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ABSTRACT

In this paper we examine the judged similarity among the eight basic focal colors, and
their names, among female and male Chinese (n D 68) and English (n D 52) speaking
respondents. The major � ndings are: (1) all respondents share approximately sixty percent
of their knowledge of the judged similarity structures of both semantic and perceptual
tasks, (2) there are genuine individual differences among respondents that account for
about fourteen percent of their knowledge on average, (3) there are small but statistically
signi� cant gender differences that come to about three percent on average, (4) there are
small but statistically signi� cant differences between Chinese and English respondents of
about one-and-a-half percent, (5) there are differences in the semantic structure of the
names of colors as compared to the judgments of the color samples that amounts to about
� ve percent, and (6) there is about a three percent difference in the paired comparison task
and the triads task. The results place strong constraints on theories relating to individual
differences, linguistic relativity, and the relation of perceptual and semantic structures for
colors.

KEYWORDS

Universals, language, cognition.

¤The research was supported in part by National Science Foundation Grant SBR-
9730831 to C.C.M. and in part by National Science Foundation Grant SBR-9631213 to
A.K.R. and W.H. Batchelder. Correspondence concerning this article should be addressed
to Carmella C. Moore, Department of Cognitive Sciences, University of California, Irvine,
California 92697-5100 . E-mail: ccmoore@uci.edu.

¤¤Department of Cognitive Sciences, University of California, Irvine, CA 92697-5100 .
¤¤¤School of Social Sciences, University of California, Irvine, CA 92697-5100 .

c° Koninklijke Brill NV, Leiden, 2002 Journal of Cognition and Culture 2.1



2 CARMELLA C. MOORE ET AL.

Introduction

The domain of colors and color terms constitutes a strategic � eld of
investigation because it is central to a number of current theoretical issues
across several of the social sciences. Since the landmark study on the
evolution of color terminology by Berlin and Kay (1969) anthropologists,
psychologists, and linguists have debated the existence of universal basic
colors and the extent to which the evolution of color terminologies follows
universal regularities in all languages. Their work stimulated an impressive
amount of research and has been cited over 700 times. We cannot review
that work here although much of it is reviewed in one way or another
in the collection edited by Hardin and Maf� (1997), and Maf� (1999)
published an updated 116 item bibliography in the reissue of the original
Berlin and Kay (1999) monograph.

One central question, as judged by the number of controversial
articles, seems to revolve around the so-called Sapir Whorf hypothesis
of linguistic relativity versus linguistic universals with respect to color (see,
e.g., Kay & Kempton, 1984). Fifty years ago there was little empirical
evidence (although see Berlin & Kay, 1999, Appendix II on 19th century
history of color work) as to whether different languages classi� ed colors
in basically similar ways or, to phrase it in anthropomorphised fashion,
each language was free to classify colors in any way it desired. There are
ethnographic studies of several individual societies (e.g., Conklin, 1955;
Heider, 1972; Heider & Olivier, 1972; Levinson, 2000) that show rather
clearly that languages need not have elaborate color terminologies. The
critical question is whether, when a language does develop a color lexicon,
there is a universal tendency for languages to lexically label similar areas
of the color space in similar ways.

The major thrust of the Berlin and Kay study is that all languages
tend to acquire terms for various colors in a similar order and that the
color terms in different languages refer to the same speci� c areas of the
color space, i.e., that there are universal constraints (or regularities) on
color terminologies (see Kay & Maf� , 1999 for a recent summary). In their
scheme, for example, in those languages that have the full set of eleven
“basic” color terms, the terms would label similar areas of the color space.
That is, “red” in one language would correspond to the same area of
the color space as would “red” in another language, and so on for all
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the “basic” color terms. One might infer from this that judged similarity
structures among colors ought to be similar across cultures, an hypothesis
we investigate further below. Of course languages may also develop a large
repritoire of color terms and modi� ers beyond the basic set. The difference
between the basic terms and the additional terms may be ambiguous on
occasion but the distinction appears to be very useful in practice.

Another topic raised by the Berlin and Kay study is the question
of the amount of within culture variability compared to between culture
variability. They say, for example, that “controlling for the number of
terms, two informants speaking the same language are, on the average, no
more similar than two informants speaking different languages” (Berlin &
Kay, 1999, p. 12). That is intracultural variability is at least as great as
intercultural variability. This leads naturally to the question of the amount
of true individual differences between speakers. In a previous study we
found considerable individual differences in the judgments of similarity
among color stimuli and color terms (Moore, Romney & Hsia, 2000).

We are also interested in other aspects of color terms and color stimuli
beyond those raised by the Berlin and Kay work. A few examples that
have in� uenced the design of this study may be noted. Anthropologists
have reported that judged similarity structure among color stimuli are
different for males and females (Furbee et al., 1997). In a study of unique
hues, “slight discrepancies in the means between females and males and
somewhat larger discrepancies in the ranges” was found by Kuehni (2001,
p. 26).

