type 1 and Type 3
triads were constructed for each of the two dimensions composing
the stimulus set. Each triad was presented eight times in a random
order for a total of 96 trials.

dency for subjects to classify less by overall similarity
in Type 3 than in Type 1 triads (see Table 3), the effect
was not reliable. It is important to note that the tendency
to ignore shared dimensional relations and to classify by
overall similarity relations contrasts sharply with the
results of Bums et al. (1978), Handel and Imai (1972),
and others for stimulus sets that have a perceived dimen
sional structure according to other criteria. For such sets
of separable stimuli (e.g., circle size and angle of radial
line, size and brightness) the dominant form of classifi
cation is according to shared dimensional relations.

The results of Experiment 2, using the three combina
tions of the dimensions of color, indicate that the stimuli
are perceived holistically; the results converge with the
results and interpretation of Experiment 1 that stress the
lack of independent dimensional structure composing these
stimuli. However, the results from the restricted classifi
cation task do not appear to reflect the differential types
of dimensional analysis suggested by the scaling proce
dures. In contrast to Experiment 1, in which value
chroma and hue-value judgments showed a mutual inter
action whereas hue-chroma judgments revealed an asym
metric interaction, the present findings using the classifi
cation task reflect no differential types or differential
degrees of dimensional analysis for the three combina
tions of color dimensions.

EXPERIMENT 3

Table 3
Proportions of Dimensional (D), Haphazard (H), and Similarity (S)

Responses in the Restricted Classification Task for Each
Dimension Composing the Hue-Chroma, Hue-Value,

and Value-Chroma Stimulus Sets

The results of Experiments 1 and 2 showed that the
stimuli generated by combining the dimensions of the
Munsell color system were not perceived as conjunctions
of features on subjectively independent dimensions; in
stead, such stimuli were perceived as integral wholes. Ob
viously, holistic perceptual organization was the initial
and dominant mode of organization, but we could not rule

Hue-Value Set

SHD

.10 .17 .73

.23 .15 .62

.04 .06 .90

.14 .05 .81

.04 .02 .94

.07 .09 .84

S

Hue-Chroma Set

H

Value-Chroma Set

Shared Hue Shared Chroma

Shared Hue Shared Value

Shared Value Shared Chroma

D

.06 .03 .91

.08 .06 .86

.09 .08 .83

.10 .10 .80

.14 .08 .78

.24 .13 .63
I
3

I
3

I
3

Triad Type

Results and Discussion
Preliminary analyses revealed that there were no differ

ences in classifications between stimuli presented in a
linear array and those presented in a triangular array.
Responses were averaged across these two types of dis
plays and are summarized in Table 3, which shows the
proportion of dimensional, haphazard, and overall similar
ity classifications for Type 1 and Type 3 triads in the
hue-chroma, hue-value, and value-chroma stimulus sets.
Two separate types of analyses were conducted on the data
for each stimulus set. First, the proportion of overall
similarity classifications made for each type of triad for
shared values on each dimension of a stimulus set was
compared to the level expected by chance (.33). Second,
the numbers of overall similarity responses were com
pared factorially in a within-subjects analysis of variance
where the factors were triad type (1 or 3) and shared
dimensional level (e.g., hue or chroma).

The results from each type of analysis can be summa
rized easily. In all comparisons the proportions of over
all similarity classifications exceeded chance levels [mini
mum correlated t(l1) = 3.1, P < .02]. The results of
the analyses of variance showed no main effect due to type
of triad or shared dimension for any of the stimulus sets
(ps > .05). Moreover, there were no significant inter
actions between these two factors in any of the analyses
(ps > .05).

The results of the present experiment show that the
dominant basis of classification for the three stimulus sets,
hue-chroma, hue-value, and value-chroma, was overall
similarity. Although it appears that there was some ten-



out the possibility that there might be circumstances un
der which dimensional structure would emerge as the basis
for perceptual organization.

In Experiment 3, we attempted to identify some of these
circumstances. It was clear from previous research that
the restricted classification task provided the most unam
biguous evidence to support the claim that stimuli are per
ceived according to dimensional relations. When stimuli
were perceived as conjunctions of features, subjects
showed a strong preference to classify together those
stimuli that shared an identical feature. In the present ex
periment, two operations were added to the restricted clas
sification task described in Experiment 2 to promote the
dimensional analysis of color stimuli: (1) instructions and
training on dimensional analysis, and (2) additional triad
types that served to increase the salience of the shared
dimensional relations. The subjects were first given in
structions concerning the concept of a shared dimensional
relation and were trained and tested on dimensional anal
ysis, using stimuli that varied in height and width. Then
they were given new training and feedback on the color
dimensions that were varied in the classification task. Both
the training and the experimental triads varied the salience
of dimensional relations beyond the variations attempted
in Experiment 2.

