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Abstract: The accepted model of color naming postulates
that 11 “basic” color terms representing 11 common per-
ceptual experiences show increased processing salience due
to a theorized linkage between perception, visual neuro-
physiology, and cognition. We tested this theory, originally
proposed by Berlin and Kay in 1969. Experiment 1 tested
salience by comparing unconstrained color naming across
two languages, English and Vietnamese. Results were com-
pared with previous research by Berlin and Kay, Boynton
and Olson, and colleagues. Experiment 2 validated our
stimuli by comparing OSA, Munsell, and newly rendered
“basic” exemplars using colorimetry and behavioral mea-
sures. Our results show that the relationship between the
visual and verbal domains is more complex than current
theory acknowledges. An interpoint distance model of col-
or-naming behavior is proposed as an alternative perspec-
tive on color-naming universality and color-category struc-
ture. © 2003 Wiley Periodicals, Inc. Col Res Appl, 28, 113–138, 2003;
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INTRODUCTION

The accepted model of color naming postulates that 11
“basic” color terms representing 11 common perceptual

experiences show increased processing salience due to a
theorized linkage between perception, visual neurophysiol-
ogy, and cognition. Hardin and Maffi1 review the many
studies demonstrating the cross-cultural robustness of the
Berlin and Kay2 sequence of basic color terms. However,
the strength of any linkage between basic color terms and
salient category focal exemplars remains unclear. Although
the literature strongly implies a relationship between basic
color terms and perceptually salient color-appearance re-
gions, several recent empirical results suggest that the focal
exemplars most frequently labeled by basic color-term
glosses are not the same across languages. This implies that
there may not be a strong link between basic color terms and
specific, perceptually salient focal colors. The goal of our
research was to explore the linkage between color terms and
color appearances by empirically investigating color nam-
ing and cross-cultural salience of best-exemplar color ap-
pearances (i.e., the previously identified “focal” or “cen-
troid” colors) using a wide range of both basic and nonbasic
color samples presented to three different ethnolinguistic
groups. Although this research did not set out to confirm the
universality of basic color terms, our results do confirm that
basic color terms were widely used to label color samples in
all three groups. We observed this despite findings that
failed to confirm a linkage between basic color terms and
strong perceptual salience.

SALIENCE

The Berlin and Kay theory states that the widespread use of
11 color-category terms and partitions across cultures is
attributable to universal panhuman neurophysiological color
vision processes.2–7 Due in part to Heider-Rosch,8 the con-
cept of “salience” is central to models hypothesizing under-
lying linkages between visual neurophysiology and univer-
sal naming behavior. Although direct physiologic evidence

*Correspondence to: Kimberly A. Jameson, Department of Psychology,
University of California, San Diego, 9500 Gilman Dr., MC-0109, La Jolla,
CA 92093-0109 (e-mail: kjameson@ucsd.edu).

Contract grant sponsor: NSF-9973903, NIMH grant RO3-MH53126-01,
Hellman Faculty Fellowship Award (Jameson), UCSD Academic Senate
Grant (Jameson), and UCSD Undergraduate Scholastic Research Grant (A.
Lewis)
© 2003 Wiley Periodicals, Inc.

Volume 28, Number 2, April 2003 113



is lacking,9 theorists propose that a specific visual process-
ing substrate causes certain color appearances to have the
behavioral properties of salience.10–12

In the domain of color cognition, salience is indicated by
“specific and selective nonverbal responses” that are ob-
served for “focal” color-category exemplars.11 In various
models, salient hues have been called “focal,” “basic,” or
“landmark” hues, observed to be more easily located,
learned, and remembered than other hues. This model of
color salience has been linked to Hering’s13 opponent pro-
cess model of early visual color sensations, which states that
opposing sensations are organized into opponent pairs Red-
Green and Yellow-Blue, in conjunction with an achromatic
(i.e., light–dark) opponency.4 These constitute the “funda-
mental neural response categories” determined by neuro-
physiology that are thought to result in salience of certain
best-exemplar colors within basic color categories and their
composites (compounds of two basic colors), as found in the
11 universal color categories identified cross-culturally by
Berlin and Kay.2–4 The initial validation of this concept of
focal color salience was provided by Heider-Rosch8,14 and
by the psychophysically rigorous studies of Boynton and
Olson.10,11

Heider-Rosch8 found that focal colors were more fre-
quently chosen than nonfocal colors by 3-year-olds in a
free-choice situation and were better matched than nonfocal
colors by 4-year-olds. For both age groups, focal colors
were also found to represent basic color terms more fre-
quently than nonfocal colors. Heider-Rosch concluded that
“focal colors are perceptually salient for young children as
well as adults, and that color names initially become at-
tached to these most salient areas” (p 454). She then dem-
onstrated empirically that the Dani people of New Guinea
form color categories with prototypic exemplars as “foci.”
In further cross-cultural comparisons, she asserted that these
foci were easier to learn, remember, and were most fre-
quently “named” universally. Heider-Rosch14 stated, “The
most saturated colors were best examples of basic color
names for both English and for speakers of the other 10
languages represented” (p 13). One criticism of both Hei-
der-Rosch studies is that the stimuli selected were always
the maximum saturation available for the Munsell Hue and
Value tested. As a result, these studies cannot determine
whether the results of focal salience were due to differential
perceptual processing or to universal preference for the
most highly saturated exemplars. To our knowledge, no
study controlling for saturation has confirmed Heider-
Rosch’s finding of prototypicality for focal color appear-
ances. Thus, despite Heider-Rosch’s pioneering work, ver-
ification of the Berlin and Kay notion of “focal” color
salience remained unconfirmed, as did the relation of per-
ceptually opponent hues to cognitive salience.

Boynton and colleagues expanded upon Heider-Rosch’s
ideas and gave the first psychophysically rigorous results for
“cognitive salience” of color appearances and color nam-
ing.10,11,15,16 Whereas Heider-Rosch used stimulus samples
from the Munsell Book of Color, Boynton methodically
assessed cognitive salience of the 424 samples from the

OSA space, a color-ordered system created by the Optical
Society of America.17 Boynton used several different be-
havioral measures in his studies, including monolexemic
naming consistency, response time, and consensus or ma-
jority choice. Note that Boynton and colleagues used a
monolexemic naming task in order to meet Berlin and Kay’s
criteria. For a color term and its associated color-space
focus to be considered unequivocally basic, it must be
linguistically “monomorphemic,” or a single term.a

Like Berlin and Kay, Boynton and Olson assessed the
salience of color appearances linked to basic color terms.
However, Boynton and Olson defined their color appear-
ances differently. They defined a series of salient color
category “centroids” derived from an OSA-coordinate av-
erage across subject choices, rather than identifying top-
ranked best exemplars, as done by Berlin and Kay. One
method might identify more salient samples than another,
but both approaches identify specific samples, rather than
general regions of samples, as salient due to underlying
neural response fundamentals. For this reason, we consid-
ered it reasonable to test both the Berlin and Kay and the
Boynton and Olson definitions of salience in our study of
naming behavior. Both theories suggest that certain samples
they empirically identify as focals or centroids have differ-
ent perceptual processing status and are universally named
using basic color terms.

Boynton and colleagues found that Hering’s opponent-
process colors (red, green, yellow, and blue) were more
“salient” than some composite hues (or combinations of
basic colors). He termed these more salient hues “landmark
hues.” However, Boynton and colleagues unexpectedly
found that some composite hues demonstrated as much
salience as the landmark colors. Such a finding is inconsis-
tent with the privileged processing status believed to be
associated with the Hering color-opponent processing.

Boynton’s finding of salience for certain non-landmark
hues can be related to whether or not a color appearance is
named using a monolexemic term.10 For example, in Japa-
nese, the color appearance light blue, considered nonfunda-
mental by opponent-process theory, is named by a mono-
lexemic term, mizu. It rivaled the performance of landmark
colors on all behavioral measures in the Japanese data, even
though the color appearance light blue is generally not
considered salient enough to earn rank as a basic color
category.11,15,16 Other composite colors named using mono-
lexemic terms (such as orange and purple) showed the same
pattern of results as the landmark colors, or sometimes
better results. Despite this, Boynton’s psychophysical re-
sults have been regarded as evidence supporting a panhu-
man shared opponent-process neural substrate. To address
this strong interpretation of his results, Boynton9 recently
described the limitations of basing color-naming salience on
models of lateral geniculate nucleus (LGN) neurophysio-
logic processing.

a The Berlin and Kay criteria for basic terms additionally included
taxonomic superiority, broad applicability, and salience.
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Sturges and Whitfield18 carried out a large-scale replica-
tion of the Boynton and Olson11 color-naming study using
monolexemic naming of Munsell stimuli. Like Boynton and
Olson, they observed behavioral differentiation between
basic and nonbasic color categories. However, they also
found no differentiation between landmark and other basic
colors in naming consistency or response time measures.
Sturges and Whitfield18 asked: “Given that the difference
between the landmark and other basic colours is small . . .
Are the other basic colours sufficiently different from the
landmark colours to be classed as less salient?” (p 312). On
the basis of their results they concluded that “it would be
reasonable to include purple as a landmark colour and to
question the very landmark status of red” (p 312). Even so,
they suggest, “It would be surprising if . . . results support-
ing a categorical structure to colour space based on Berlin
and Kay’s model was not reflected in a neurophysiological
correlate” (p 312). Thus, despite ambiguous results, recent
color-naming and categorization research continues to sug-
gest opponent-color neural processing as the basis for land-
mark color salience and focal color universality.1,4,7,18–20,b

Roberson and colleagues21,22 question the validity of the
construct of differential focal color salience. They suggest
that categorical color perception is based on verbal coding
as opposed to visual salience.22 Moreover, Roberson et al.,21

in a study of color-naming in Papua New Guinea, showed
that under a variety of tasks, categorical color perception
was in accord with linguistic categories rather than under-
lying perceptual universals. They also showed that there
was no recognition advantage or paired-associate learning
advantage for focal stimuli compared to nonfocal stimuli.

Lin et al.23–25 found support for Berlin and Kay’s 11 basic
color terms but raised new questions about constraints im-
posed by the empirical practice of monolexemic naming.
They compared constrained and unconstrained naming in
two linguistic populations, Mandarin Chinese and British
English. In an unconstrained naming task, they found that
whereas monolexemic basic color terms were modal names
for roughly half of the samples, all subjects preferred to use
modified (not monolexemic) basic names rather than basic
names alone.23 They also questioned Berlin and Kay’s def-
inition of basic terms, asserting an additional five Chinese
basic terms beyond Berlin and Kay’s 11. Under constrained
(monolexemic) naming, the cross-language similarity in the
mapping of basic terms to focal color regions was compli-
cated by conflicting results in two experiments presented.24

Questions about the appropriateness of the Hering fun-
damentals as the basis for color-naming, color categories,
and focal color salience have been raised by other investi-

gators as well.26,28,29 Thus, the results suggest that the
linkage between early visual neurophysiology and color
cognition may not be as direct as assumed by currently
accepted theory. The noted invariance in color naming
across cultures is impressive, but the strong model typically
suggested for focal color universality and perceptual sa-
lience deserves further scrutiny.

EXPERIMENT 1

Experiment 1 used naming behavior to examine the salience
of the rigorously defined color category “centroids” identi-
fied by Boynton and colleagues.15,c Considerable effort was
made to reproduce accurately the stimuli used in other work.
To assess the impact of empirical naming constraints on
color-naming results, the following modifications of previ-
ous paradigms were made: (1) Subjects were given uncon-
strained time to freely name color samples, rather than being
provided with terms by the experimenter or encouraged to
respond quickly using monolexemic terms; and (2) compar-
isons were made across two languages in which color cat-
egories were expected to vary. We expected that any invari-
ance dependent on underlying neurophysiology should be
unaffected by manipulations in task demands.

Participants

Three samples participated: (1) 31 monolingual English
speakers, (2) 29 bilingual English and Vietnamese speakers
tested in Vietnamese, and (3) 32 monolingual Vietnamese
speakers. Bilingual speakers reflect a different access to the
lexicon than individuals who are proficient in a single native
language.