Psychologists have found that in many domains, including color, that
“judgments of similarity among objects are essentially the same whether
the objects are presented or only named” (Shepard, 1975, p. 96; Shepard
& Cooper, 1992). Philosophers have long speculated on the question of
qualia, for example, whether the green seen by one person is the same
as the green seen by another person (Block & Fodor, 1972; Searle,
1992). While our work does not directly answer the qualia question, it
does provide an answer to a closely related question, namely, are the
relationships among a set of colors the same for one person as for another
person.

In this paper we compare judgments of similarity among eight basic
chromatic colors (excluding black, white, and gray from the eleven
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basic color terms of Berlin and Kay) using names of colors as well
as color samples as stimuli. The data were collected from male and
female Mandarin Chinese speaking participants in Taiwan, and from male
and female monolingual English speaking participants in California. Two
measuring tasks were used: a paired comparison rating task of the 28 pairs
of eight colors, and a triadic comparison of the 56 triads formed by eight
colors. This study is designed to investigate the following questions about
the perceptual and semantic structures of color: (1) To what extent do the
two cultures with radically different languages share the same structures?
(2) To what extent do females and males share the same structures? (3) To
what extent do individuals have different structures? (4) How different are
the results obtained from paired comparisons from those obtained from
the triads test? (5) To what extent are the semantic structures (of names
of colors) the same as the perceptual structures (of the color samples)? An
important feature of our approach resides in the fact that we quantify the
size of effects in answering these questions.

The Participants

We conducted our study of Taiwanese participants in Taiwan using
Mandarin speaking Chinese at the National Chengchi University in Taipei.
Responses were obtained from 35 females and 33 males, and of the 68
participants 59 were Chengchi University students, six were librarians
working for the University and three were alumni. All had normal color
vision based on the Ishihara color plates (Ishihara, 1997). All were � uent
in Mandarin and most of them also knew Taiwanese, a dialect of Chinese.
They had all been exposed to English beginning in junior high school at
about 12 to 14 years of age. None learned any English before the age of
eight and none would be classi� ed as bilingual, although a couple of dozen
say they can speak English. The average age of the participants was 22.5
years old. Participants were paid the equivalent of about ten U.S. dollars
for their participation.

The English speaking participants were students at the University of
California, Irvine who were monolingual English speakers. Responses were
obtained from 25 females and 27 males. All were students at the University
of California, Irvine and had normal color vision based on the Ishihara
color plates. They all received course credit for their participation.
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Materials and Study Design

We use Boynton and Olson’s (1987) de� nitions of eight chromatic focal
colors (excluding gray, white, and black, and retaining blue, brown, green,
orange, pink, purple, red, and yellow) as identi� ed in the Optical Society
of America (OSA) system (Nickerson 1981) as color sample stimuli. In the
Boynton and Olson study nine subjects named each of the 424 different
OSA color chips under carefully controlled conditions. Reaction times for
this naming task were recorded. Consensus colors were de� ned as color
chips given the same name by all subjects. The focal colors were de� ned
“as those samples, named with consensus, that exhibit the shortest response
times within their categories” (Boynton & Olson, 1987, p. 99).

In this study each participant completed four tasks: (1) a triads task
using color terms as stimuli, (2) a paired comparison rating scale task using
color terms as stimuli, (3) a triads task using the colors as stimuli, and
(4) a paired comparison rating scale task using the colors as stimuli. In
the triads task all 56 possible triadic combinations of terms or colors were
presented with the instruction to pick the color (term or sample) most
different from the other two. In the paired comparison rating scale task,
the 28 possible pairs of colors (terms or samples) were presented with the
instruction to rate the similarity between them on a rating scale from 1
(most different) to 7 (most similar). In the color sample tasks, printed stimuli
were prepared that matched the OSA color chips as nearly as possible by
visual inspection iterated over many trials by the researchers and were
printed with an inkjet printer. Lighting effects were not controlled. In the
tasks using terms, English color words were used in the United States and
Chinese characters were used in Taiwan. The order of items in the tasks
was individually randomized for each participant. The order of the tasks
was also randomized across subjects. The names of the colors, the OSA
coordinates of the focal colors, and the Chinese characters used in the study
are shown in Table 1. Figure 1 shows examples of the two kinds of stimuli
used for the color paired comparison and the triad color tasks. Because of
printing limitations the colors used in Figure 1 are only approximate.