Method
Subjects. For each stimulus set, the subjects were 12 Brown

University undergraduates (6 male, 6 female) who volunteered to
participate; they were paid $3.50 for the session. The subjects were
pretested for color-vision deficiencies with the Ishihara Test.

Stimuli. The three stimulus sets of Munsell colors that had been
used in Experiment 2 were also used in Experiment 3. The
dimensional-analysis training stimuli consisted of a 6 x 6 matrix of
objects varying in "~ight (2.1,2.5,3.0,3.6,4.3, and 5.2 em) and
width (6.2, 7.5, 9.0, 10.8, 13.0, and 15.6 ern).

Procedure. Before training and testing on the attributes of color
was begun, an analogous training and testing session was completed
using the dimensions of height and width of rectangle. The dimen
sions of height and width were described verbally and examples
of stimuli illustrating shared height and shared width relations were
shown to the subject. Once the task of classifying by shared height
or width was well understood, a series of experimental trials were
presented which included Type 2, Type 4, and Type 5 triads
(described below). These procedures were included to further un
derscore the task demands of dimensional analysis and to obtain
a measure of the effectiveness of our procedures with a highly
analyzable stimulus set (see Shepp et aI., 1980).

The subjects were given an extensive description of the dimen
sions of color. As an example, the instructions for the hue-bright
ness set are given below. Subjects assigned to the classification of
the other stimulus sets received analogous instructions.

This is an experiment involving two aspects of color: hue and
brightness. Hue refers to the color's wavelength or what we often
think of as the name of a color. Hue can range from reds to yel
lows to blue, etc. [At this point an illustration of a horizontal sec
tion of the color sphereat the equatorwas shown (from Itten, 1970,
p. 68).] Brightness refers to the amountof light reflectedfrom the
hue. Ifbrightness wereto be arrangedon a scalefromblackto white,
there would be equal steps of gray from dark gray to almost white.
[The experimenter illustrated this point by showing a vertical sec
tion of the color sphere from white to black.] By looking at this
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color sphere(ltten, 1970,p. 69), we immediately noticetwo things.
If we look at the gray center square and moveone step to the right
and one step to the left we see that these represent two different
hues that share the same level of brightness. The same is true for
any horizontal level of the sphere. Along any vertical line in the
sphere the stimulishare a levelon hue and differ in brightness. [The
subjects were given time to study the color sphere.] Now we will
examinea setof actualMunsell chipsthat vary in hueandbrightness.

[Subjectswere presented with a set of Munsell chips that varied
in six levelsof hue in the blue range and six levelsof value (bright
ness) in a 6 x6 matrix. Chips were pointed out that shared a level
on each dimension. The matrix of chips was removed. A series of
Type 2 and Type 4 triads were then presented and subjects were
asked to classify by a shared level on hue or brightness. Classifica
tions were corrected and additional triads were presented until the
subjects appeared to understand the task demands as well as the
concept of psychologically independent dimensions.]

Now we are ready to begin the experiment on classification by
the dimensions of hue and brightness. On each trial you will be
presented with three color chips. Two out of each triad of chips
will share the same level on either hue or brightness. Your task
is to choose the two stimuli that share a level on one of these two
dimensions. There are no tricks, althoughsometrials maybe harder
than others. There will be a total of 72 trials for you to classify
in this way.

The relations between the stimuli in Type 2 and Type 4 triads
(see Figure 3) pit dimensional against overall similarity classifica
tions. In this experiment, the Type 2 and Type 4 triads were of two
types: extended and nonextended. In both of these arrangements
stimuli A and B share an identical value on one dimension and differ
considerably on the second. The difference between stimuli A and
B in extended triads is five steps, whereas the difference in nonex
tended triads is three steps.

The structure of the Type 2 triad is similar to that of the Type I
triad that was used in Experiment 2. The change in the B-C stimu
lus relations from the primary to the secondary diagonal was re
quired to accommodate the extended-nonextended manipulation.
The relations between the stimuli of Type 4 triads were arranged
in such a way as to increase the salience of dimensional relations
within the triad: the salience of dimensional relations was varied
by changing the similarity relations between stimulus C and stimuli
A and B. When stimuli A and B were extended, stimulus C differed
from B by two levels on each dimension. When stimuli A and B
were nonextended, stimulus C differed from stimulus B by two
levels on dimension X and one level on dimension Y.