All monolingual English and some bilingual Vietnamese
speakers volunteered through the University of California,
San Diego human subject pool and earned partial course
credit. Some additional bilingual Vietnamese speakers were
paid $8.00 per hour. Monolingual Vietnamese participants
were recruited from immigrant Vietnamese communities in
the San Diego area and were paid $8.00 per hour. Local
Vietnamese communities are sufficiently large to permit
individuals to function and work without needing to acquire
English. Monolingual and bilingual Vietnamese speakers
unable to read and write Vietnamese were excluded. Three
subjects with Vietnamese surnames were omitted from the
monolingual English sample prior to data analysis. All
subjects were screened for normal (corrected) vision and for

b Kay recently suggested (personal communication, February 2002) that
his current theory of color-naming universals does not emphasize a strong
linkage between perceptual salience of the Hering primaries and funda-
mental neural response correlates found in the lateral geniculate nucleus
(LGN). A prelude to this new position is seen in Kay and Maffi.7 Despite
this shift in emphasis, much of the current literature continues to rely on the
classical linkage between Hering’s perceptual primaries and LGN oppo-
nent processing mechanisms.

c ”Centroid” values are a computed color category position derived by
averaging the L,j,g values of all samples called by a particular name,
weighted according to whether the name was used once or twice. As such,
it is a focal point, or sample, derived by the aggregate responses of all
subjects in a given ethnolinguistic group. It is not unreasonable to view the
centroid exemplar as a sort of group aggregate category “focal” in the
Berlin and Kay sense, compared to the individual category focus that a
given subject may designate, and which may differ from the group cen-
troid. As defined, group aggregate samples do not coincide with an indi-
vidual’s foci presumed to arise from his or her color vision neural pro-
cessing.
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normal color vision with Ishihara’s30 Pseudoisochromatic
Test Plates (Concise Edition). Two subjects with anomalous
color vision were omitted from the bilingual Vietnamese
sample prior to data analysis.

Procedure

Participants in each of the three language groups were
provided with a test booklet that comprised 110 individual
color samples, one per page (see description of stimuli that
follows). For each sample, participants were asked to pro-
vide the appropriate name, with no constraints imposed on
their choice of semantic label. Subjects also provided a
confidence rating (ranging from 1 to 5) for the estimated
accuracy of each name. Fifteen booklet variations were
generated, representing different random orders of stimuli.
Within each language group, the booklet orders were ran-
domly assigned to participants under the constraint that all
15 orders should be assessed before any given order was
repeated. The task was self-paced, and was introduced using
one practice trial to familiarize participants with the task,
followed by the 110 experimental judgments, then color
vision screening and debriefing.

For all three participant groups, the task was conducted in
a controlled ambient lighting environment. The room was
illuminated by an approximated C illuminant conforming to
spectral power distributions of the CIE daylight model.31

Ambient illuminant intensity averaged 185.6 cd/m2—which
subjectively approximates indirect daylight illumina-
tion—at CIE (1931) chromaticity: x � .349, y � .360; and
CCT � 4856 K.

Stimuli

Color samples were presented in a neutral viewing con-
text, free of potential color contrast and stimulus-set effects
that existed in the color grid used by Berlin and Kay.2,d The
110 stimulus items included the landmark hue “centroids”
identified by Boynton and Olson,10 plus a random sample
drawn from the OSA Uniform Color Scale (UCS) stimulus
space.32,33 Use of the OSA space to characterize stimuli
permits direct comparison of this study’s findings with
results obtained by Boynton and colleagues.9–11 To compare
our results with results for the “focal” colors of Berlin and
Kay,2 a subset of the stimuli were also characterized by
reflectances that correspond to Munsell renotated color
samples.34,e The Munsell best-exemplar samples used by
Berlin and Kay, hereafter referred to as “focals,” are surface
color papers described using hue, value, and chroma param-
eters under a standard daylight C-illuminant.31

The 110-item stimulus sample includes 11 best exemplar

samples, 8 from typically assessed color categories (i.e., red,
green, yellow, blue, orange, brown, purple, pink), plus 3
from the categories of peach, turquoise, and chartreuse (or
lime). The initial 8 OSA best exemplars were chosen based
upon the mean centroid values for subjects assessed by
Boynton and Olson10 (p 100, Table IV). The additional
three categories were included based on prior empirical
work suggesting that they are psychologically salient and
candidates for new emergent basic color terms.10,11,35 The
best exemplar OSA samples for peach, turquoise, and char-
treuse were determined by experimenter consensus (five
individuals with normal color vision).

The 99 nonfocal stimuli were identified by a heuristic
designed to sample the entire OSA stimulus space system-
atically and isolate a set of items representative of the area
of each of the OSA levels. We felt it was important to
sample items irrespective of the actual steps or spacing of
the OSA within-level steps in order to (1) obtain color-
naming results for the full range of variation of color space;
(2) avoid any biasing structure that might be inherent in the
spacing of the OSA color-space metric; and (3) avoid the
selection of a stimulus set that was either uniform or opti-
mized for saturation components across the hue dimension.
For the latter, see saturation values for the Berlin and Kay2

stimuli in Backhaus et al.36 Figure 1 depicts the sampled
stimuli scaled by L,j,g parameters of the OSA stimulus
solid. Note that stimuli are thoroughly and consistently
sampled across the entire space. Appendix A describes the
selection heuristic.

The resulting stimuli are listed in Appendix B, Table B-1,
according to their closest OSA L,j,g triples, and according to
their measured CIE 1931 chromaticity coordinates.37 The
chromatic properties of stimuli are represented in the (x,y)
chromaticity plane of the CIE 1931 standard observer.31 The
110 color stimuli were rendered using an Apple Color
StyleWriter 2400 inkjet printer within the most acceptable
visual match of the OSA counterparts and subsequently
measured with a Pritchard PR704 spectrocolorimeter and
determined within an acceptable range of Delta-E(L*a*b*)
tolerance.31 In the analyses that follow, data for one of the
99 OSA grid-sampled color appearances (item 47) were

d Unpublished data from the World Color Survey may represent a
similar stimulus presentation (see Kay and Berlin5 for a brief description).

e The Newhall et al.35 renotation data are used in this analysis rather than
more recent measures of the Munsell stimuli, because they give the closest
approximation to the stimuli used by Berlin and Kay.2

FIG. 1. Distribution of sampled color appearances in OSA
space.
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eliminated, because subsequent colorimetric measures
showed that the sample duplicated (within rendering toler-
ance) one of the centroids assessed (item 110, turquoise),
leaving a total of 109 color appearance samples.

The rendered stimuli measured 1-inch square. Each stim-
ulus was centered on a 3-inch-square neutral gray back-
ground (closely approximating Munsell neutral gray 5),
leaving on all sides a 1-inch gray border serving as a neutral
visual context. The entire configuration was centered on
letter-size white paper. The estimated viewing distance was
approximately 15 inches, with the stimulus placed flat in the
horizontal position, and with the illuminant directly over-
head. Specular reflections were minimized by the matte
surface of the printed samples and the viewing angle of the
stimulus relative to the illuminant position.

An important goal of our study was to compare our
results with those obtained by Berlin and Kay,2 and by
Boynton and colleagues.10,11,15,16 Boynton and Olson10 cen-
troids for the 11 above-mentioned English categories are
listed in Appendix B, Table B-2. The focals for English and
Vietnamese empirically identified by Berlin and Kay2 (Ap-
pendix I) are also listed in Table B-2, which provides both
the Munsell H V/C notation for the focals and the rendered
OSA approximate used in our study. In addition, the CIE
1931 x,y chromaticity coordinate equivalents are given for
the Munsell samples (from Wyszecki and Stiles31), and our
rendered OSA samples and the Delta-xy difference values
are presented. Delta-E differences between centroids and
focals are perceptually similar enough to permit a compar-
ison of our best exemplar results with those found by the
previous researchers mentioned. In the analyses presented
below, the term “centroids” refers to the Boynton and Ol-
son10 sample equivalents, whereas the term “focals” refers
to the Berlin and Kay2 sample equivalents.

Results and Discussion of Experiment 1

Predictions of the Berlin and Kay Model. Two sets of
predictions were tested for the Berlin and Kay model. First,
if neurophysiology determines perceptual salience, then ba-
sic focal colors identified in previous research should be
responded to in a consistent manner by individuals across
our three language groups. Basic focal colors should pro-
duce greater confidence, greater agreement among subjects,
and less variability in naming than nonbasic colors, and the
same basic focal colors should be identified as in previous
cross-cultural surveys. Second, we predicted that altering
task demands should not affect such findings because the
underlying stimulus-dependent salience should produce
consistent response regardless of task. Thus, the Berlin and
Kay model predicts (1) similarity of results across lan-
guages, and (2) conformance to previous findings.

First, we determined whether the same color samples
were assigned names with the same meanings across the
language groups. To test this, the modal response to name
each sample was identified. The modal response was de-
fined as the single response free listed with the highest
frequency to name each color appearance sample. All 109
modal responses given in Vietnamese were translated to
English, and the percentage of agreement was calculated for
each pair of language groups.f Percentage of agreement was
defined, across all 109 stimuli, as the number of matches
between the names given in two languages, divided by the

f Translations were initially made by a native speaker of Vietnamese
who was fluent in English, then reviewed by a native English speaker to
ensure that the same words in Vietnamese were consistently translated to
the same words in English. The different word order for modifiers in
Vietnamese compared to English was handled consistently and appropri-
ately during translation.

TABLE I. Between-language comparisons on mean measures of agreement and consensus.

Measure

Monolingual
English vs.

monolingual
Vietnamese

Monolingual
English vs.

bilingual
Vietnamese

Bilingual
Vietnamese vs.

monolingual
Vietnamese

1 Agreement percentage across all
samples

29.1 48.9 41.8

2 Agreement percentage for blue–
green samples

2.9 0 26.5

3 Wilcoxon test (two-tailed) for
frequency of modal name

z � 7.67, p � 0.00 n.s. z � 8.25, p � 0.00

4 Wilcoxon test (two-tailed) for
variability

z � 8.57, p � 0.00 z � 6.98, p � 0.00 z � 8.99, p � 0.00

5 Paired t test (two-tailed) for
agreement index

t(108) � 7.78,
p � 0.00

t(108) � 2.37,
p � 0.02

t(108) � 8.57,
p � 0.00

6 Spearman correlation (two-tailed)
for frequency of modal name

r � .41, p � 0.01 r � .54, p � 0.01 r � .43, p � 0.01

7 Spearman correlation (two-tailed)
for variability

r � .64, p � 0.01 r � .59, p � 0.01 r � .55, p � 0.01

8 Pearson correlation (two-tailed)
for agreement index

r � .45, p � 0.01 r � .45, p � 0.01 r � .55, p � 0.01

9 Paired t test (two-tailed) for
confidence ratings

t(109) � 18.74,*
p � 0.00

t(109) � 13.32,*
p � 0.00

t(109) � 9.3,*
p � 0.00

10 Spearman correlation (two-tailed)
for confidence ratings

r � .65, p � 0.01 r � .77, p � 0.01 r � .65, p � 0.01

* Comparison based on 110 samples (item 47 not removed).
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total number of samples named (109), multiplied by 100. In
order to be considered a match, the modal response given
for a sample must have been the same in each of the
languages compared.g Percentages for all language pairs are
shown in Table I (row 1). The overall percentage of times
the modal response matched in all three languages was
25.5%.

Table I shows a low percentage of matches between
Vietnamese and English, higher for bilingual speakers than
for monolingual Vietnamese speakers. Surprisingly, there is
also poor agreement between bilingual and monolingual
Vietnamese speakers. We believe there are two sources of
disagreement producing these results: (1) differences in
categorization of colors, and (2) differences in the use of
modifying terms. As noted by Berlin and Kay,2 the most
obvious differences in color naming between the English
and Vietnamese languages are the categorization of orange,
blue, and green. Blue and green are treated as two different
categories in English, but are designated using a single
category name (xanh) in Vietnamese. Within the larger
category of xanh (undifferentiated blue or green), distinc-
tions between colors are noted by modifying this basic term
(e.g., xanh la cay, or leaf green, compared to xanh nuoc
bien, or ocean blue). Orange is a distinct category in English
and rivals the other basic colors (first noted by Chapanis,38

and recently by Schirillo28), but Vietnamese has no basic
term for orange.2 In Vietnamese, orange is usually desig-
nated by a modified term for yellow, but less frequently is
designated as cam (a Vietnamese term that glosses the name
of the fruit “orange,” as occurs in English).

To confirm this source of disagreement and to evaluate
how much of it is due to the blue-green category, Table I
(row 2) shows the percentages of agreement between lan-
guage groups for the color samples designated blue or green
in either language. This was calculated by dividing the
number of matching terms designating blue or green by the
total number of color samples evaluated (109), then multi-
plying by 100. As shown in Table I (row 2), there is no
agreement between bilingual Vietnamese and English
speakers on the modal name for samples designated as

green or blue after translation. Thus, all of the matches
occur in other color categories. In contrast, 63% of the total
matches between bilingual and monolingual Vietnamese
speakers are for samples whose modal names are within the
green-blue category. Thus, the source of disagreement is
different when different pairs of language groups are con-
sidered. Disagreement occurs between the bilingual and
monolingual Vietnamese responses because bilingual Viet-
namese (responding in Vietnamese) tend to categorize or-
ange more similarly to English speakers, using the term cam
more frequently than a modified yellow term (see Table II).
Monolingual English and bilingual Vietnamese primarily
disagree on blue-green samples. And English and monolin-
gual Vietnamese disagree on a combination of category
terms.