The names of the colors in English are the eight basic colors (excluding
black, white, and gray) listed by Berlin and Kay (1999, p. 94). Berlin
and Kay list only four of these terms (again excluding black and white)
for Mandarin (area China, North China), namely terms for blue, green,
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Table 1

The names of the colors, the OSA coordinates of the focal color samples, and the Chinese
characters used in the study.

English word Focal Chinese character
coordinates

L j g

blue ¡6 ¡4 2

brown ¡6 2 ¡2

green ¡1 5 5

orange 0 6 ¡6

pink 3 ¡1 ¡5

purple ¡4 ¡4 ¡2

red ¡4 2 ¡8

yellow 4 12 0

Figure 1. Examples of the stimuli used for respondents to make comparisons
among colors with the paired comparison samples on the left and a sample triad
on the right. The colors are not exactly as they appear in the experiment due to

reproduction imperfections.

red, and yellow (1999, pp. 84-85). We would de� nitely add the term for
purple to the basic list on the basis of extensive interviewing in Taiwan.
The term for pink that we used has a pre� x that may be glossed as
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“powdery” combined with the term for red; the characters used could be
loosely translated as “light red.” The term for orange is used very much
as in English. Finally the term “coffee” is used in a manner similar to
orange except that it refers to brown. We also note that in writing Chinese
characters that all terms used as a color referent have a color classi� er
character added as a kind of suf� x denoting color as shown in Table 1.
The use of these eight terms facilitates the comparison of terms and colors
for both Mandarin and English in the same Euclidean space. We might
note that any errors we make in the interpretation of these terms adds to
the error variance of our study.

Results

Recent advances in scaling and psychometric measurement methods make
possible precise comparisons among semantic structures and perceptual
structures of colors. We de� ne a semantic structure as a cognitive
representation in which the meaning of the terms, names of colors in
this case, relative to each other is represented in Euclidean space. The
meaning of an item is de� ned by its location relative to all the other
items. The perceptual structure is de� ned as a cognitive representation in
which the similarity among perceptual objects, color samples in this case,
relative to each other is represented in Euclidean space. The perceptual
similarities among colors is de� ned by their location relative to other colors.
Our methods facilitate the comparison among semantic and perceptual
structures by scaling them into a common Euclidean space. The estimates
of the structures are obtained by scaling judged similarity data to obtain a
representation in which names of colors and color samples that are judged
more similar are closer to each other in the representation than items that
are judged less similar. The methods make it possible to scale the semantic
structures of any number of individuals, including repeated measures of the
same individual, into a common Euclidean spatial representation. Since the
methods have been described and illustrated in detail in a series of recent
articles (Moore, Romney & Hsia, 2000; Moore et al., 1999; Romney,
Moore & Brazill, 1998; Romney, Moore & Rusch, 1997; Romney et al.,
1996; Romney et al., 2000) we will not repeat them here.

Figure 2 illustrates the representation that results from scaling all
four tasks for each of the 120 participants into a common Euclidean
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Figure 2. The placements of all participants for all tasks after scaling, rotation,
and sizing. For comparison the focal colors (gray � lled squares) are shown. The
scattering within each color category is due to language variability, task variability,
and true individual differences, in addition to the usual sampling variability and

error variance.

spatial representation. We obtained the scaling results by stacking the 480
matrices (four tasks for each of the 120 participants), each containing the
judged similarity data for a speci� c task from a speci� c participant, and
applying correspondence analysis (see Romney, Moore & Brazill, 1998,
for methodological details). The only novel feature of the representation
in Figure 2 is that optimal scores from the correspondence analysis were
rotated and rescaled into a best � t to the three OSA dimensions L, j,
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and g of the focal colors for comparison with Boynton and Olson (1987).
In Figure 2 the placement of the focal colors is shown as gray squares.
The rotation and rescaling were implemented with a Procrustes rotation
(Schonemann, 1966) using SYSTAT 8 (Wilkinson, 1999). The L dimension
is not discussed in this paper, although the � t is only slightly less than for
the two dimensions considered here.

Note that the points representing each color show a clear pattern
of placement with considerable variability beyond the main pattern. In
the following section we quantify the various sources of the variability of
the placement of the points. We calculate the variability associated with
the following sources: (1) the central patterning of the points represents a
consensus structure shared among the 120 participants and the four tasks
completed by each, (2) true individual differences among participants, (3)
mode, or the difference in responding to names of colors versus samples
of colors, (4) task, or the difference between measures obtained with the
triadic task versus the paired comparison task, (5) gender differences in the
responses of females and males, (6) language differences between Mandarin
and English speakers. In addition to these factors some variability remains
unaccounted for and is due to such factors as sampling and error
variance.