The presentation of Type 5 triads permitted assessment of the
degree to which dimensional classifications for Type 2 and Type 4
triads were due to a particular strategy not based on perceptual fac
tors. The illustration and training triads had been of Types 2 and
4. In those phases of the experiment, subjects might have observed
that often the stimuli that shared a dimensional feature (i.e., A and
B) were also the stimuli that were most dissimilar. Subjects who
made this observation might have chosen to classify stimuli A and
B together in response to the instruction to make dimensional clas
sifications, even though no dimensional relations were actually per
ceived. In Type 5 triads, stimuli A and B shared an identical value
on one dimension and differed by only one level on the second;
stimulus C differed from stimulus B by three levels on one dimen
sion and two levels on the other. If the subjects could recognize
a shared dimensional relation, A and B should continue to be clas
sified together. If, on the other hand, the subjects were attempting
to classify on the basis of the rule of maximal dissimilarity, then
stimulus C should be classified with either A or B.

For Type 2 and Type 4 triads, there were six extended and six
nonextended triads for each dimension in each color set. For Type 5
triads, there were six different triads for each dimension and each
was repeated once during the series of trials. Each subject classi-
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fied a total of 72 triads that were presented according to either of
two random sequences. In all other ways, the procedure followed
that of Experiment 2.

Results and Discussion
One of the first questions to answer in this experiment

was whether subjects have difficulty in understanding the
general concepts of shared dimensional relations, and
whether they can readily apply these concepts when in
structed to do so in a restricted classification task. In the
training phase of this experiment, when instructed to clas
sify rectangles in terms of shared dimensional relations,
the subjects were able to classify accurately stimuli that
shared either height or width. The percentages of dimen
sional classifications for Type 2, Type 4, and Type 5
triads were in excess of 99 %. These results indicate, first,
that rectangle stimuli can be decomposed into the dimen
sions of height and width even though the primary
response is based on overall similarity relations (e.g.,
Shepp et al., 1980), and second, that our subjects had a
clear understanding of the task demands of instructed clas
sification.

The results of the instructed classification task using
color stimuli are summarized in Table 4. A preliminary
analysis indicated that the classifications ofextended and
nonextended triads showed no significant differences
(ps > .05). Thus, the data for the two types of triads
were combined and the overall proportions for each type
of classification are presented. Our hypothesis was that
instructions to classify the triads by shared dimensional
relations should promote the dimensional analysis of color
stimuli. In fact, if color stimuli could be analyzed into
component dimensions, there should be a significant
proportion of classifications based on shared dimensional
relations in this experiment.

An inspection of Table 4 shows that instructed classifi
cation of color stimuli does not yield the same pattern of
results as instructed classification of rectangles. For
Type 2 triads, the instructions to classify by a shared
dimensional relation resulted in fewer classifications by
shared overall similarity than in Experiment 2, but t-test
comparisons indicated that the proportions of overall
similarity classifications were significantly greater than
chance levels (.33) in five of six comparisons (all ts >
3.2, ps < .01). The exception was noted in the
value-chroma set. When the subjects were given the op
portunity to classify triads that had a shared level on the
dimension of value, they produced a distribution of clas
sifications that did not differ from chance (p > .05).
Overall, these results indicate that the instructions to clas
sify by shared dimensional relations did not increase the
proportion of dimensional classifications to greater than
chance levels on Type 2 triads.

Type 4 triads were designed to promote dimensional
analysis by increasing the dissimilarity of the objects for
the similarity (B +C) classification. An inspection of the
proportions of classifications of Type 4 triads indicates
that the instructions to classify by shared dimensional re-

Table 4
Proportion of Dimensional (D), Haphazard (H), and Similarity (S)
Responses in the Restricted Classification Task (Instructed Condition)

for Each Dimension Composing the Hue-Chroma,
Hue-Value, and Value-Chroma Stimulus Sets

Triad Type D H S D H S

Hue-Chroma Set

Shared Hue Shared Chroma

2 .01 .35 .64 .30 .23 .47
4 .10 .42 .48 .59 .15 .26
5 .63 .06 .31 .74 .05 .21
5' .95 .02 .03 .92 .04 .04

Hue-Value Set

Shared Hue Shared Value

2 .07 .22 .71 .33 .14 .53
4 .30 .21 .48 .63 .09 .28
5 .81 .06 .13 .71 .02 .27
5' .88 .09 .03 .92 .05 .03

Value-Chroma Set

Shared Value Shared Chroma

2 .31.27.42 .16 .28 .56
4 .40 .25 .35 .36 .28 .36
5 .59.17.34 .66 .15 .23
5' .96.00.04 .93.04 .03

Note-Type 5' indicates classifications of Type 5 triads by subjects not
instructed in dimensional analysis.

lations differentially affected the proportion of dimen
sional classifications for the three stimulus sets. In clas
sifying triads from the value-chroma set, the subjects did
not classify consistently (ps > .05) by any of the three
types of stimulus relations (dimensional, haphazard, or
similarity). For Type 4 triads, it appears that shared value
or chroma relations cannot be extracted under our dimen
sional analysis conditions.