The second source of disagreement between English and
Vietnamese speakers is the use of modifying terms (e.g.,
light pink, sky blue). In general, both bilingual and mono-
lingual Vietnamese speakers use a larger number of modi-
fiers added to monolexemic color terms than English speak-
ers do, resulting in multiple-word combinations (e.g., xanh
la cay or xanh nuoc bien). This result parallels that found by
Lin et al.23 in comparing British English with Mandarin
Chinese naming. This can be seen in Table II, which lists
the frequency of occurrence of specific color terms among
the modal responses in each language.

A more detailed way of showing how naming varies
across the entire color space is to track measures of naming
behavior over some logical partitions of color space. In the
group-wise comparisons presented below, we compare
naming for subsets of stimuli defined by OSA levels (sim-
ilar to the response time analysis by Boynton and Olson,11

Fig. 5). This permits an evaluation of whether the three
language groups exhibit similar profiles of naming across
the entire color space, or whether their profiles differ in a
meaningful fashion across the color space tested. Such an
analysis allows the tracking of naming trends across the
lightness dimension of color space. In addition, analyses of
subsets of stimuli defined by levels permit valid compari-
sons of similar size sets of noncentroids against centroids
(centroid–noncentroid comparisons are presented later).
Figure 2 shows the mean number of different monolexemic
terms listed in each language, by OSA level (L value). Note

g Data reduction analyses that relax this strict notion of matching are
discussed later in this article.

TABLE II. Color terms appearing most frequently as the modal response for multiple samples within each
language.

Monolingual English Bilingual Vietnamese Monolingual Vietnamese

Term No. of Samples Term No. of Samples Term No. of Samples

Green 11 Xanh 16 Xanh la cay 8
Orange 11 Cam 15 Cam 6
Yellow 9 Xanh la cay 11 Hong dam 6
Pink 7 Tim 10 Tim 6
Purple 7 Vang 10 Nau 5
Blue 6 Hong 9 Vang 5
Brown 6 Nau 9 Vang dam 4
Red 5 Do 7 Vang lot 4
Peach 5 Vang lot 4 Xanh nuoc bien 4
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that both Vietnamese groups listed fewer monolexemic
terms than English speakers. However, compared to mono-
lingual Vietnamese speakers, bilingual Vietnamese speak-
ers used more monolexemic terms with fewer modifying
terms, and their patterns of use by level more closely
paralleled those of English speakers (see Figs. 3 through 5).

Accessibility of monolexemic terms is an issue in inter-
preting previous studies. As shown in Table II, monolingual
Vietnamese speakers did not prefer to use monolexemic
terms compared to modified terms (5 of the 9 highest
frequency names were modified, not monolexemic),
whereas English speakers showed higher agreement for use
of monolexemic terms and employed a wider variety of
such terms in naming (see Fig. 2). Monolingual Vietnamese
speakers constrained to use monolexemic terms in a
speeded task will be at a disadvantage with respect to
accessibility, because such terms are not used with the same

frequency as in English and perhaps other languages. How
valid is their naming behavior under such a constraint? It
may be that those terms found to be “basic” in such tasks are
basic by virtue of being monolexemic in the language and
thus more readily accessible when performing the task.
Indeed, a normative survey of English found that terms for
Red, Yellow, Green, Blue, Orange, Purple, Brown, and Pink
(all but the achromatic terms from the Berlin and Kay 11
basic color terms) were the most frequently appearing color
terms in the language.39 If frequency of use of these mono-
lexemic terms in Vietnamese is not on a par with English,
are cross-language comparisons of response time and con-
sensus fair to make?

These comparisons show the overall differences between
language groups, but what consistency exists for those color
appearances identified as most salient by previous research-
ers? It would be expected that salient color appearances

FIG. 2. Mean frequency of different monolexemic terms
listed per sample by OSA level and language group.

FIG. 3. Mean frequency of the modal term listed per sam-
ple by OSA level and language group.

FIG. 4. Mean number of different terms used per sample
(variability) by OSA level and language group.

FIG. 5. Mean agreement index per sample (frequency di-
vided by variability) by OSA level and language group.
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might be more consistently named in both languages. Our
results show that this is not the case. Although the same
color terms (e.g., yellow, green, orange) are listed fre-
quently as the modal terms in each language (see Table II),
they are not necessarily assigned to the same samples. In
each language, there appear certain samples that receive
high frequencies of modal response (suggesting high agree-
ment in naming), but these are not the same samples across
languages. Table III lists the samples with the highest modal
frequencies (the same name listed by the most subjects)
within each language. Taking the 16 samples with the
highest frequencies (the point where an elbow occurs if
modal frequency is plotted), only 5 samples appear on all
three lists, and none of these appear among the top 5
samples with the highest frequencies in any language. As
can be seen in Table III, different samples produced the
highest modal frequencies in each language. Thus, even
where considerable agreement exists about the name for a
sample, the samples evoking such agreement are different
within the three different language groups. Furthermore,
only 4 of the color appearances shown in Table III are
centroids. Thus, with the task modifications made in this
study, the hypothesized salience of the centroids does not
appear to result in greater agreement about naming, despite
the greater use of basic color terms (see Table II). However,
this analysis provides only a rough measure of agreement
and does not take into account the impact of the free use of
modifiers. A more detailed comparison of centroids and
noncentroids is provided below, followed by analyses that
use data reduction to remove the impact of differential use
of modifying terms across languages.

Descriptive Comparisons of Color Naming. To compare
naming of centroids and noncentroids more directly, four
quantitative variables describing naming behavior within
each language group were created: (1) frequency, (2) vari-
ability, (3) monolexemic term use, and (4) agreement index.
Means for these variables are presented in Table IV.

Frequency was defined as the frequency with which the
modal term for each color sample was listed. Figure 3

compares mean frequency for noncentroids across OSA
levels (L values) and centroids by language group. Use of
partitions of noncentroids defined by OSA level serves two
purposes: (1) tracking naming for a meaningful dimension
of color space, and (2) providing partitions of noncentroids
that are comparable statistically with the 11-item centroid
partition. Bar graphs are generally more appropriate for
displaying categorical frequencies, but line graphs are used
to present this data, in order to permit easier visual com-
parison across the three language groups. No continuity
between OSA levels, or between such levels and the cen-
troids, is implied.

Variability was defined as the number of different terms
listed for each color sample. Figure 4 compares mean vari-
ability across OSA levels (L values) by language group. For
both frequency and variability, the criteria used for deter-
mining similarity of terms were identical to those used to
determine matches across languages, as described earlier,
except that Vietnamese terms were not translated.

The mean number of different monolexemic terms listed
to name color samples was compared across OSA levels by
language group, as shown in Fig. 2. We defined an agree-
ment index by dividing the frequency by the variability for
each color sample. This produces a more sensitive measure
of consensus than either frequency or variability alone,
because it describes the degree of concordance between
both mode and range of naming. In essence, the agreement
index appropriately captures degree of agreement, or deno-

TABLE III. L,j,g parameters of OSA samples34 rendered as experimental stimuli and empirically ranked by
frequency of listing for the modal response within each language.

Monolingual English Bilingual Vietnamese Monolingual Vietnamese

Stimulus
ID Category OSA L,j,g Frequency

Stimulus
ID Category OSA L,j,g Frequency

Stimulus
ID Category OSA L,j,g Frequency

502 orange 0,6,�6 24 506 tim �2,�4,�2 26 11 vang 4,8,0 16
89 purple �3,�3,1 23 11 vang 4,8,0 25 503 xanh la cay 0,4,4 13
9 yellow 4,6,0 20 38 cam 2,8,�6 21 504 vang 3,7,�1 11

94 brown �3,1,�1 19 20 hong 3,1,�3 20 506 tim �2,�4,�2 11
78 brown �4,2,�2 19 27 vang 2,4,0 20 92 tim �6,�2,�2 11
92 purple �6,�2,�2 18 84 tim �5,�3,1 20 9 vang lot 4,6,0 10
55 green �3,3,5 18 19 vang 4,10,0 19 41 xanh la cay 2,6,4 10
37 pink 2,2,�4 18 34 hong 3,�1,�3 19 73 xanh duong �4,�4,2 10
38 orange 2,8,�6 17 77 nau �3,3,�3 19 75 xanh la cay dam �3,3,1 10
66 green �1,3,3 17 502 cam 0,4,�4 19 84 tim �5,�3,1 10
84 purple �5,�3,1 17 504 vang 3,7,�1 19 90 nau �5,�1,1 10

504 yellow 3,7,�1 17 10 vang 3,11,�1 18 97 tim dam �4,�2,0 10
508 pink 3,�1,�5 17 29 cam 2,4,�4 18 508 hong 3,�1,�5 10
20 pink 3,1,�3 16 94 nau �3,1,�1 18 22 vang dam 3,7,�3 9
28 yellow 2,8,0 16 30 cam 2,6,�6 17 94 nau �3,1,�1 9

509 lime green 1,5,3 16 89 tim �3,�3,1 17 20 hong 3,1,�3 8

TABLE IV. Mean measures of agreement and confi-
dence by language.

Monolingual
English

Bilingual
Vietnamese

Monolingual
Vietnamese

Modal frequency 9.60 10.61 5.50
Variability 16.97 13.29 22.61
Agreement index 0.79 0.98 0.28
Monolexemic term use 3.83 2.08 1.46
Confidence rating 3.7 4.1 4.3
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tative codability of a given color name, relative to the
dispersion of naming choices. Figure 5 compares mean agree-
ment indices across OSA levels (L values) by language group.

Frequency and variability of bilingual Vietnamese were
more similar to those of English speakers than to monolin-
gual Vietnamese, as shown in Table IV. The greater vari-
ability of the monolingual Vietnamese appears strongly
related to the liberal use of stem terms plus modifiers in
naming color variations, whereas English speakers appeared
to use a wider variety of monolexemic terms when naming
such variations (cf. Lin et al.23). Together, the measures
suggest greater cohesion of response among subjects within
the bilingual Vietnamese group (higher frequency, lower
variability, higher agreement index), especially when com-
pared to monolingual Vietnamese (see Romney et al.40 for
a similar bilingual result in a different semantic domain).

We compared means for frequency and variability of
naming between languages using paired sample, two-tailed
Wilcoxon signed ranks tests, and mean agreement indices
using paired sample, two-tailed t tests. As shown in Table I,
rows 3–5, significant differences were found in pair-wise
comparisons of all three language groups for all measures
except frequency, where no significant difference was found
between monolingual English and bilingual Vietnamese
speakers.

Stimulus-related similarities in color naming were as-
sessed by correlation of the frequencies, variability, and
agreement indices across language groups, as shown in
Table I, rows 6–8. We assumed that if subjects responded
similarly to the color samples and used language in a similar
manner, these measures should be positively correlated with
each other across languages. Such an assumption implies
that the same color samples should result in increased
frequency or increased variability regardless of which lan-
guage is assessed. We performed a two-tailed Spearman
rank-order correlation for all comparisons except agreement
indices, which were compared using a two-tailed Pearson
correlation. Correlations are shown in Table I, rows 6–8.
Because these correlations are higher than the rough com-
parison of samples shown in Table III would suggest, it
seems likely that the correlations depend as much on dis-
agreement among subjects as they do on agreement. Dis-
agreement would be indicated by low modal frequencies
with high variability of naming.

Confidence Judgments for Color Naming. In addition to
the free listed names, subjects were asked to rate their
confidence in each name given, on a scale from 1 to 5 (with
1 indicating lowest confidence, and 5 highest confidence).
Mean confidence ratings for samples grouped by OSA level
(L values) are shown in Fig. 6 and listed in Table IV.
Paired-sample t tests showed significant differences in mean
confidence ratings among all three language groups, as
described in Table I, row 9. Inspection of responses showed
that monolingual Vietnamese underused the lower regions
of the rating scale and that many subjects gave a maximum
rating of 5 to nearly every sample. This is consistent with
cross-cultural differences in rating scale usage noted in
other rating contexts by previous researchers.41 This ceiling

effect in the monolingual Vietnamese ratings would tend to
restrict range and thereby depress correlations with raters
using the whole rating scale.42 Nevertheless, confidence
ratings are highly correlated across languages, as shown in
Table I, row 10, suggesting that, in general, samples that
elicited lower confidence ratings in one language tended to
do so in the other as well. This interpretation is supported by
the observation of a stronger correlation between confidence
and variability than frequency, as shown in Table V. Note
that across language groups, confidence ratings for the
monolingual English and bilingual Vietnamese are most
highly correlated (Table I, row 10).