Figure 3 (A-D) shows visually the effects of mode (A), task (B), gender
(C), and language (D) on the mean placement of the terms and samples
of colors. The ellipses represent 99% con� dence limits around the mean
of each distribution on the assumption of bivariate normal distributions.
In Figure 3A note that the overall patterns for terms and colors are quite
comparable although there are some noticeable differences and regularities.
With the exception of yellow most of the positions of the ellipses for names
are somewhat on the outside of the picture with respect to those for
colors. On average judging similarity of terms of colors was about 5%
easier than judging the similarities of color samples. This results in the
participants having more agreement on the term tasks than on the color
tasks. This phenomena is illustrated in earlier work on kinship structures
where we compared the 10 participants with the most agreement with
the 10 participants with the least agreement. The positions for those with
most agreement were on the outside of the plot relative to those with least
agreement (Romney et al., 1996:4702, Fig. 4). As we wrote:
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Figure 3. Each panel compares 99% con� dence ellipses between two groups:
3A Mode: shows names of colors in red and color samples in blue; 3B Task:
shows paired comparisons in blue and triads in red; 3C Gender: shows females in
red and males in blue; and 3D Language: shows Chinese respondents in red and

English respondents in blue.

An inherent characteristic of the method is that as agreement declines among
subjects the ellipses get larger and at the same time drift to the center of
the � gure. In the case of no agreement, all the ellipses would be large and
centered on the midpoint of the diagram. (Romney et al., 1996:4702-4703 )
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The result shown here is not due to order of presentation as the order of
tasks and stimuli were randomized across subjects.

Figure 3B shows the general placement of the ellipses for the triads
task and the paired comparison task as very similar since all the pairs of
ellipses for the two tasks are overlapping or touching each other. Figure
3C shows a pattern for gender, similar to that seen in Figure 3A, that
places the ellipses for females generally further out than for males. The
same explanation as given above for the pattern seen in Figure 3A seems
appropriate since females have about 4% more agreement than males.
In Figure 3D the difference between languages is fairly modest with the
Chinese participants making less distinction between pink and red than do
the English participants.

Culture Consensus Theory and Cultural Knowledge

Figure 3 presented a visual comparison of the main effects on the semantic
and perceptual structure of color. We turn now to an analysis of the
similarities and differences among the participants and the four tasks
completed by each participant. For example, suppose we ask the question
of how similar or different the Chinese participants are compared to the
English participants. In order to answer that question we begin with the
premise that people in all cultures hold concepts in their minds about
a variety of semantic and perceptual domains such as animals, colors,
emotions, and kin terms. We further posit that within any given domain,
the concepts vary in the extent to which they are similar to each other in
meaning. The meaning is de� ned as the relative location of the concepts
in a semantic or perceptual structure (see Romney & Moore, 1998, for
theoretical discussion). The structure is empirically de� ned on the basis of
judged similarity on tasks such as triads and paired comparisons. Figure 2
is a representation of 480 semantic and perceptual structures de� ned in
terms of judged similarity data. The aim of this section is to present
comparisons among selected subsets of the 480 “pictures” or con� gurations
of the structure of color terms and color samples by language, gender, etc.

In order to compare participants and tasks we need an index or
measure of how similar each picture is to each other picture. We use
correlation as our basic measure of similarity. The correlation is computed
from a vector of 28 interpoint distances obtained from the coordinates
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of the three dimensional representations plotted in Figures 2 and 3. This
results in a 480 by 480 matrix of correlations among all participants and
tasks. The following paragraphs describe how we use this correlation matrix
to obtain estimates of the magnitude of the various effects we are interested
in, namely, language, gender, mode, task, and individual differences.

We begin with a comparison of the semantic and perceptual structures
of color between Chinese and English participants. A recent paper derives
methods for such an analysis (Romney, Moore, Batchelder & Hsia 2000).
In this section we use mean correlations within and between groups to
answer such questions. In this perspective each participant is viewed as
having some knowledge (to be estimated from the data) of a cultural
pattern, e.g., the meaning of color terms. The pattern of agreement
among participants as measured by the mean correlations within a group
re� ects the degree of knowledge of the group members (for background of
culture consensus see Romney, Weller & Batchelder, 1986; Batchelder &
Romney, 1988; Romney & Batchelder, 1989; Romney, 1999). We build
on assumptions that are widely used in psychometrics (Nunnally, 1994) and
that trace back to Spearman’s work early in the century (1904). The � rst
assumption is that the magnitude of the mean correlation among a set of
participants indicates the extent to which a common shared pattern exists.
The second assumption is that the correlation between two subjects, i and
j , is the product of the correlation of each subject with the relevant shared
cultural pattern, or the “truth”: that is, using “t” for the culturally shared
pattern, rij D rit rj t . The magnitude of the rit for each subject may be
interpreted as measuring his or her cultural knowledge. Our con� dence in
such an inference increases as the magnitude of the correlations between
individuals increases and the variance between individuals decreases.