In contrast, the classifications of Type 4 triads in the
hue-chroma and hue-value sets show an asymmetric ef
fect. In both sets, when subjects were presented with
stimuli that shared a common hue, the proportion of over
all similarity responses still exceeded chance levels
(ts > 2.2, ps < .05). When the stimuli shared either a
common chroma or value, however, the subjects showed
a significant tendency to classify by shared dimensional
relations (ts > 4.0, ps < .01). The results for Type 4
triads reveal that shared chroma and shared value can be
extracted and employed as the basis for classification when
combined with hue.

As shown in Table 4, the proportions of dimensional,
haphazard, and similarity classifications for Type 5 triads
reveal a pattern that does not support the idea that the sub
jects used a strategy of classifying the most dissimilar ob
jects together. Although such a strategy seemed unlikely,
it was important to rule out the possibility that this was
the basis for increased dimensional classifications on in
structed classification triads.

A second type of analysis was employed in order to
compare the classifications of Type 5 triads by subjects
who were instructed to classify by shared dimensional re-



lations with classifications that occurred without instruc
tion. An independent group of 8 subjects was tested us
ing the procedures described in Experiment 2. These
subjects classified Type 5 triads (mixed with Types 2 and
4) under instructions to "classify together the two stimuli
that appear to go together best." The classifications of
Type 5 triads by the "uninstructed" subjects (i.e., sub
jects not instructed in dimensional analysis) are presented
in Table 4 as Type 5'. In all cases, these subjects classi
fied reliably according to shared dimensional relations
(ts > 12.0, ps < .001), a result that is not surprising,
considering that the stimuli that shared dimensional levels
were also the most similar overall. In the instructed clas
sification condition, the proportion of dimensional clas
sifications of Type 5 triads was significantly less than the
proportion exhibited by the uninstructed subjects in all
cases but one (all ps < .001). The exception occurred
for the hue-value set when the subjects classified triads
sharing a common hue; in this instance, there was no
difference between the proportions of dimensional clas
sifications made by instructed and uninstructed subjects.
Generally, the differences in the proportions of dimen
sional classifications made by the two groups of subjects
indicate that the subjects instructed to classify by shared
dimensional relations were not simply classifying in terms
of overall similarity. They appeared to be attempting to
analyze the objects, without much success.

To summarize, the results of Experiment 3 are quite
clear. When the subjects were instructed to classify by
dimensional relations, overall similarity relations con
tinued to dominate classifications on Type 2 triads. The
proportions of such classifications were, however, sig
nificantly reduced in comparison with analogous triads
(Type 1) in Experiment 2. In contrast, on the Type 4
triads, the instructions and training increased the salience
of dimensional relations for some attributes of color.
When stimuli varied in value versus chroma, subjectscon
tinued to be unable to identify stimuli that shared a com
mon dimensional level on value or chroma. However,
when either value or chroma was varied with hue, the
stimuli that shared a level on chroma or value were iden
tified on a significant proportion of trials. Yet there was
an unquestionable asymmetry; in neither set could the sub
jects identify stimuli that shared a common level on hue.

Our results using restricted classification procedures
provide more detailed information about the organization
and representation of color stimuli. The instructed clas
sification task was sensitive enough to pick up differences
in the degree and type of dimensional interaction. A com
parison of scaling and classification results for these three
stimulus sets produces a more complicated picture. The
patterns of instructed classifications for hue-value and
hue-chroma were very similar and differed greatly from
the pattern exhibited by subjects instructed to analyze
value-chroma stimuli. Scaling procedures identified a
different type of dimensional interaction for hue-chroma
than for hue-value and value-chroma. For the
hue-chroma set, judgments of chroma appeared to be un-
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affected by changing shared levels of hue. This supports
the idea that chroma may be extracted and represented
as an independent dimension when combined with hue.
The subjects' ability to extract shared chroma and not
shared hue relations was also mirrored in the instructed
classification data. Similarly, the mutual interaction evi
denced by the dissimilarity judgments of value-chroma
stimuli was supported by the subjects' inability to extract
shared dimensional relations in classification. The
hue-value data from scaling and classification do not con
verge so readily. The scaling analysis reflects mutual in
teraction; the classification task reflects subjects' ability
to extract shared value relations only. Shared hue rela
tions could not be identified on these triads. Additional
studies are needed to identify the implications of these
different profiles of dimensional interactions for opera
tions of dimensional analysis. In Experiment 4, we ex
tended the question of the analysis of color stimuli a step
further. Experiment 3 showed that instructions to clas
sify by dimensions did not promote analysis. Our ques
tion in Experiment 4 was whether such instructions given
to individuals who had been tutored in hue, saturation,
and color ("color experts") would lead to the increased
analysis of color.