Comparisons of Centroid Naming With Noncentroids.
Previous research suggests that differences on the measures
described above should be found between the group best-
exemplars or centroids identified by Boynton and Olson,10

and the remaining noncentroid colors sampled in this study.
There should be higher frequency, lower variability, higher
agreement indices, and higher confidence ratings for the
centroids than for the noncentroids. No prediction was made
about the use of monolexemic terms. By placing all of the
centroids in a single group and comparing them with
roughly equal-sized groups of noncentroid samples, segre-
gated by OSA lightness level, the benefits of salience were
expected to accumulate and to be more readily visible in the
measures. This strategy gives centroids greater opportunity
to show a statistically significant difference compared to the
remaining noncentroid samples.

FIG. 6. Mean confidence rating per sample by OSA level
and language group.

TABLE V. Correlations between confidence ratings
and frequency, variability and agreement index
by language.

Frequency Variability Agreement Index

Monolingual English .59* �.77* .68*
Bilingual Vietnamese .50* �.59* .57*
Monolingual Vietnamese .60* �.71* .66*

* p � 0.01, two-tailed
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The eight basic color category centroids identified by
Boynton and Olson10 are listed in Appendix B, Table B-2.
For each of the measures analyzed earlier (frequency, vari-
ability, agreement index, monolexemic terms, confidence
ratings), means for the centroids were compared to means
for the remaining samples, classified by OSA level
(L values). One-way, two-tailed analysis of variance
(ANOVA) was used to test predictions, with a significance
level of p � 0.05. Although this is categorical data,
ANOVA has been shown to produce valid results and to be
more informative than chi-square analysis for qualitative
data with no extreme dichotomous responses.45 No signifi-
cant or near-significant differences, and no extremely non-
significant differences (p � 0.90) were found for any mea-
sure except variability in the English language group, F(12,
108) � 1.91, p � 0.04.h As can be seen in Figs. 2 through
6, there is considerable fluctuation in the mean values from
level to level on these measures. As shown in Fig. 4,
variability of naming is highest for samples at level 5 (the
most “white” lightness level) and this is the difference that
is statistically significant from the other levels and the
centroids. For all variables considered (i.e., modal fre-
quency, variability, agreement indices and confidence), the
mean values for the centroids are little different than those
for other samples occurring at the same levels, and do not
show trends that might be expected if the centroids had
greater salience for naming purposes. It might be argued

that an ANOVA across all OSA levels introduces too much
variability to permit significant differences to be observed.
Statistically stronger t tests comparing all measures for
centroids with only the samples at level 5 (where no cen-
troids or near-centroids are found) showed no significant or
near-significant differences in any language group on any
measure except variability.

In a more direct test, Table VI compares each centroid
with a noncentroid sample at the same OSA level and
assigned the same color name (where available). Note that
several noncentroid samples produced higher frequencies,
lower variability, and greater confidence than the compara-
ble centroid in each of the languages. A sign test showed
that mean frequency and variability of the centroids com-
pared to these selected noncentroids did not vary signifi-
cantly in the expected direction in any language. Variability
tended to move in the opposite direction in both the mono-
lingual English and monolingual Vietnamese groups (i.e.,
greater variability was found for centroids than for noncen-
troids).

We performed a similar analysis using an expanded set of
centroids, including three additional samples hypothesized
to be untested candidate centroid colors for emergent basic
color categories: turquoise, peach, and lime green. Using
one-way, two-tailed ANOVA to evaluate this expanded set
of centroids, we found no significant differences between
centroids and noncentroids classified by OSA level in any
language group for any measure.

These results seem contrary to findings by Heider-
Rosch14 and others, establishing the importance of focal
exemplars for memory and perceptual tasks. We emphasize
that we are not questioning the property of salience per se,

h Moreover, no significant differences were observed for any ANOVA
measures reported for all three groups when the two centroids with the
most rendering deviation—the red and yellow centroids—were eliminated
from the analyses (see Table B-2, Delta-E measures).

TABLE VI. Comparison of centroid frequency and variability with noncentroids occurring at the same OSA level
and assigned the same color name by subjects.

Stimulus
ID OSA L,j,g

Monolingual English Bilingual Vietnamese Monolingual Vietnamese

Category
Centroid

frequency

Non
centroid

frequency Category
Centroid

frequency

Non
centroid

frequency Category
Centroid

frequency

Non
centroid

frequency

Frequency

504 0,6,�6 yellow 9 20 vang 18 25 vang 3 16
508 �3,�3,1 pink 6 * hong 7 7 hong 5 *
502 4,6,0 orange 24 4 cam 16 8 cam 4 *
505 �3,1,�1 light blue 15 * xanh 8 6 xanh bien 5 *
501 �4,2,�2 hot pink 7 16 do 13 14 hong dam 5 7
507 �6,�2,�2 light brown 14 19 nau 19 13 nau lot 7 8
506 �3,3,5 purple 10 * tim 10 * tim 3 *
503 2,2,�4 green 14 6 xanh la cay 9 10 xanh la cay 13 10

Variability

504 0,6,�6 yellow 18 6 vang 8 4 vang 30 13
508 �3,�3,1 pink 15 * hong 13 17 hong 21 *
502 4,6,0 orange 6 23 cam 11 16 cam 23 *
505 �3,1,�1 light blue 13 * xanh 15 15 xanh bien 21 *
501 �4,2,�2 hot pink 21 12 do 12 12 hong dam 22 19
507 �6,�2,�2 light brown 15 9 nau 7 11 nau lot 22 18
506 �3,3,5 purple 15 * tim 11 * tim 22 *
503 2,2,�4 green 13 10 xanh la cay 13 12 xanh la cay 20 16

* No similarly named sample was available at the same OSA level.
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but rather the grounding of salience in known neural phys-
iology and its linkage to a defined set of color appearances
named by using basic terms. As noted earlier, the basis for
salience in Heider-Rosch’s work is likely to have been
saturation of the color samples. Thus, Heider-Rosch’s work
does not establish that salience results from fundamental
neural responses to spectra, defining basic colors, linked to
basic color terms.

Reduction to Fewer Categories. As described earlier, a
very strict criterion was applied in determining similarity of
naming responses. Only spelling errors were regularized.
Different word orders were considered different names;
thus, yellowish-green was considered a different name than
greenish-yellow. Yellow-green was considered a different
name than yellowish-green. Light light green was consid-
ered a different name than light green.

It might be argued that this strict criterion, coupled with
the availability of modified terms as opposed to monolex-
emic terms, makes it difficult for centroid agreement to
exist, within or across languages. On the contrary, we con-
sider it likely that a procedure permitting more precise color
naming would enhance the differential effect of salience on
naming, not obscure it, if salience does result in greater
confidence, greater agreement, and less variability in nam-
ing, as widely believed. Because one of the hypothesized
properties of salience is the greater tendency for a salient
color appearance to be named with the use of basic terms,
access to modifiers should not have affected the centroids as
much as the noncentroids. Furthermore, our procedures
were applied consistently and should have affected all three
language groups in the same manner. We found that cen-
troids showed no greater salience than noncentroids on any
measure. Thus, we conclude that shared perceptual experi-
ences arising from common neurophysiologic mechanisms
do not seem to be the basis for higher agreement about
centroids in either language tested, when the same color
appearances are named in an unrestricted manner under the
same viewing conditions.

Nevertheless, because we used such a strict criterion for
evaluating the frequency and variability of naming, we
examined the extent to which these null findings might have
depended on the method of classification of terms by per-
forming several alternative forms of data reduction. We then
retested the predictions made for centroids versus noncen-
troids in each language group. To more closely approximate
the constraints inherent in the response format experienced
by Boynton and Olson’s subjects, our free listed terms were
reduced to a single monolexemic term. In general, this
consisted of eliminating modifiers, and little experimenter
judgment was required. Reduction of the Vietnamese terms
was performed in two ways: (1) before translation (with
undifferentiated blue and green considered a single cate-
gory); and (2) after translation (with terms translating to
blue considered one category, those translating to green a
different category, and those translating to undifferentiated
blue–green a third category). Thus, two different data re-
ductions were performed for each of the two Vietnamese
groups. Data reduction of the Vietnamese terms was per-

formed by a native speaker of Vietnamese. All data analyses
described above were then performed again.i

Data reduction removes much of the difference across
language groups—a finding consistent with the results of
Boynton and colleagues, and in accord with our suggestion
that monolexemic naming shapes salience results. As shown
in Fig. 7, means for frequency converge as the number of
categories is reduced (cf. Fig. 3). Revised means for fre-
quency and variability are shown in Table VII (Berlin and
Kay focal colors are discussed in the next section). Revised
Spearman rank order correlations among confidence, fre-
quency, and variability after data reduction are shown in
Table VIII. Frequencies, variabilities, and their correlations
with confidence ratings appear to improve as the specificity
of naming increases. For example, they are higher for Boy-
nton and Olson’s less restricted monolexemic categories
than for Berlin and Kay’s more limited basic categories, and
higher when green and blue are considered separate cate-
gories rather than a single category. This suggests that the
magnitude of the confidence ratings may be related to the
specificity of naming, rather than to the characteristics of
particular color samples.

One-way, two-tailed ANOVA was used to compare mean
frequencies and variability across levels within each lan-
guage group. Significant differences were found only for the
variability measures within both data reduction methods
(translated and untranslated), and only within the bilingual
Vietnamese language group. As before, the main difference
occurred between Level 5 and the lowest levels. Level 5 is
the lightest OSA level, or most “white,” and subjects offer
many modified terms for “white” tinged with some other
hue. The same high variability in Level 5 occurred within
the monolingual Vietnamese group, but higher variability
also existed in the remaining levels, making the difference
statistically nonsignificant.

Comparison of Focal Color Naming With Nonfocal Color
Naming. In order to compare results of this study with
results obtained by Berlin and Kay,2 we recategorized the
free-listed responses based on their 11 hypothesized color
categories: red, yellow, blue, green, orange, purple, pink,
brown, gray, black, and white.j As predicted for the Boyn-
ton and Olson centroids, focal colors were expected to show
higher frequencies, lower variability, higher agreement in-
dices, and higher confidence ratings compared to nonfocal
colors within each language group. Each color name listed
by a subject was assigned to one of Berlin and Kay’s 11
categories. This required some experimenter judgment but
was performed in a consistent manner, with disputes re-

i Of course, using such reduction methods to translate free-listed naming
data into monolexemic naming data does not replicate the task that Boy-
nton and Olson’s subjects carried out. Rather, it is used here to approximate
their data and thereby make reasonable comparisons between our findings
and those of previous researchers. We do not endorse data reduction as the
preferred means for obtaining monolexemic naming when such data are
desired.

j In this study, the achromatic colors (gray, black, and white) were not
assessed.
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solved by discussion. For example, the difficult-to-classify
item “gold” was discussed and then consistently assigned to
the category yellow in all three language groups. As de-
scribed earlier for centroids, Vietnamese terms were classi-
fied both before and after translation. Frequency, variability,
and agreement indices were then recalculated. Berlin and
Kay’s identified focal colors are listed in Table B-2 for
English and Vietnamese. Note that different focal colors are
hypothesized for the two languages. Note also that this
analysis makes use of the closest OSA approximate to the
Munsell focals of Berlin and Kay. Although the rendering of
focals was not perfect (e.g., Delta-L*a*b* values are pre-
sented in Appendix B,Table B-2), results of Experiment 2,
which directly compared naming for focals and centroids,
support our claims that these close approximates were ad-
equate to test focal salience. We performed analyses on
English results using the English focal colors, and on bilin-
gual and monolingual Vietnamese results using the Viet-
namese focal colors (see Appendix B, Table B-2).

Like the centroid analyses presented above, the focal
color analyses compared data for focals in each language
group against similar size partitions of nonfocals defined by
OSA levels. For each of the measures analyzed earlier
(frequency, variability, agreement index, monolexemic
terms, confidence ratings), means for the focal colors were
compared to means for the remaining samples, classified by
OSA level (L values). One-way, two-tailed ANOVA was
used, with a significance level of p � 0.05. Within the
English language group, using English focal colors, we
found only one significant difference between nonfocal col-
ors and focal colors and that was for variability, F(12,
109) � 2.923, p � 0.00. Within the bilingual Vietnamese
language group, using Vietnamese focal colors, we found
significant differences only for variability and they existed
for both methods of data reduction: before translation, F(12,
109) � 2.961, p � 0.00; after translation, F(12, 109) �
2.743, p � 0.00. Within the monolingual Vietnamese lan-

guage group, using Vietnamese focal colors, we found no
significant differences. Variability showed no tendency to-
ward near significance for focal colors compared to nonfo-
cal colors classified by OSA level. Thus, in this comparative
analysis, salience of focals is not significantly differentiated
from nonfocals. This finding is consistent with the free-
named centroid analyses presented earlier. Implications of
both are discussed below.