A consequence of these assumptions is that the square root of the
average correlation within any given category of participants (e.g., Chinese
or English) is an approximation of the average knowledge of the relevant
cultural pattern among participants within the group (Moore et al., 1999;
Romney et al., 2000). We can obtain these correlations by characterizing
each of the four tasks for each of the 120 participants as a vector of the 28
interpoint Euclidean distances computed from the three dimensions (with
the � rst two being represented in Figures 2 and 3) from the correspondence
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analysis. This results in a 480 by 480 correlation matrix among the four
tasks for the 120 participants.

The square root of the mean correlation within the English participants
is .616 which may be interpreted as the mean agreement or cultural
knowledge of the English participants. This means that, on average,
each English participant “shares” 61.6% of cultural knowledge with other
English speakers. The corresponding � gure for the Chinese participants is
60.8%. In order to determine whether the two groups of participants are
similar or different, i.e., how much difference does language and culture
make in the meaning of colors, we need to look at the mean correlation
between participants speaking different languages. If this � gure is low then
there are large differences between groups whereas the higher it is, the
less difference there is between the two groups as a whole. The square
root of the mean correlation among participants of different languages is
.596, or 59.6%. This is to be compared to the weighted mean of the within
language groups which is 61.1%. This may be interpreted as indicating that
participants from the different languages share 59.6% of their knowledge
while they share 61.1% of their knowledge with participants speaking the
same language. The difference of 1.5% is the effect of the language and
cultural differences in the way participants judge similarities among terms
for color and color samples.

Table 2

Effect size of different sources of cultural knowledge for the average respondent estimated
from mean correlations within and between various groups stated as percents.

Source of Knowledge Chinese English Overall

A. Additive factors
Universally shared 59.6
Language 1.5
Individual differences 13.2 15.7 14.4
Residual error 24.5
Total 100.0

B. Non-additive factors
Gender 4.0 1.1 3.0
Color vs. words 7.1 1.9 5.2
Pairs vs. triads 2.9 3.7 3.3
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Figure 4. Pie chart showing relative contribution to the knowledge of an average
respondent of the following factors: a common universally shared part, that due
to a common language, individual differences, and the unexplained sampling and

error part.

The square root of the average correlation among the four tasks of
all individuals is .755 or 75.5%. The difference between this � gure and
the 61.1% within language � gure given above represents true individual
differences, i.e, participants have individual differences in knowledge over
and above that shared with other participants. This difference is 14.4%
of the total knowledge of each participant, far greater than the effect of
language difference alone. We have applied these kinds of calculations to
all possible effects in the research design and present the results in Table 2
and the pie chart in Figure 4. The individual differences are larger than
all the other difference effects combined.

Analysis of Variance (ANOVA) of Participants

Further information about the statistical signi� cance of the � ndings may
be extracted from the 480 by 480 correlation matrix with an appropriately
designed ANOVA. For such an analysis we computed the � rst three
principal components of the correlation matrix among individuals via a
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Figure 5. The ellipses are 99% con� dence limits of the mean of selected groups.
Panel A shows Language and Gender while Panel B shows Mode and Task.

singular value decomposition with components weighted by the square root
of the singular values. The singular values of the � rst three components
accounted for 39.2%, 13.4%, and 8.8%, respectively, for a total of 61.5%
of the total variance.

Figure 5 (A and B) displays the placement of all tasks and participants
on the second and third principal components. Figure 5A gives a visual idea
of how much difference there is between participants of different languages
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and gender across all tasks. The ellipses indicate the 99% con� dence
regions around the mean for the speci� ed groups on the assumption of
bivariate normality. In Figure 5A there is a noticeable difference between
the female and the male Chinese participants on component 2. The
difference for the English participants is much smaller although in the
same direction. The Chinese participants tend to be above the English
participants on component 3. In Figure 5B the color terms task is nearly
identical for both methods of comparison and clearly to the left of the
color sample comparison on component 2.

The impressions for the visual comparisons just reported were tested
for statistical signi� cance with a repeated measures ANOVA (Rosenthal
& Rosnow, 1991) with each of the three retained principal components
as a dependent variable. The design for the ANOVA treated gender and
language as a between subjects source of variance while mode (terms versus
sample colors) and task (triads versus paired comparison) were treated
as within subjects sources of variance. Table 3 shows the results of the
ANOVA. Dimension 1 is basically a knowledge dimension as discussed
above. The direction of the differences for gender in Table 3 show that
females are signi� cantly higher on cultural knowledge than males; on
mode, the judgement of color terms is easier than for color samples; and
on task, the paired comparison task is easier than the triad task.