EXPERIMENT 4

The subjects of Experiments 1-3 were undergraduates
with no special training or experience in analyzing color
attributes beyond those opportunities provided by the ex
periment. It is, of course, plausible that special aptitude
and/or extended training influences the ability to analyze
color stimuli into their component features. In Experi
ment 4, this hypothesiswas tested with a group of student
artists enrolled in the Rhode Island School of Design and
one color-vision scientist from Brown University. The stu
dents were enrolled in a color theory course that devoted
considerable time to the general analysis of color attrib
utes, and to the Munsell color series specifically. At the
conclusion of the course, the students participated in our
experiment, which employed instructed classification
procedures with the hue-chroma stimulus set.

Method
Subjects. The subjects were 11 students (6 female, 5 male) from

the Rhode Island School of Design who volunteered to participate
and were paid $3.50 for the session. In addition, one color-vision
scientist from Brown University agreed to participate. All subjects
were pretested with the Ishihara Test to reveal any color-vision defi
ciencies.

Stimuli. The Munsell hue-chroma stimulus set that was employed
in Experiment 3 was used. In addition, a training task employed
a 6x6 set of squares varying in size (1.9, 2.4,3.0,3.9,4.9, and
6.2 ern) and value (brightness) (3, 4, 5, 6, 7, and 8). Dissimilarity
relations of the latter stimuli previously reported by Burns et al.
(1978).

Procedure. The procedures employed in Experiment 3 were
repeated in Experiment 4. Before being trained on dimensional anal
ysis with color stimuli, the subjects were trained and tested on stimuli
varying in size and brightness. These stimuli, rather than stimuli



Table 6
Proportion of Dimensional (D), Haphazard (8), and Similarity (S)

Responses by Color Experts (Experiment 4) and Nonexperts
(Experiment 3) for Type 4 Triads That Presented a Shared Chroma

Relation at Low and Medium-to-High Levels of Chroma
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varying in height and width, were employed in order to extend the
examination of the effectiveness of dimensional analysis training.
Measures of spontaneous classification of size versus brightness with
adult subjects had previously been reported (Bums et aI., 1978),
so that a measure of the effectiveness of our training in the present
experiment could be obtained. As in Experiment 3, a set of color
stimuli varying in alternative hue and chroma levels was used in
the training and feedback procedures for the color attributes of hue
and chroma.

Degree of Chroma

Medium to High
Low

Color Experts Nonexperts

D H S D H

.91 .00.09 .62.10

.48 .27 .25 .52 .23

S

Table 5
Proportion of Dimensional (D), Haphazard (8), and Similarity (S)

Responses by Color Experts for Each Dimension Composing
the Hue-Chroma Stimulus Set in the Instructed

Classification Task (Experiment 4)

Results and Discussion
The training and instructions to classify by shared

dimensional relations using the size-brightness set yielded
dimensional classifications for Type 2, Type 4, and
Type 5 triads that approached 100%. Uninstructed clas
sification of the same stimuli previously yielded approxi
mately 82% dimensional responding (Burns et al., 1978).
That the present instructions produced significant in
creases in the dimensional analysis of even separable
stimuli is noteworthy and supports our assumption that
such instructions were well understood.

The proportions of dimensional, haphazard, and over
all similarity classifications for the hue-chroma stimulus
set are shown in Table 5. For Type 2 triads, the instruc
tions to classify by a shared dimensional level produced
a pattern of chance-level responding for triads that
presented a shared level on chroma (p > .05), and reli
able overall similarity classifications for triads that
presented a shared level on hue [t(II) = 3.02,p < .01].
The color experts classified by shared dimensional rela
tions on 10% of the shared-hue triads and 42% of the
shared-chroma triads. Type 4 triads revealed a different
pattern; triads presenting a shared level on hue yielded
a distribution that does not differ from chance (p > .05),
whereas the classificationsof triads that presented a shared
level on chroma yielded a significant proportion of dimen
sional classifications [t(II) = 4.3, p < .01]. The asym
metric pattern of dimensionalanalysis was evident in these
data (38%, hue; 76%, chroma), just as in those for Ex
periment 3.

Type 5 triads showed a reliable pattern of classifica
tion by shared dimensional levels for triads that presented
stimuli that shared either hue or chroma (ts > 3.2,
ps < .01). As in Experiment 3, the possibility that the
subjects had classified stimuli on the basis of a least
dissimilar rule was not supported by the data from these
triads.