In summary, even with reduction to basic terms using a
variety of schemes, we found no greater consistency or
agreement in naming for centroids or focal colors. Thus, an
often assumed neurophysiologically based salience seems to
have no effect on naming behavior in a task where subjects
are permitted to access the lexicon freely and are given
sufficient time to make fine discriminations. The differential
impact of use of modifying terms on agreement was elim-
inated in the data reduction and still no greater agreement or
confidence was found for those color appearances hypoth-
esized to have greater perceptual salience. Berlin and Kay’s
finding that basic terms are used more frequently than
nonbasic terms was confirmed for these two languages.
When differences in the use of modifiers were eliminated,
color appearances were named in a highly similar manner
across the three languages. None of the other predictions of
the Berlin and Kay model regarding focal salience were
supported by our findings.

Mapping of Terms to the OSA Color Space. Reduction to
Berlin and Kay categories revealed an uneven distribution
of terms across the levels, proportionate to the distribution
of hues within OSA color space. Although the terms blue,
green, and purple were applied to samples spread fairly
evenly from Levels �4 to 3, orange was used only from
Levels �1 to 4, red was used from Levels �3 to �1, pink
was used from Levels 0 to 4, brown was used from Levels

FIG. 7. Mean frequency of the modal term following data
reduction to monolexemic stems with blue and green as a
single category, by OSA level and language group.

TABLE VII. Revised measures of agreement by lan-
guage following data reduction.

Classification Method
Mean

frequency
Mean

variability

Monolingual English
Berlin and Kay categories 23.98 3.02
Monolexemic categories 21.11 5.74

Bilingual Vietnamese
Berlin and Kay categories

(before translation) 23.36 2.68
Berlin and Kay categories

(after translation) 19.65 3.19
Monolexemic categories

(before translation) 22.91 3.05
Monolexemic categories

(after translation) 19.40 3.60

Monolingual Vietnamese
Berlin and Kay categories

(before translation) 23.56 3.32
Berlin and Kay categories

(after translation) 21.25 3.84
Monolexemic categories

(before translation) 21.74 5.56
Monolexemic categories

(after translation) 19.50 6.06
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�5 to �1, and yellow was used primarily from Levels 2 to
5. These patterns are consistent across the three languages.
So, in monolingual Vietnamese, yellow is used from Levels
0 to 5, red from �3 to �1, pink from 0 to 4, brown from �5
to �1, whereas blue, green, and purple are distributed
across all levels except 4 and 5. The levels where terms
occur correspond to the regions identified by Berlin and
Kay2 and higher frequencies tend to occur at the levels of
saturation most similar to the Munsell samples they em-
ployed. This finding provides indirect confirmation of Ber-
lin and Kay’s mapping of terms to the mercator projection
of the Munsell stimulus solid they used.

When color samples were selected based on their Berlin
and Kay category membership (in English) and mean con-
fidence ratings were plotted by OSA level, an inverted “U”
shape emerged for red, pink, yellow, brown, and orange,
suggesting that confidence in naming increases until it
reaches a point of optimal saturation (as a function of
lightness level) and decreases otherwise. For example, con-
fidence peaks at Level 4 for yellow, as shown in Fig. 8.
However, a more complex pattern across levels emerges for
blue, purple, and green, as shown in Fig. 9 for blue. One

interpretation of this jagged pattern is that alternate peaks in
confidence occur at the focal points of subcategories within
each larger category named by a term such as blue, perhaps
corresponding to colors designated by using terms such as
turquoise. A similar pattern occurs for purple and green,
with confidence peaks where terms such as magenta or
chartreuse (lime green) might be used. The larger number of
OSA levels encompassed by the Berlin and Kay terms blue,
green, and purple may give rise to such subcategories.28

Additional support for the idea that confidence is related
to language usage rather than color characteristics is pro-
vided by the observation that confidence peaks exist at
different levels for subjects in different language groups.
This may be related to Berlin and Kay’s2 identification of
different focal colors in the two languages, as listed in
Appendix B, Table B-2. Partial confirmation of this specu-
lation is found by examining further the confidence ratings
for the category of yellow. Vietnamese has no consensually
applied color term for orange; thus, monolingual speakers
tend to apply either the term vang (yellow) or do (red) to
samples called orange in English (and called cam by most
bilingual Vietnamese subjects). The confidence rating plots

FIG. 8. Mean confidence rating per sample for only those
items labeled “yellow” by English speaking subjects after
reduction to Berlin and Kay basic terms, by OSA level and
language group.

TABLE VIII. Revised correlations between confidence ratings and frequency or variability by language, after
data reduction.

Berlin and Kay
frequency

Berlin and Kay
variability

Monolexemic
frequency

Monolexemic
variability

Monolingual English confidence .63* �.54* .56* �.46*
Bilingual Vietnamese confidence

Before Translation .36* �.31* .34* �.30*
After Translation .43* �.46* .61* �.44*

Monolingual Vietnamese confidence
Before Translation .47* �.43* .44* �.45*
After Translation .60* �.54* .54* �.49*

* p � 0.01, two-tailed

FIG. 9. Mean confidence rating per sample for only those
items labeled “blue” by English speaking subjects after re-
duction to Berlin and Kay basic terms, by OSA level and
language group.
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for yellow reflect this wider dispersion of term use by
showing no clear peak in the monolingual Vietnamese rat-
ings. Where the term yellow is applied to a smaller set of
samples, there exists a clear peak in the English confidence
ratings. This pattern is confirmed by inspection of plots for
orange and for the samples labeled vang by monolingual
Vietnamese subjects (omitted due to space constraints). In
contrast, when colors are selected based on their English
Berlin and Kay categorization in the category blue, the
confidence peaks appear in the same places for Vietnamese
speakers as for English speakers, even though the Vietnam-
ese language contains no single word for blue. We believe
this different pattern of confidence ratings demonstrates that
confidence is more dependent on the goodness of fit be-
tween names and exemplars, than upon the qualities of the
samples being named. In Vietnamese, blue and green are
named in a highly consistent manner (see Table II) with the
use of multiple word modifications of the term xanh. Sam-
ples called orange by English speakers, or cam by bilingual
Vietnamese speakers, are called vang dam (dark yellow) or
do (red) by monolingual Vietnamese speakers. Other sam-
ples called dark yellow by English speakers are also called
vang dam by both bilingual and monolingual Vietnamese
speakers. Thus, modifiers are not used to distinguish be-
tween orange and dark yellow, introducing ambiguity that
may relate to the difference in confidence ratings of yellow
samples among monolingual Vietnamese.

Experiment 1 seems to suggest that salience for color
exemplars may be as closely linked to naming confidence as
it is to aspects of perceptual salience inherent in the color
sample stimuli. However, direct empirical study of relation-
ships between color naming, salience, and confidence are
required before any further discussion of such relationships
is warranted.

EXPERIMENT 2

It might be suggested that Experiment 1’s failure to find
naming differences between best-exemplar stimuli and
other stimuli sampled from the OSA space was attributable
to a failure to perceptually reproduce the OSA centroids or
the Munsell focals that other researchers have found to be
psychologically salient. To rule out this possibility, Exper-
iment 2 makes the following empirical checks: (1) an inter-
nal consistency check for centroid naming, and (2) a com-
parison of task effects for a monolexemic versus an
unconstrained naming task. Experiment 2 compares three
sets of equivalent stimuli: (1) the rendered centroid stimuli
used in Experiment 1, (2) actual Munsell focal chips, and
(3) OSA centroid tiles. Experiment 2 compares the same
color appearances, rendered in three different ways, in order
to determine whether stimulus or task effects might explain
the lack of salience observed in Experiment 1. If, in Exper-
iment 2, the naming of rendered centroid stimuli is indis-
tinguishable from the naming of actual Munsell chips and
OSA tiles, then it seems unlikely that the Experiment 1
failure to distinguish centroid salience from noncentroid
salience is attributable to stimulus properties.

Participants

Two tasks (constrained monolexemic naming and uncon-
strained free listing) were presented to two groups (mono-
lingual English speakers and bilingual Vietnamese speak-
ers) in a 2 � 2 between-subjects design. The number of
subjects ranged from 15 to 17 in each group. All subjects
volunteered through the human subject pool and partici-
pated for partial course credit, and all were screened for
normal (corrected) vision and for normal color vision, as
described for Experiment 1.

Stimuli

Subjects were presented with 30 surface color samples,
including 10 randomly selected focal hues as identified by
Berlin and Kay,2 10 corresponding category centroids from
Boynton and Olson,10 and 10 best-exemplar equivalents
from the set of rendered stimuli used in Experiment 1.
Actual Munsell chips and OSA tiles were used to represent
the focals and centroids. For example, if an English focal
“red” was randomly selected, then the equivalent OSA tile
was also selected (as defined by Boynton and Olson10), as
was the equivalent rendered stimulus from our set. Stimuli
used in Experiment 2 are listed in Appendix B, Table B-3.

Procedure

All aspects of the physical environment (including am-
bient illumination and viewing distance) were controlled as
described in experiment 1. Subjects were shown each sam-
ple by an experimenter (the actual Munsell chip, actual OSA
tile, rendered centroid stimulus) in random sequence and in
isolation. The self-paced task was either to (1) name the
stimulus with the use of a monolexemic term, or (2) name
the stimulus freely (as described in Experiment 1). In each
condition, the subject named all 30 samples twice in differ-
ent random orders.

Results and Discussion of Experiment 2

Experiment 2 data were examined to address four issues:
(1) within-subject naming consistency, (2) frequency of
modal naming, (3) cross-language modal term congruence,
and (4) denotative equivalence of best exemplars from the
three different stimulus sets. Each of these issues is dis-
cussed below.

Individual Naming Consistency.This analysis evaluated
whether individual subjects consistently named color stim-
ulus samples twice. It was expected that a subject would
apply the same stem term to the same sample each time it
was encountered. The percentage of times this occurred was
computed for each subject across the 30 samples. The mean
percentages for each task group (monolexemic vs. freelist)
were then compared, as shown in Table IX. For the free-list
task, where modifiers were permitted, mean modifier use
was also calculated. This was defined as the percentage of
observed responses in which a stem term was qualified by
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one or more modifying terms (e.g., pale, vivid, etc.). On
average, subjects were highly consistent when repeatedly
naming color samples (see Table IX, row 1). Two-tailed t
tests compared (1) English-monolexemic and English-freel-
ist conditions, and (2) Vietnamese-monolexemic and Viet-
namese-freelist conditions. No significant differences were
found in mean consistency of naming across tasks (p �
0.05) within each language. These data lend confidence to
the within-subject reliability of naming in both Experiments
1 and 2.

Modal Name Frequency.This analysis examined whether
the kind of task affected the choice of names assigned to
stimuli. It tested whether the modal names given to color
stimuli (with or without modifiers) were used with equal
frequency across the two naming tasks (monolexemic vs.
free listing). High modal frequencies of naming across
tasks, if observed, would indicate within-group consensus
regarding the modal stem terms used to name color samples,
and suggest that across-task modal stem naming is similar
for any given color sample. For this comparison, the per-
centage of subjects using the modal term to name each
sample was computed. Table IX, row 3, shows the mean
frequency of modal term use for the groups and tasks
collapsed across color samples. Two-tailed t tests between
the tasks within each language group revealed no significant
differences. These data indicate that (1) on average, sub-
stantial within-group consensus exists regarding the modal
stem term assigned to samples, and (2) even when modifiers
are used (e.g., as permitted in the free-list task) the stem
term name that is modified is used with the same level of
frequency across tasks. This suggests that access to modi-
fiers (constrained in the monolexemic task used here) does
not substantially affect the choice of stem term assigned to
a sample.

Cross-Language Modal Term Congruence.This analysis
demonstrated that the design of Experiment 1 did not in-
herently preclude the possibility of differentiating best-
exemplar salience from non-best-exemplar salience. It
could be argued that Experiment 1 found no differences in
salience for focals and centroids compared to other color
samples, because the unconstrained use of modifiers made
naming agreement exceedingly unlikely. To address this
issue, Experiment 2 tested whether the monolexemic and
free-list tasks were capable of yielding agreement in naming
across languages. If the type of task (monolexemic vs. free

list) had no impact on agreement in Experiment 2, then we
can more confidently assume that our use of unconstrained
naming did not preclude finding agreement for centroids in
Experiment 1 either. Thus, if Experiment 2’s two tasks and
centroid stimuli allow for similar levels of naming agree-
ment across languages, then it is not unreasonable to sug-
gest that a within-language finding of differential salience
for centroids relative to noncentroids was an allowable
outcome in Experiment 1.