An examination of the results in Table 3 con� rm our impressions
obtained from Figure 5. Component 2 shows signi� cant effects for all
reported variables except language which is signi� cant on component 3.
The F value for mode (terms versus colors) is the largest effect found
on both component 1 and 2. A careful comparison of the visual plots
with the ANOVA is instructive in showing how closely the geometric
representation captures the patterns revealed in the ANOVA and visa
versa. The magnitude of the effects in Table 2 are estimated with eta.1

As statistically signi� cant as the ANOVA results are, most of the etas
are rather low. The ANOVA results should be compared with those from

1There are alternative ways of calculating eta and we have used the following formula
from Rosenthal and Rosnow (1991, p. 323):

eta D

s
.F ¢ dfbetween/

.F ¢ dfbetween/ C dfwithin
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Table 3

Repeated measures analysis of variance results on 120 respondents with gender and
language as between subjects and mode and task as within subjects sources of variance.
Mode is difference between names of colors and color samples while task is difference
between paired comparison ratings and triadic comparisons. The dependent variables are
the �rst three dimensions of a principal components analysis of the similarity among

subjects. Non-signi�cant higher order interactions are merged in error term.

Source of Variance df MS F eta

Between Subjects for Principal Component 1
Language 1 0.004 0.078 0.026
Gender 1 0.554 10.782** 0.292
Language*Gender 1 0.036 0.708* 0.078
Error 116 0.051

Within Subjects
Mode 1 0.263 12.681** 0.309
Error 119 0.021
Task 1 0.284 11.886** 0.301
Error 119 0.024
Mode*Task 1 0.089 7.072* 0.237
Error 119 0.013

Between Subjects for Principal Component 2
Language 1 0.027 0.107 0.030
Gender 1 2.375 9.519* 0.275
Language*Gender 1 0.996 3.990 0.182
Error 116 0.250

Within Subjects
Mode 1 10.234 163.780 ** 0.762
Mode*Lang.*Gender 1 0.899 14.384** 0.330
Error 118 0.062
Task 1 0.388 9.863* 0.277
Error 119 0.039
Mode*Task 1 0.423 9.156* 0.268
Error 119 0.046

Between Subjects for Principal Component 3
Language 1 2.596 13.214** 0.320
Gender 1 0.014 0.070 0.025
Language*Gender 1 0.820 4.175 0.186
Error 116 0.196

Within Subjects
Mode 1 0.006 0.104 0.030
Error 119 0.054
Task 1 0.336 8.011* 0.251
Error 119 0.042
Mode*Task 1 0.278 9.216* 0.268
Error 119 0.030

Note: ** indicates P < .001, * indicates P < .01.
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Figure 6. A scatterplot showing a clustering effect among the four tasks
for selected Mandarin (red) and English (blue) speaking respondents. Different

individuals in each language represented by squares, circle, and triangles.

the mean correlations in the previous section of the paper. The size of
the individual differences found there is larger than the combined effects
of gender, language, mode, and task. The individual differences, in turn,
are small compared to the very considerable magnitude of the universally
shared portion.

Figure 6 gives an idea of the individual differences by plotting the four
tasks for a small number of selected participants. In Figure 6 all the points
are in the same position as in Figure 5A and 5B. Three participants from
each language group are highlighted. The aim is to illustrate the fact that
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each individual tends to perform in a similar way on all four tasks. Recall
that points close together in the � gure are more similar in structure than
points further from each other. The Chinese participants are shown in red
while the English participants are shown in blue. The circles, squares, and
triangles represent the three participants from each language.

General Comments about Color, Color Terminology, and
Universalality

The results discussed above may be summarized very simply as indicating
that participants from Taiwan and the United States judge the similarity
among colors in very similar ways. It does not make a great deal of
difference whether the names of the colors or the color samples are used
as stimuli. It does not make a great deal of difference whether one uses
triads or paired comparisons to collect the data. It does not make a great
deal of difference whether one collects the data from females or males.
Finally, there are sizable (bigger than the sum of the task, mode, language,
and gender differences put together) differences among individuals. Our
previous study on an independent group of Chinese and English females
show these same results (Moore, Romney & Hsia, 2000). Our studies have
stimulated us to sample the recent literature on linguistic relativity versus
universalality with respect to color and color terms. The following are our
views of the issues and pitfalls in this highly controversial area, with special
reference to the Berlin and Kay evolutionary hypothesis and the many
research questions it has generated.

We should make clear in advance that in general we believe that
Berlin and Kay are fundamentally correct. There may be many errors in
the details but the idea that there is an evolutionary sequence of terms,
and that, as basic color terms are added to a lexicon, their color foci are in
similar parts of the color spectrum in different languages, seems basically
correct. The implications of the Berlin and Kay theory are the focus of our
discussion. Our views are part of the struggle to eventually reach consensus
about these important topics.