General comparisonsbetween the color experts (Experi
ment 4) and nonexperts (Experiment 3) suggest that

Shared Hue Shared Chroma

Triad Type

Type 2
Type 4
Type 5

D H
.10 .42
.38 .30
.67 .07

S

.48

.32

.26

D

.42

.76

.69

H

.28

.08

.04

S

.30

.16

.27

neither special aptitude nor special experience played an
important role in the analysis of the attributes of color.
Both groups of subjects successfully analyzed stimuli that
shared a common chroma; neither group successfully ana
lyzed stimuli that shared a common hue. One may argue,
however, that color experts showed a trend toward analyz
ing chroma on Type 2 triads, since the experts' pattern
of classifications did not differ from chance, whereas the
majority of classifications by nonexperts were ones of
overall similarity (p < .05). Similarly, Type 4 triads in
which a shared level on hue was present yielded a
predominance of similarity classifications by nonexperts
and a pattern that did not differ from chance for experts.
In both cases the difference between nonexperts and ex
perts was in the direction compatible with our hypothesis.

More fine-grained analyses of our data suggest some
additional differences between the performance of color
experts and that of nonexperts. Table 6 shows the clas
sifications of both groups for Type 4 triads that included
stimuli with a common chroma, shown separately for
triads composed of stimuli with very low chroma levels
(chromas 2 and 4) and for those with medium-to-high
chroma levels (chromas 6-12). When stimuli are gener
ated by combining levels of chroma from the low end of
the scale, the subject's task is to identify a common
chroma in a set of achromatic stimuli (i.e., grayish). As
the chroma level increases, the stimuli become increas
ingly chromatic. As shown in Table 6, both color experts
and nonexperts were able to classify by shared dimen
sional relations regardless of the degree of chroma
presented in the stimuli (all ts > 3.01, ps < .01);
however, dimensional relations were more easily per
ceived in the triads composed of stimuli with medium
to-high levels of chroma. Moreover, at the medium-to
high levels of chroma, experts detected dimensional re
lations better than did nonexperts. An analysis of vari
ance for a mixed factorial design comparing the percent
ages of dimensional responses at two levels of chroma
(low and medium-to-high) and two levels of color exper
tise revealed a main effect of degree of chroma [F(I ,22)
= 23.98, p < .001] and an interaction of expertise and
degree of chroma [F(I,22) = 8.21, p < .01].

The fact that the color experts did better than the non
experts in recognizing chroma relations among the stimuli
is not particularly surprising and may be due to both skill
and experience. Differences between the two groups could
certainly arise due to individual differences in talent. Stu
dents who are admitted to the Rhode Island School of De
sign are selected, among other reasons, for their proven



artistic talent. Such talent could easily be correlated with
visual sensitivity to color. It is also likely, however, that
perceptual experience of the sort described by Gibson
(1969) could contribute to the difference. Although both
groups of subjects had a strong operational command of
the concepts of color dimensions, the color experts had
substantially more experience in analyzing aspects of
color.

GENERAL DISCUSSION

On the basis of our analysis of two types of judgments
of similarity (i. e., scaling and restricted classification
procedures), it is clear that current thinking concerning
the perceptual organization of color attributes should be
further revised. The general idea that color experiences
are not organized in terms of the independent psycholog
ical dimensions of hue, brightness, and saturation has al
ready been well established. Shepard (1964) described
color chips as unitary stimuli, which are processed as
homogeneous wholes, compared with analyzable stimuli,
which are analyzed into component dimensions. Gamer
(1970, 1974) further formalized and extended the notions
of unitary and analyzable stimuli in his distinction between
integral and separable stimuli. The present findings sug
gest a picture of the perceptual organization of color that
is a further refinement of the concepts of integrality and
separability. We have shown that particular attributes of
color stimuli combine with each other to produce vary
ing patterns of interaction in conscious perceptual ex
perience. These forms of dimensional interaction are mir
rored in the patterns of scaling data as well as in the
instructed restricted classification data.