To assess cross-language congruence in naming, we
counted the frequency with which an equivalent stem term
was used to name the same color sample across the two
languages. Names were considered equivalent glosses when
they corresponded with the Berlin and Kay2 translations.
For example, red and do were equivalent, yellow and vang
were equivalent, and so on. All such translations were
verified by research assistants with native Vietnamese pro-
ficiency. Because different focal hues are identified by Ber-
lin and Kay2 for the two languages, different subsets of
stimuli were necessarily used in the two language groups.
Thus, only the mean modal-term frequencies for the 12
color stimuli common to both language tests were consid-
ered. Across languages, and within task, these mean fre-
quency variables of 12 values were statistically compared.
Two-tailed t tests (p � 0.05) showed no significant differ-
ences in the frequency of equivalent modal gloss use across
languages for monolexemic naming or freelisting tasks.
Although this test is limited by the modest overlap of the
two language’s color samples, the results support our belief
that congruency for naming individual samples with a trans-
lated modal term gloss is possible in the unconstrained
naming task presented in Experiment 1.

Comparison of Best-Exemplars From Different Color
Order Systems. If the stimuli presented as equivalent are in
fact the same, they should be named with the same stem
term. This analysis determined (1) whether the equivalent
best-exemplar stimuli from three different stimulus sources
(Munsell focals, OSA centroids, and our rendered centroids)
were all named using the same category stem term, and (2)
whether our rendered versions were named with use of the
same term as the equivalent Munsell focals and OSA cen-
troids. For example, we reasoned that if subjects assign the
same name to all three versions of these samples with high
consistency, then our failure to observe salience in measures
of agreement in Experiment 1 requires some explanation
other than subtle differences between our stimuli and those
used in previous studies.

During stimulus creation (described for Experiment 1),
colorimetry measures found the rendered centroid stimuli to
be close perceptually to measures of OSA centroids and
Munsell focals, and deemed perceptually “equivalent.” Ex-
periment 2’s comparison of rendered stimuli against actual
OSA tiles and actual Munsell chips provides a direct em-
pirical test of the colorimetric “equivalents.” Across the
three stimulus types, we compared (1) frequency of naming
with the same modal term, and (2) frequency of modal term
use across language groups. We made comparisons within
and across both tasks and languages using two-tailed t tests.

TABLE IX. Mean naming consistency, mean modifier
use, and mean frequency of modal term use across
subjects in two language groups and for two tasks.

Monolexemic task Free-list task

English
(n � 16)

Vietnamese
(n � 17)

English
(n � 15)

Vietnamese
(n � 16)

Naming
consistency (%) 96.4 94.7 94.3 95.0

Modifier use (%) — — 44.0 36.2
Frequency of modal

term use (%) 90.2 87.2 91.3 86.6
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Separate analyses of the bilingual Vietnamese group’s
monolexemic and free-list naming data revealed no signif-
icant differences (p � 0.5)k in mean modal term naming for
any of the possible comparisons of Munsell focal chips,
OSA tiles, or rendered centroids. Similarly, for our English
subject group, separate analyses of monolexemic and free-
list naming data revealed no significant differences (p �
0.5) in any of the possible comparisons of the three stimulus
types, with one exception. Monolexemically named OSA
tiles were found to be significantly less likely to evoke the
modal stem term compared to monolexemically named ren-
dered centroid stimuli (Table B-3, column 3). This one
significant difference most likely occurred because the ac-
tual OSA tiles were, on average, less frequently named with
a modal stem term (M � .76) and were named with greater
variability (SD � 31.2) compared to the overall mean
frequency of observed modal naming for the rendered stim-
uli (M � .98, SD � 7.8). Reasons for this are discussed
below. This was the only comparison (out of 12 compari-
sons made) in which the naming of best-exemplars from one
stimulus set was found to be different when compared with
other stimulus system equivalents.

These findings, which (1) confirm the equivalence of
stimuli, and (2) demonstrate cross-language naming congru-
ence in both tasks, provide indirect evidence that Experi-
ment 1’s results most likely reflect real color-naming be-
haviors and are not simply attributable to aspects of
experimental stimuli or design.

These Experiment 2 results for both language groups (31
monolingual English and 33 bilingual Vietnamese speakers)
showed an overwhelming tendency for subjects to use the
identical color-term stem when naming the Berlin and Kay
category focals, our rendered best-exemplar centroid stim-
uli, and the Boynton and Olson OSA centroids (to a lesser
degree). As might be expected from the results of Experi-
ment 1, the same stem was used by different subjects to
name the three versions of the same item, but the actual
naming behavior differed considerably in comparisons
across language conditions. The primary characteristics of
the observed variation across conditions were (1) extensive
use of modifying terms (e.g., dark, strong, pure), and (2)
extensive use of objectifying composites (e.g., brick red,
sky blue).

In view of this empirical evidence, we believe our stim-
ulus rendering is accurate at a level permitting demonstra-
tion of differences between best exemplars and other cate-
gory members if such differences existed. Beyond these
empirical demonstrations, there are additional reasons why
criticism of stimulus rendering cannot explain our findings.
Imperfect correspondences between best-exemplar stimuli
from the Munsell and OSA color order systems are also a
product of the different ways the systems structure the color
space. For example, the Munsell system includes unitary,
well-saturated examples of the category regions for red and

brown. The OSA system, on the other hand, does not
optimally represent these regions.44 The comparative stem
term usage in Experiment 2 is impacted by presentation of
these less-than-optimal OSA tiles. Depressed stem usage for
several OSA samples (especially for brown, orange, and red
samples) most likely drives the one significant difference
observed across the two color order systems. An analogous
pattern is seen in the Vietnamese naming of categories do
(red) and nau (brown). This difference is important because
it illustrates two problems: (1) the difficulties of finding a
color stimulus set with formally modeled isotropic proper-
ties that has excellent exemplars for all color categories, and
(2) the difficulties of making comparisons between color
order systems with different color space properties. Exper-
iment 2 yields satisfactory levels of observed correspon-
dence in stem usage between the Munsell samples and our
rendered samples. We are less enthusiastic about the corre-
spondences between the OSA samples and the other two
sets, but our data suggest that this exists largely because of
deficient best exemplars for red, brown, and orange found in
the OSA/UCS tiles.

Previous investigators have made similar observations
about the OSA tiles. Boynton and Olson10 discuss the de-
ficiencies of certain chromatic samples (p 104) and achro-
matic samples (p 101) in the OSA set. Sturges and Whit-
field44 also discuss the “limited range of OSA space” (p
370) and empirically demonstrate that the sample for red is
ranked below purple—a finding clearly at odds with a
model that asserts greater salience for all landmark colors
(red is landmark, purple is not). Finally, despite these ren-
dering issues, our failure to find centroid salience in Exper-
iment 1 is unlikely to be the result of suboptimal rendering.
In Experiment 1, when we omitted from our ANOVA
analyses the most poorly rendered samples [based on the
Delta-E(L*a*b*) measures discussed in Appendix A] as
listed in Table B-2 (our red and yellow), and recalculated all
of our measures, we still found no significant differences in
any of the results comparing centroids with noncen-
troids—no greater salience of centroids by any of our mea-
sures.

The rendered centroids used in our study are perceptually
and colorimetrically matched (within tolerance) to the stim-
uli that Boynton and Olson10 and Berlin and Kay2 used.
Experiment 2 demonstrates that there is little practical dif-
ference in the way our best exemplar samples are named
compared to the actual centroid samples and focal chips
used by the other investigators. Based on these convergent
observations, we argue that the failure to demonstrate clear
differences in centroid versus noncentroid naming salience
cannot be dismissed because of inaccurate rendering of
other investigators’ best-exemplars. Maintaining the equiv-
alence of stimuli through careful stimulus control is essen-
tial to the generalizability of color-naming and psycholog-
ical salience results to other settings and situations in which
color categorization behaviors are assessed. It is important
for future color categorization research to provide compar-
isons of new results with existing results in ways that permit
the absolute determination of stimulus differences across

k No adjustment of the significance level for multiple t tests was made,
because we wished to allow maximum opportunity for any existing differ-
ence to be observed.
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research efforts. We have attempted to do that here by using
colorimetric measures of color difference and empirically
testing the pragmatic aspects of naming best exemplars. It is
our belief that this general method of comparison would
likely increase the comparability of future research in this
area.

GENERAL DISCUSSION

The results presented here demonstrate that real differences
are found in the ways that our ethnolinguistic populations
name surface color samples—a finding that is not consistent
with a strict notion of color-naming universality. Further-
more, little support was found for distinct salience of pre-
viously published focal or centroid exemplars. However, it
might be argued that salience is a property of regions of the
color space, not individual color samples. If so, then the
differences observed across ethnolinguistic groups in our
study still lead us to believe that salience emerges through
the process of naming rather than from a shared neural
physiology.

The very purpose of naming seems inconsistent with
extreme sensitivity to stimulus characteristics, including the
stimulus selection and rendering issues explored in Exper-
iment 2. If we assume that an important purpose of cogni-
tive color naming is to label best exemplars of color cate-
gories, and we further assume that naming occurs as a
continuous function rather than point-wise (a specific color
percept), then any color appearance that is reasonably close
to the actual best-exemplar centroid should, with a high
probability, be named with the same term as the centroid.
This implies that for any given color category, the proba-
bility that naming will produce a straightforward mapping
between color terms and color appearances will be maxi-
mized in a central region of the category, and will contin-
uously decrease as the function extends away from the
central region, as suggested by Kay and MacDaniel.3 Color
appearances that are close to the theoretical peak centroid
will fall within the envelope of appearances named with the
same term as that of the centroid.

As support for a probabilistic description of the operation
of naming, consider the differences between the focals
identified empirically by Berlin and Kay, and the centroids
identified by Boynton. When new samples of each are
viewed side by side, these category best exemplars are
clearly not perceptually identical. When viewed under the
controlled C-illuminant conditions or in more naturalistic
viewing situations, none of the category best-exemplar sam-
ples exactly match. Yet, empirically, these two perceptually
different sets of best exemplars both produced results sug-
gesting universality of psychological processing salience
(see Experiment 2). Boynton and colleagues15 suggest
equivalence between his centroid findings and those of the
focals of Berlin and Kay, but between these two studies, the
samples are far from equivalent with respect to any percep-
tual criterion. A further lack of equivalence across studies
arises because individual visual systems will produce idio-
syncratic, subtle variation in response to many stimulus

centroids, giving rise to individually different metameric
equivalence classes. Thus, an important function of naming
must be to allow best-exemplar naming tolerances that
accommodate slight differences across individuals’ color
perception, for the sake of communicating with other mem-
bers of one’s linguistic group about color. This same lan-
guage-based accommodation results in the cultural differ-
ences evident in our cross-language comparison. See
Jameson45 for further discussion on the relation between
naming and color perception.

Our results do not challenge the existing literature on
salience of basic terms or exemplars, but rather question the
proposed basis for that salience—a universal underlying
opponent-process neural physiology. In the paragraphs that
follow, we propose an explanation for the observed salience
in previous studies, and the lack of salience in our own
research and that of several current researchers. In part, we
believe the discrepancy arises from differences in cognitive
processes that are made evident with changes in methodol-
ogy. A key difference between research showing salience
and research that fails to find salience is the manner in
which the subjects were questioned. In Berlin and Kay’s2

research, subjects were generally asked to provide color
samples for category names specified by the experimenter,
whereas in the research of Boynton and colleagues, subjects
were asked to provide category names for color samples
presented by the experimenter. Similar to Boynton and
colleagues, we asked subjects to provide names for color
samples presented by the experimenter, but unlike the pre-
vious studies, we did not constrain subjects to monolexemic
naming, but rather permitted them to list freely the best
available color name, regardless of naming complexity. The
“best” name given was idiosyncratic to each individual
subject. Thus, there exist two levels of difference between
our experimental task and that of previous researchers: (1)
providing names versus providing color samples and (2)
unconstrained versus constrained naming.

Despite the tendency of color-naming investigations to
consider the two modes as directly comparable, different
results are obtained when names are assigned to samples
than when samples are selected to exemplify provided
names. These asymmetries alone may be enough to account
for the observation of salience of stimuli in one paradigm
and failure to observe it in another paradigm. Moreover,
similar task-dependent naming-relation asymmetries have
been observed in other psychological domains (such as
emotion) naming employing different judgment tasks.46–48

Thus, it is plausible that the assignment of color terms to
color appearances by a cognitive naming function is not
symmetrical and does not exhibit the property of reciprocal
signification when assessed. Until the consequences of such
naming-relation asymmetries are better understood, reason-
ing from empirical findings toward theories of the psycho-
logical salience of color stimuli and semantic labels will be
difficult. These asymmetries may be due to selection set
effects similar to those found in other psychological do-
mains, such as Kahneman and Tversky’s49 “frame” effects
or Braun and Julesz’50 “stimulus set” effects, or they may be
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a property of other category-exemplar lexical mappings that
have yet to be elucidated. We believe the latter explanation
is most likely, for reasons stated below.