First, languages may or may not have developed an elaborate
color lexicon concerning what we generally mean when we use the
concept of color. It is possible that some languages may not have a
systematic lexicon of color terms. We are convinced by the several reports



20 CARMELLA C. MOORE ET AL.

that describe languages that do not elaborate color terminology to a
very large extent. This point seems now well established. An example
would include Levinson’s (2000) recent report on the Yeli. We agree
with Levinson’s position that some languages may not have an extensive
color lexicon. However we believe that the weight of evidence supports
certain regularities and constraints on the structure of color lexicons as
they develop and evolve.

Second, in our view not all parts of the color space are equally
likely to be named. One piece of evidence may be found in Figure 7
adapted from MacLaury (1997, p. 202) which shows radically different
frequencies of color foci in different Munsell hue areas. The distribution
is based on 10,644 color term foci collected from 107 languages. Clearly
in the World Color Sample, different parts of the color spectrum are not
equally likely to receive names. MacLaury, following Berlin and Kay, used
only the “outside” of the color space which included, by and large, the
most saturated colors available for each hue and value (brightness) level in
the Munsell color space. Had the Berlin and Kay array included interior
parts of the color solid the results obtained by MacLaury would be even
more striking. One advantage of the Boynton and Olson (1987) naming
study that used the OSA system is that both the interior and exterior parts
of the color spectrum were sampled with equal coverage. We might note
that of the eight focal colors as de� ned by Boynton and Olson used in this
study, seven are on the outside of the color space while the eighth, orange,
is only one level in from the outside.

Third, a closely related point to the above is, not all parts of the
color space need to be named at all, even in languages that have a
full complement of color terms. This means that one does not “partition”
the color space in a strict mathematical sense of dividing it into mutually
exclusive and exhaustive categories. Examples of the tendency to present
both theory and data as complete partitions of the Munsell color array that
was used in the � eld trials of the World Color Survey include MacLaury
(1997), Hardin (1998), Kay and Maf� (1999), and Kay and McDaniel
(1978). For example, Hardin illustrates a schematic representation of
the Kay-McDaniel sequence in a � gure with eight Munsell color array
mappings that are each a complete partition of the sample space (1998:213,
Figure 11.2). To explain an evolutionary sequence virtually requires that
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Figure 7. Distribution of 10,644 World Color Sample color terms across Munsell
color array adapted from MacLaury 1997, p. 202, Figure 1.

there are some parts of the color solid that somehow stand out more than
other parts. For example, saturated colors may be more likely named than
unsaturated colors.

These � rst three observations have been made by many other
investigators and are not original with us. Basically they are borrowed
from and af� rm the work of Kay and Maf� (1999) and Kay (1999). These
papers explicitly formulated a hypothesis covering our � rst two points and
urged that it be put to test by objective scienti� c study. In their “Emergence
Hypothesis” Kay and Maf� (1999) clearly elucidate the notions that not
all languages have a full lexical coverage of the color space and that some
salient areas of the color space are more likely to be named than other less
salient areas.

Another unfortunate tendency produced by the notion of partitioning
the color space is that it tends to draw attention to the boundaries of the
partition rather than to the “prototype” area. This is important enough to
deserve emphasis by making an independent point.

Fourth, it is more productive to focus on color foci than on
color boundaries. Historically the idea of using boundaries goes at least
as far back as Ray’s comment: “Comparative work may be facilitated if
color units are designated in terms of boundaries rather than midpoints”
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(Ray, 1952, p. 255). There are very strong methodological and theoretical
reasons that lead us to believe that Ray, and those following his example,
may not have followed the most fruitful line of conceptualization. There
may be situations in which it is important to focus upon a speci� c boundary
problem, but in general focal points are much easier to quantify than
boundaries, especially when dealing with several colors at a time.

From a methodological view it is much easier to measure and quantify
a single point in a coordinate system. No one has � gured out how to
quantify a whole system of boundaries in a two dimensional plane, let alone
the whole three dimensional color space where one is dealing with volume
rather than areas in a plane. The rather precise measurements of effects
in this paper would not be possible using boundaries as the focus. Without
quanti� cation we cannot resolve questions involving magnitude of effects,
which is the main scienti� c task. From a theoretical view of prototypes, and
other cognitive theories of categories, the focus of attention is on the center
rather the boundaries of concepts. Thus if we are to relate anthropological
� ndings of color categories to those in neighboring sciences it will be more
likely to be by comparing central locations rather than boundaries.