Before discussing these findings in detail, it is neces
sary to clarify some general issues regarding our selec
tion of methodology and analysis. As stated above, the
distinction between integral, or unitary, stimuli and
separable, or analyzable, stimuli has had a long history.
One of the distinctions between these two stimulus types
is based on spatial metrics. The adherence of scaling data
to a Euclidean metric has been indicative of integral
stimuli, whereas the adherence to a city-block metric has
been indicative of separable stimuli. As Foard and Kem
ler Nelson (1984) pointed out, the distinction between Eu
clidean and city-block metrics has been associated with
the fundamental criterion of privileged axes initially
described by Gamer (1974) and Torgerson (1958). We
wish to focus here on the pattern of findings for spatial
metrics and integral stimuli. Color stimuli, often described
as the best example of integral stimuli, have been shown
by Torgerson (1958), Shepard (1964), Hyman and Well
(1967, 1968), and others to yield dissimilarity judgments
based on a Euclidean metric. Dunn (1983) recently
reviewed the scaling literature and concluded that, in fact,
the only dimensions that yield dissimilarity in terms of
a Euclidean metric are hue, saturation, and brightness.
In sum, the idea that the geometry of psychological space
(i.e., spatial metrics) can predict psychological integral
ity is well entrenched in the literature.
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Assumptions of Psychological Space
There is a serious problem with the use of spatial met

rics as a converging operation for the characterization of
stimulus structure. A number of assumptions about psy
chological space must be met before an analysis of the
geometry or metric of that psychological space is ap
propriate. One of the most basic assumptions, that of in
terdimensional additivity, has been shown in a number
of studies to be violated when the dimensions composing
objects are integral as defined by other types of tasks
(Bums, 1976; Bums et al., 1978; Krantz & Tversky,
1975; Wender, 1971; Wiener-Ehrlich, 1978). If the in
terdimensional additivity assumption is violated and two
dimensions interact in judgments of similarity, the appli
cation of combination rules or metrics for two indepen
dent dimensions is not meaningful. Given this is true, we
need to reconsider the previous work that established this
postulate that similarity judged according to a Euclidean
metric is diagnostic of integral stimuli. Clearly, if the un
derlying assumptions of psychological space are violated,
the adherence to a metric as part of an operational defini
tion for stimulus integrality is unfounded.

There are additional problems with the use of spatial
metrics and concepts of integrality. Several investigators
have shown that even when these assumptions about psy
chological space are met, detailed analyses of individual
spatial metrics do not distinguish between integral and
separable stimuli. Dunn (1983) showed that even similar
ity judgments of prototypical separable stimuli (i.e., Cir
cle size and angle of radial line) that do meet the assump
tions of interdimensional additivity (see also Bums et al.,
1978) do not satisfactorily conform to a city-block or Eu
clidean metric. Ronacher and Bautz (1985) also showed
that particular metrics should not be associated with par
ticular types of stimulus structure. In detailed analyses
of 27 subjects who judged dissimilarity of size-brightness
stimulus pairs, Ronacher and Bautz found that data from
13 subjects fit the city-block metric, data from 11 sub
jects fit the Euclidean metric, and data from 3 subjects
fit an intermediate metric. Eighty percent of these sub
jects produced data that supported the assumptions of in
terdimensional additivity. Clearly, the relationship be
tween acceptance of interdimensional additivity and spatial
metrics is not simple; acceptance does not imply the use
of a particular metric, but is simply a necessary condi
tion for the applicatior of a metric.

There is enough evidence to alter current thinking about
the use of spatial metrics for studies of stimulus integral
ity. Beginning with the work of Bums (1976; Bums et al.,
1978), the emerging pattern regarding concepts of stimu
lus structure and scaling procedures is one in which the
tests based on the ADMM can provide an alternative di
agnostic to spatial metrics for concepts of integrality and
separability. Since the tests of the ADMM are indepen
dent from tests of spatial metrics, the use of metrics may
be considered as a second step for dimensions that meet
such tests. It is proposed that similarity judgments of in
tegral stimuli violate the assumptions of dimensional in
dependence, in contrast to separable stimuli, which meet
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these assumptions. On the basis of the present findings
with three color sets, we can add that the form of viola
tion (e.g., symmetric vs. asymmetric interaction) can pro
vide additional information concerning internal represen
tation.

The Present Findings
In Experiment I, analyses of the patterns of dissimilar

ity judgments of each dimensional set reflected particu
lar types of interactions, as described by the ADMM. Data
from the hue-chroma set yielded an asymmetric interac
tion, in contrast to the mutual interaction shown by the
hue-value and value-chroma sets. The two-dimensional
scaling configurations for each stimulus set, although ap
propriate according to Munsell notation, do not reflect
these interactions and should not be interpreted as sup
port for dimensional structure.

The results of restricted classification in Experiment 2
support the claim that color stimuli are primarily perceived
as unitary integral wholes, and not as conjunctions of hue,
chroma, and value dimensions. Given triads of stimuli
such as those shown as Type 1 and Type 2 in Figure 3,
the subjects classified stimuli Band C together far more
than they classified A and B together. The former type
of classification is based on similarity on each dimension,
whereas the latter is based on identity on one dimension
and considerable dissimilarity on the other dimension.
Classification by overall similarity is typical of interact
ing dimensions, in contrast to classification by a shared
dimensional component, which is characteristic of per
ceptually separate dimensions (e.g., Bums et al., 1978;
Gamer, 1974; Handel & Imai, 1972).