As evidence of the impact of task demands, consider the
effects of reducing our free-list data to Berlin and Kay’s2

categories. The key result is that the naming data from the
three languages converge toward a similar naming pattern,
much like that found by Boynton and colleagues and Berlin
and Kay and colleagues, using a task that was artificially
constrained for experimental simplicity. To see this, com-
pare Figs. 3 and 7. Figure 3 illustrates the frequency differ-
ences across languages with the use of our unconstrained
color-naming task. Figure 7 represents the same stimuli and
responses after applying a data reduction technique that
approximates the responses that a subject would provide if
given a monolexemic naming task or a Berlin and Kay
categorization task.

This is not intended to imply that the Berlin and Kay or
the Boynton and Olson results are mere methodologic arti-
facts—a comment that has been made elsewhere.51,52

Rather, we interpret the observed discrepancy to imply that
empirical method greatly influences the structure of result-
ing data. We believe that uniformity of experimental con-
text has contributed to the consistency of findings in previ-
ous research. Berlin and Kay used two different empirical
procedures and two different stimulus sets, circumstances
that should have yielded two different results, yet they
obtained closely similar findings of salience. Before a pan-
human universality based on neurophysiology can be as-
sumed, competing explanations must be tested, including
other sources of panhuman universality resident in cogni-
tion. We propose that their results occurred because the
color-naming function is inherently asymmetric, mechanis-
tically, but produces reciprocity when sufficient experimen-
tal constraints are imposed (e.g., monolexemic naming). We
think the best way to establish a general model of color
naming and categorization—one that will predict across a
variety of stimulus formats, contexts, and tasks—is to iden-
tify those theoretical constructs that remain valid across a
variety of empirical designs and testing formats. An encom-
passing set of general principles must reconcile previous
findings with results such as those reported here.

It is incorrect to characterize our findings as a mere
context effect, just as it would be incorrect to characterize
the findings of other notable studies as such. We believe our
divergent results emerge from the process of naming itself.
Our findings are analogous to an imperfect mapping of color
terms across two different languages. For example, if the
color lexicon of Language A did not translate directly and
fully into the color terms available in Language B, then this
would be most accurately described as an incomplete or
nonreciprocal mapping by the naming function of Language
A to Language B. Similarly, in our study, we find that within
language and within subject, the mapping of names to colors
does not fully predict the mapping of colors to names. We
observe this failure of reciprocity as a feature of the color-
naming function, rather than a mere context effect. Charac-
terizing this study’s findings as a context effect assumes a

priori that the naming is reciprocal, without evidence to
support that assumption. In our opinion, whether the naming
function is reciprocal is an empirical question that has not
been fully considered in the literature to date.

Evidence from Dichromat subjects suggests that asym-
metric color naming is not merely a context effect. For
example, an extreme form of such an asymmetry between
cognitive organization of color names and color appear-
ances can be seen in the work of Shepard and Cooper.53

Their results suggest that in subjects with normal color
vision, color terms and color appearances are mapped in a
symmetric fashion. However, clearly different, asymmetric
mappings can also result, depending on whether linguistic
or visual criteria are emphasized, as found for color-blind
similarity scalings of color names compared with color
appearances. Furthermore, one half of the naming function
can be formed and maintained in the absence of the other
half, as in the case of the color-term similarity scalings of
the blind subjects.

The suggestion of a naming function that consists of
separate relational mechanisms for terms and appearances is
in accord with cases from the neurophysiologic literature.
For example, in reviewing neural disorders of internal color
space, Roberson et al.54 describe cases in which patients
exhibit the ability to name colors and yet cannot perceptu-
ally categorize the appearances (pointing to a dissociation in
the relational color appearance similarities coexisting with
an intact mapping of color names to appearances). More-
over, the opposite preserved ability to categorize colors by
name independent of an impaired ability to name colors is
discussed (suggesting perhaps a different form of dissocia-
tion between naming and perceptual identification). Exist-
ing findings also seem independently to localize the ability
to discriminate color to right-hemisphere function, com-
pared with a specific deficit of categorization and naming
localized to left-hemisphere function (see Davidoff55). Al-
though these neurologic data do not prove a mechanistic
division between the two mapping directions permitted by
the color-naming function, they are consistent with our
findings and our assertion of a qualitative difference in
underlying cognitive processes that manifests itself differ-
ently when making “verbal” versus “visual” responses.

Our findings clearly suggest the need to reevaluate the
concept of color salience and its relation to color naming.
As can be seen in Table III, considerable agreement exists
about the name for a sample, but the samples evoking
strongest agreement are different within the three different
language groups. This supports the idea of cross-language
agreement on semantic labels but does not support the idea
that specific samples are universally salient exemplars of
those labels. We strongly suspect that confidence may be a
better indicator of color salience than consensual naming or
response time.56 It may be that the feature that is both salient
and universal across our tested groups is the certainty with
which colors are named. Salience in this free-listing task
may be indicated by the degree to which individuals feel
they have produced the consensual response. These feelings
may be the hallmark of the appearances with which they are
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associated rather than the names given to the appearances,
which vary by language.

What Is the Color-Naming Relation?

The potential for different mappings between the lexicon
and color appearances under differing task demands implies
existence of a naming relation, a cognitive process that
assigns names to objects. We call this process the “naming
function.” If salience is not a by-product of the stimuli or the
terms themselves, as our research clearly suggests, perhaps
it is a by-product of this naming relation. We raise the
possibility that the similarities among the results of Boyn-
ton, Berlin and Kay, and their respective colleagues may be
second-order consequences of underlying panhuman prop-
erties of the naming function for color appearances. We
believe that our results and their incongruence with some
previous research can also be well explained by existence of
first-order psychologically salient features of color space
and color lexicons that are operated upon by the naming
function.

We propose that the naming function implements the
principles of an Interpoint Distance Model (described by
Jameson and colleagues29), as an alternative theory of color
naming and categorization supported by our results and
those of Berlin and Kay,2 Smallman and Boynton,57,58 and
Roberson and colleagues.21 The paramount criterion of the
naming function in everyday color experience is devising an
optimal and meaningful information code for the visible
color space given the use of two, three, four, or more basic
color terms. When assessed empirically with a color order
system such as the OSA/UCS or the Munsell Book of Color,
the optimal mapping of color names to color samples may
vary to accommodate color space differences. Thus, the
actual assignment of terms to color appearances would be
expected to vary as a function of the number of terms
available, and the number of samples to be denotated, with
a consequent impact on which color appearances are con-
sidered focal within a given category, and the use of specific
terms to identify them.

It seems reasonable to suggest that different naming
partitions would result if different stimulus sample sets were
initially used. Thus, an extensive sample of color appear-
ances would elicit a greater number of color term names
than would a smaller, less-representative, sample. Similarly,
it seems likely that placing a naming-task constraint (e.g.,
monolexemic naming or predefined category term labels)
would influence the manner in which color terms are ap-
plied to the stimulus space. In that case, confidence might
indicate the goodness of the fit between terms and appear-
ances given the options available in the context of a partic-
ular task. These aspects of color naming and categorization
are addressed by an Interpoint Distance Model (IDM) of
color categorization.

For the general case of categorization and naming, the
IDM proposes that lexical terms are mapped not onto ob-
jects but onto a relational stimulus structure of categories
and category members, to form a meaning space structure.

This meaning space can be limited to the stimuli presented
in the context of an experiment, or it may encompass the
entire range of stimuli accessible in memory by a given
individual. As the size and content of the meaning space
varies, so does assignment of names to objects in that space.
Note that this flexible assignment depends on stimulus
characteristics and the properties specified by the lexicon,
but is mediated by additional considerations of the extent
and content of the space to be named. Thus, category
structure (e.g., a hierarchy of basic and nonbasic labels for
color appearances) exists independent of the mapping onto
a stimulus space.45,48

Essentially, the IDM asserts that the best exemplars
within each category (i.e., the focal or basic color) will be
distributed to optimize the codability of color terms through
equality of interpoint distances between all best exemplars,
while secondarily striving to encompass approximately
equal areas across the category partitions (see Jameson45 for
a discussion of spatial and dimensional salience). We also
suggest that when resource limitations are imposed on sub-
jects by constraining the available names, by demanding
fast response times, or by imposing memory and cognitive
processing loads, naming more closely follows category
structure. When these constraints are relaxed, subjects are
better able to make fine distinctions among colors and color
names, and tend to rely less upon basic terms and focal
colors.

Predictions from the Interpoint Distance Model (IDM)

The findings in Experiment 1 and Experiment 2 presented
earlier support hypotheses following from the IDM just
described. For example, removal of the constraints present
in previous research (e.g., speeded response, restriction to
monolexemic terms) results in emergence of different focal
colors than previously identified (as shown in Table III).
Consistent with the theory, different focal colors emerge in
different languages due apparently to differences in access
to terms. The color appearances identified by confidence
and agreement were different in the different languages, and
different from those found in previous studies, and did not
appear to depend upon theoretically assumed category
structure or salience of exemplars. This is expected, because
the different languages tested possibly contain different
numbers of color categories,2,23 different numbers of mono-
lexemic terms, and tend to make different use of modifiers
for fine color distinctions. The IDM predicts, as observed,
that specific focal color stimuli identified by confidence and
agreement should be different in different languages, dif-
ferent than in previous studies, and should not be strongly
correlated with an opponent-process-based category sa-
lience.

The existence of universal color terms, without universal
application of those terms to the same color appearances, as
demonstrated in this study, provides strong support for the
IDM. Under that model, the use of color names and labeling
of color space seen in previous empirical studies may be
largely attributable to (1) the degree to which the sample
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tested represents all manner of exemplars from visible color
space, and (2) the constraints placed on the choice of names
by the experimental task used to assess naming, especially
monolexemic naming.

The IDM suggests that naming behavior is better pre-
dicted by psychophysical judgments and the characteristics
of the psychophysical meaning space obtained from such
judgments (i.e., Indow’s global color metric, 1980) than by
early neural coding (see Jameson and D’Andrade29). The
IDM is in accord with existing findings from the psycho-
logical scaling of color space59–61 and is partially supported
by the psychophysics literature, which suggests that it is not
a specific set of colors, per se, that are the crucial markers
to the color vision system, but the notion of color oppo-
nency —like that explained by Hering.13 D’Zmura and
Knoblauch62 have reported the existence of what appear to
be noncardinal color directions for orange and violet, con-
sistent with the work of Krauskopf et al.,63 who report
additional noncardinal axes. Such results suggest a growing
number of plausible alternatives to the fundamental colors
posited as the salient markers of color phenomenology by
Hering.13

Two important methodologic consequences emerge from
the IDM analysis of color-naming phenomena. First, if the
color order sample tested is extensive, representing a wide
range of stimuli from all possible dimensions of color space,
including hue, brightness, saturation, and so on, then the
universal labeling behaviors will most likely reflect names
applied to the space in a manner that describes the entire
color space. Second, once any given color term exists as an
item in a language’s lexicon, it will likely have a corre-
sponding cognitive best exemplar that all users of that
lexicon can imagine (cf. Hard and Sivik64). Despite the
existence of such best exemplars, there will be no universal
or panhuman agreement about any specific context-free
category regions, however large, labeled by terms that gloss
the same best-exemplar appearance for a given color cate-
gory. This latter point is a consequence of the naming
relation.

Previous research has shown that terms that gloss the
same meaning in different languages map onto different
best-exemplar color appearance stimuli cross-culturally.
When a given color category’s best-exemplar region is
extended to encompass the cross-cultural data, it no longer
represents a best exemplar but more closely approximates
the boundaries defining the actual category. The notions of
“best category exemplar” and “precise lexical category de-
scriptors” are countervailing properties of the phenomenon:
the former aims for context-invariant specificity, whereas
the latter strives for stimulus set generality. Neither serves
to optimize psychological salience of specific color per-
cepts. Although the lexicon suggests how one should imag-
ine an appearance tied to a color term, in its purest sense, the
fuzzy region defined by a color category only tells one
where to find the closest context-invariant neighbor of the
imagined appearance. This study makes no claim to have
addressed the issue of the universality of color naming and
best-exemplar color appearances. A study addressing that

issue would need to test a variety of monolingual speakers
in their own cultures. We do believe, however, that com-
pared to the standard methodologic approaches, this study
presents a stronger test of the notion of best-exemplar
salience and color naming by virtue of the pains that have
been taken to make valid comparisons between our findings
and previous results.