One simple example of the difference in perspective obtained by
looking at the foci of colors or looking at the boundary of colors may
be obtained from an examination of the � gure in Davidoff, Davies &
Robertson (1999, p. 203). Their � gure shows the distribution of English
and Berinomo color names using the standard Munsell array. They have
partitioned the whole set of 160 chips into the eight chromatic color terms
for English and into three chromatic color terms for Berinomo (plus words
for black and white that extend somewhat beyond the English counterparts,
see Roberson, Davies & Davidoff, 2000 for details). The visual comparison
of the English and Berinomo � gures looks radically different. However, if
you look at where the foci (the chip most frequently designated as the best
example of the category) of the three chromatic colors are located, they
are in the identical position of their English counterparts except for green
which is adjacent to its English counterpart. The fact that the three colors
come early in the Berlin and Kay scheme and that the foci of all three are
so close to English (and many other languages) seem to us to be the salient
message of the Berinomo data.
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Fifth, individual differences will become an increasingly im-
portant research area. Individual differences are receiving increasing
attention in the vision literature. Recent examples include Cicerone &
Nerger, 1989; Jameson, Highnote & Wasserman, 2001; and Kuehni, 2001.
In a careful laboratory study with 40 observers Kuehni reports:

It is apparent that when two color normal individuals look at a re� ecting
sample under identical conditions of viewing, they may not experience the
same color. For unique hues this can be shown with minimum ambiguity,
because judgments, for example, if a blue contains redness or greeness are
relatively easy, especially if a change of hue series of colors is displayed, such
as in this experiment. Based on the results, the individual difference can be
up to 4 Munsell 40 Hue steps. (Kuehni, 2001, p. 63)

Thus, when Levinson (2000) reports that both intra- and interindividual
variation in color naming tasks among Rossel language speakers was very
large and seemingly unpatterned, we would argue that all the evidence so
far collected (including our own studies of Chinese and English speakers)
suggest that this kind of variation is normal and should be expected (e.g.,
Sturges & Whit� eld, 1995). Further, we would argue, unlike Levinson, that
this evidence does not, in itself, diminish the general outline of basic color
term theory as put forward by Berlin and Kay.

We do not know at this point in time what accounts for the individual
differences; they may very well lie at the level of the genetics of the visual
system. We note, however, that we don’t think, as has been suggested by
Furbee et al. (1997) in their study of English speakers, that “eye color,”
per se, is responsible. In both of our recent studies of Chinese and English
speakers (the present study and Moore, Romney, and Hsia, 2000), the
Chinese, who were all “dark” eyed, show the same order of magnitude of
individual differences as do English speakers, who were represented by all
colors of eyes, including blue. Our study is directly comparable to Furbee
et al.’s in many respects, and it seems unlikely, given our � ndings, that eye
color accounts for the phenomena.

Sixth, all data should be considered to have a large random
error component arising from a variety of random effects. That
means, among other things, that no theory will account for all of the
data. To attempt to account for every last case leads one into an endless
cycle of accounting for meaningless residuals of random process and pure
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error (e.g., a typo by a secretary when entering data). In this study
there is a residual of about a quarter of the data that is the result of
unknown sampling variability, unknown bias factors, experimenter effects,
uncontrolled lighting, unmotivated participants, etc. An examination of our
Figure 2 illustrates how much variability exists in empirical data. Although
we are using similarity judgments, there is no reason to suppose color
naming is any less error free.

Seventh, focus of study should be on estimating, i.e., quan-
tifying and measuring, the amount or size of the effects rather
than taking a polar position or asking if there is an effect. For
example, if one were to simply test whether or not there is a language or
gender effect in the present data, they would � nd that both have signi� -
cant effects by conventional statistical tests. It would be easy to assume that
since language, for example, is highly statistically signi� cant, that linguis-
tic relativity is more strongly supported than linguistic universals. In the
present data there is evidence for both a widely shared portion pointing to
some universal tendency (about 60%) and a unique portion due to linguis-
tic differences (less than 2%). Instead of arguing an all-or-none polarized
position it would be well to measure more and more accurately the size of
effect of whatever phenomena we are attempting to account for.

Conclusions

The major � ndings of this research may be stated rather simply: people
speaking different languages classify the eight basic colors and the written
counterparts in basically similar fashion although there is a sizable and
signi� cant amount of true individual variation within each language. Other
statistically signi� cant effects including language, gender, task (triads versus
paired comparisons), and mode (color terms versus color samples) all taken
together account for a relatively small proportion of the total variability,
clearly less than the individual differences.

The original Berlin and Kay (1969) study and the enormous research
effort that it has stimulated is clearly one of the most signi� cant scienti� c
contributions of social and cultural anthropology in the last several decades.
Though it may need modi� cation in details the major framework they
provided has been unusually robust. The number of researchers from a
variety of � elds (including anthropology, linguistics, psychology, vision,
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etc.) working on the problem is impressive. The extent to which these
researchers build on the work of each other, bodes well for the future of
the � eld.
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