In the data of Experiments 3 and 4 the profile of in
tegrality and perceptual modifiability for color stimuli be
comes clearer. These data indicate that subjects with ad
ditional training and considerable skill and talent cannot
perceptually analyze color stimuli in such a way that
shared levels on hue can be identified, but they can ac
cess shared chroma or shared value levels in the context
of variations of hue. Hue-chroma dimensional combina
tions produce stimuli that can be analyzed in such a way
that shared chroma relations, especially at moderate or
high saturation levels, can be detected in the classifica
tion task. In sharp contrast, the value-chroma dimensions
combine to produce stimuli that cannot be analyzed in the
classification task. Hue-value stimuli fall between these
two extremes; shared value can be identified in classifi
cation to a moderate degree (not as successfully as shared
chroma in the hue-chroma set).

Converging Operations
We believe that our findings in the present study re

veal new information about the convergence and sensi
tivity of dissimilarityjudgment and classificationtasks and
suggest a divergence of our tasks from Gamer's (1974)
converging operations that operationally define integral
(and separable) stimulus structure. Both of our tasks fo
cus on the ability to consciously analyze perceptual ex-

perience. As Smith and Baron (1981) pointed out, tasks
that focus on similarity relations (e.g., scaling and clas
sification) reflect consistent measures of a subject's ten
dency to respond on the basis of dimensional identity, and
not of the subject's ability to do so. In Experiments 1 and
2, we tapped adults' preference for processing informa
tion about the dimensions of color stimuli. In Experi
ments 3 and 4, we altered task requirements and focused
on the subjects' ability to extract shared dimensional iden
tities. The pattern of performance in the instructed clas
sification task, however, reflected aspects of the original
scaling data. This finding does not support the notion that
qualitatively different mechanisms are responsible for
adults' preference for processing information (or cogni
tive/perceptual style) and adults' ability to process such
information. Additional investigations are needed that fo
cus on the relationship between similarity judgments and
various classification procedures (both speeded and un
speeded) in order to better understand the process by
which objects are perceived and/or classified as similar
to or different from one another. We share the concern
of Smith and Baron (1981) and Dunn (1983) that current
models of processing that distinguish between integrality
and separability on the basis of converging operations are
too general and do not address issues concerning the com
monality or distinctiveness of such mechanisms or suc
cessfully account for experiences that influence the de
velopment of such mechanisms.

Our results may provide an alternative account for some
recent findings by Foard and Kemler Nelson (1984), who
also focused on the dimensional analysis of color. Foard
and Kemler Nelson's subjects were able to identify
whether pairs of stimuli varied on one dimension (e.g.,
valuel-chroma2 and value4-chroma2) or on two dimen
sions (e.g., valuel-chroma2 and value4-chroma4) of
color. Subjects rated the complexity of the two stimuli
(i.e., whether the stimuli varied on one dimension or two),
and overall similarity between the two sets of stimuli was
controlled to avoid the confound between complexity and
dissimilarity. The subjects were moderately successful in
recognizing stimulus pairs that were varied on one dimen
sion as compared with two dimensions. We are concerned
about whether such findings reflect subjects' abilities to
analyze dimensions of color into psychologically indepen
dent components. It seems that a true characterization of
the relationship between the ability to quantify dimensional
differences and the ability to identify shared dimensional
components will require studies that vary hue-value and
hue-chroma dimensions in addition to value-chroma
dimensions, as well as task demands.

The present results suggest that integral stimuli vary
in types of dimensional interactions. The differing types
of interaction are reflected in our subjects' ability to iden
tify identical levels on dimensions composing color
stimuli, as well as in their judgments of dissimilarity. We
suggest a new diagnostic for stimulus integrality, based
on the assumptions of the ADMM (Beals et al., 1968;
Krantz & Tversky, 1975; Tversky & Krantz, 1969, 1970).



This new diagnostic, which can specify types of interac
tions, represents a new level of refinement for charac
terizing perceptual organization and goes beyond the
previous concept of integrality. Further work is needed
to characterize the relations among the various factors ex
plored in the present study (i.e., stimulus characteristics,
task demands, subject factors) and the common and dis
tinctive mechanisms underlying such factors.
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NOTES

I. As is traditional in this research area, we have employed the terms
hue, brightness, and saturation to refer to the psychological dimensions
of color. As described by Wyszecki and Stiles (1982), the technically
correct terms are hue, lightness, and chroma.
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