Bilingualism and Color Naming?

Bilingualism (or multilingualism) is a factor that may
deserve consideration in its own right in studies of cognitive
organization and psychological salience. The greater cohe-
sion of response among bilingual Vietnamese (indicated by
higher agreement indices) when compared with the other
monolingual groups is similar to a finding of Romney et
al.,40 who noted that, compared to Japanese or English
monolinguals, Japanese bilinguals also had more cohesion
for semantic structures involving emotion terms.

The bilingual subjects we tested may be described as
undergoing a process of losing monolingual proficiency of
their Vietnamese, while improving English proficiency.
Modifier use was an overwhelmingly common behavior in
the monolingual Vietnamese subjects we tested, and per-
haps this is one way a language with fewer color terms
compensates for the reduced number of terms available as
descriptors (Vietnamese is “problematic Stage VII,”
whereas English is “Stage VII”2). The assumption that col-
or-naming universalities can be adequately studied by fo-
cusing upon monolexemic terms is examined by Alvarado
and Jameson.65 Bilingual individuals we tested demon-
strated some hybrid variant of the color-naming function
that comingled the naming tendencies exhibited by the two
monolingual groups. Bilingual speakers were clearly influ-
enced by the naming practices of both languages, and their
choices were identical to neither of the monolingual groups.

CONCLUSIONS

Based on our data, we can conclude that even in a less
constrained naming task, there is a high degree of similarity
and agreement in naming both within and across languages.
Our findings were consistent with those of Berlin and Kay,2

and other researchers asserting universality of naming with
the use of basic color terms. When subjects were not con-
strained to monolexemic naming or to Berlin and Kay’s 11
basic categories, they nevertheless used those terms with
high frequency. However, the application of those terms to
specific color samples differed across language groups. We
found considerable differences between English- and Viet-
namese-speaking subjects in their use of modifiers to make
fine discriminations among colors appearances (see Al-
varado and Jameson65). Vietnamese speakers tended to use
more modifiers, whereas English speakers tended to use a
greater variety of monolexemic terms. Greater consistency
of response was found among bilinguals, and some evidence
of the effects of acquiring another language was noted in
their differing response patterns. We found no confirmation
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for increased salience of those samples identified as best
exemplars of color categories by previous researchers, in-
cluding Berlin and Kay’s focal colors and Boynton’s land-
mark hues, even after data reduction to approximate their
response constraints. Because great care was taken to re-
produce their stimuli accurately, we believe that this failure
to replicate salience demonstrates the effect of the differing
judgment task on naming. We propose that previously ob-
served salience may be explained as an emergent property
of the application, in part, of a cognitive naming function
under conditions in which naming is constrained. We sug-
gest that the need to maximize informational content of the
available terms will dictate the region of color space to
which they are applied and the focal exemplars within such
regions. Our findings also suggest that confidence ratings
are more strongly related to the mappings made by the
naming function than to inherent properties of the color
samples, or their labels.

In view of our findings, the extension of neurophysio-
logic models to color-naming behavior appears unwar-
ranted. We suggest a reconceptualization of the ideas of
color salience and basicness as a flexible phenomenon more
closely related to the need to encode perception in language
than to color vision. Moreover, salience and basicness may
be emergent from task demands and imposed constraints on
stimulus sampling and response options, rather than invari-
ant properties of stimuli or their names. Serious consider-
ation of alternative models, such as the IDM proposed by
Jameson and D’Andrade29 seems warranted.

Our data illustrate important complexities in color nam-
ing. These complexities make it impossible to ignore the
inadequacies of the typically favored neural processing
models that greatly oversimplify the cognitive processing of
color. Reliance on a view of color categorization as emer-
gent from opponent-process color vision is untenable given
that simple manipulations of experimental context and ac-
cessibility of terms have a strong impact on observed sa-
lience. Universality of naming and salience do exist, but we
must consider alternative cognitive processing models in
order to fully explain them—in the domain of color naming
and in other domains.
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APPENDIX A

Color stimulus specification

The heuristic used to select stimuli from the 424 samples
of the OSA/UCS32 consisted of applying a transparent
graph-paper grid overlay to the 13 OSA levels presented by
Boynton and Olson (Fig. 110) and defining a midpoint for
each Level using the graph-paper gridlines, followed by
selecting samples along eight possible radial lines at specific
grid-intersection intervals (thereby avoiding entirely the use

of the OSA spacing metric in the choice of stimuli). Al-
though this method is clearly not a random selection tech-
nique, its advantages are that it is not explicitly based on any
of the dimensions of color space, and it does not rely upon
the spacing of the OSA parameters. In addition, it selects a
sample that proportionally represents the different lightness
levels of the OSA solid, while providing a reasonable rep-
resentation of all the hues in the space.

Centroids.The desired Boynton and Olson10 centroid
stimuli were rendered at Delta-E (L*a*b*) � 8.5. This is
within the acceptable tolerance of Delta-E (L*a*b*) � 10.0
found to provide color-difference calculations that model
visual color differences (see Pointer and Attridge66). Note
that much of this variation is not chromaticity (i.e., hue), but
is attributable to variation in the lightness parameter (Y) of
the CIE (1931) chromaticity measures, as evidenced by the
computed difference for the CIE *ab* parameters (�Eab) of
6.30 for the centroids. Thus, the hue matches are quite
accurate, and the rendered stimuli differ primarily in the
lightness component.

Focals.The closest approximations in our 110-item sam-
ple to the Munsell chips identified as focals for Vietnamese
and English lexicons2 were found to be rendered at an
average �Eab � 66.54 for Vietnamese, and �Eab � 61.52
for English. Although this color-difference measure is not
within the recommended tolerance, it should be noted that
the chips visually matched the rendered samples within a
reasonable degree of variation. This difference is partly
attributable to the high degree of lack of correspondence
between the OSA stimulus set and the Munsell Book of
Color stimulus set, as discussed by Boynton et al.15 We
address this point in Experiment 2 when we argue for the
validity of comparisons between our stimuli and the Berlin
and Kay2 results.

Ninety-nine Additional Samples.Over the entire set of 110
stimulus items, there was an average �Eab difference of 11.88
between the measured OSA tiles and the rendered counterparts
used in our study. This is well within an acceptable range of
rendering given that the �Eab between controlled repeated
measures of the same stimulus under the same illuminant can
be as great as 2.0. Furthermore, our overall rendering of the
110 OSA stimuli is more precise than the computed differ-
ences typically found between printed versions of the OSA
tiles and the published colorimetric data for the same tiles.33

For example, the average �Eab between the our measurements
of the OSA tiles and the published data (as reported by Mac-
Adam, cited in Wyszecki and Stiles31) on the corresponding
tiles equaled 15.99. Compare this with the average �Eab be-
tween the measured OSA tiles and measurements of our ren-
dered approximations of those tiles, which equaled 8.58 for the
centroids and 11.88 for all 110 stimuli. These data demonstrate
that our renderings are well within the amount of colorimetric
difference that can occur when comparing (1) differences in
printed versions of the OSA stimulus set, and (2) colorimetric
drift in the actual samples as a function of the passage of time.
Our computed measure of �Eab � 15.99 probably includes the
contribution of both sources of variation.
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APPENDIX B

TABLE B-1. Measured chromaticities for rendered stimuli.

Rendered OSA stimuli for Boynton and Olson’s10,11 centroids

OSA triple Measured CIE 1931 chromaticities

L j g Y x y �Eab

Red �4 2 �8 39.06 0.46 0.33 19.59
Green 0 4 4 57.91 0.36 0.45 5.44
Yellow 3 11 �1 99.47 0.44 0.45 21.17
Blue �1 �3 3 40.69 0.28 0.31 5.12
Brown �3 3 �3 23.14 0.44 0.38 6.41
Purple �3 �3 �1 25.66 0.36 0.31 8.07
Pink 1 1 �5 54.76 0.42 0.33 6.85
Orange 0 6 �6 55.47 0.50 0.40 5.04
Chartreuse 0 8 2 70.51 0.41 0.48 8.97
Turquoise 1 �1 5 47.18 0.28 0.37 2.23
Peach 4 4 �4 81.08 0.42 0.39 5.55

Centroid Mean �E: 8.59
Centroid Mean �a*b*: 6.30

99 additional rendered OSA stimuli

�6 �2 2 33.15 0.29 0.31 25.07
�6 0 2 18.02 0.33 0.37 15.28
�6 2 �4 28.64 0.46 0.36 19.21
�5 �3 1 21.03 0.34 0.31 9.94
�5 �1 �1 19.26 0.35 0.34 8.37
�5 �1 1 20.14 0.33 0.36 10.49
�5 1 �1 26.54 0.38 0.38 11.94
�4 �4 2 26.90 0.29 0.31 15.16
�4 �2 �2 29.60 0.37 0.32 10.89
�4 �2 0 14.78 0.34 0.33 4.67
�4 �2 4 29.68 0.30 0.36 16.30
�4 0 �2 19.28 0.38 0.36 5.20
�4 0 2 16.64 0.34 0.37 7.42
�4 2 �4 25.58 0.43 0.36 10.87
�4 2 �2 22.84 0.44 0.38 4.09
�4 2 4 27.10 0.33 0.41 11.50
�4 0 �4 28.09 0.40 0.33 10.63
�3 �3 1 23.98 0.30 0.30 4.39
�3 �3 3 26.88 0.31 0.34 12.14
�3 1 �7 37.76 0.43 0.34 14.89
�3 1 �5 29.30 0.45 0.36 7.15
�3 1 �1 26.98 0.39 0.36 4.34
�3 1 1 20.03 0.34 0.38 4.03
�3 3 �1 40.42 0.40 0.41 11.12
�3 3 1 24.05 0.36 0.44 6.48
�3 3 5 38.79 0.32 0.45 10.38
�2 �4 �2 38.69 0.34 0.30 8.62
�2 �2 �4 31.55 0.37 0.29 20.81
�2 0 �8 43.30 0.46 0.33 8.62
�2 0 �4 26.06 0.40 0.33 3.59
�2 2 �8 45.52 0.46 0.35 13.46
�2 2 �2 48.84 0.42 0.38 9.82
�2 2 2 47.26 0.33 0.40 11.49
�1 �3 1 39.49 0.28 0.30 6.20
�1 1 �1 61.50 0.39 0.37 11.63
�1 3 �9 38.09 0.50 0.36 6.89
�1 3 �7 45.92 0.48 0.37 6.48
�1 3 3 49.38 0.34 0.44 6.04

0 �4 �2 56.92 0.34 0.32 11.36
0 �4 4 51.14 0.27 0.31 5.78
0 �2 �2 52.02 0.35 0.32 4.24
0 0 �2 68.56 0.37 0.35 10.33
0 0 2 41.28 0.31 0.36 3.89
0 2 �8 49.51 0.45 0.35 7.38
0 4 �4 56.15 0.46 0.38 5.13
0 4 �2 61.43 0.43 0.42 8.06
0 4 2 57.46 0.37 0.44 3.60
0 6 �2 58.82 0.42 0.41 12.26
1 �3 3 61.89 0.30 0.34 6.83
1 �3 5 59.68 0.26 0.33 6.82

(continued)
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Rendered OSA stimuli for Boynton and Olson’s10,11 centroids

OSA triple Measured CIE 1931 chromaticities

L j g Y x y �Eab

99 additional rendered OSA stimuli

1 �1 �3 51.25 0.37 0.32 6.30
1 �1 1 75.85 0.32 0.35 9.99
1 �1 5 60.13 0.29 0.37 4.45
1 1 �3 54.08 0.40 0.36 0.63
1 1 �1 44.03 0.39 0.36 6.40
1 1 3 60.03 0.31 0.39 5.37
1 3 1 70.84 0.36 0.40 7.21
1 5 �7 49.97 0.50 0.39 3.34
1 5 �3 62.95 0.44 0.41 4.10
1 5 3 75.61 0.38 0.45 8.67
2 0 6 71.15 0.31 0.38 11.42
2 2 �4 68.88 0.42 0.36 1.93
2 4 �4 60.97 0.45 0.38 4.57
2 4 �2 90.72 0.42 0.41 8.29
2 4 0 98.07 0.39 0.42 12.43
2 6 �6 69.10 0.44 0.39 18.24
2 6 �4 77.47 0.45 0.41 6.42
2 6 4 74.23 0.36 0.46 2.21
2 8 �6 62.05 0.49 0.42 9.73
2 8 0 86.60 0.42 0.45 9.68
2 8 2 90.04 0.41 0.47 6.33
2 8 4 64.57 0.40 0.49 5.95
3 �3 �1 93.33 0.34 0.35 12.11
3 �1 �5 78.79 0.39 0.34 5.77
3 �1 �3 79.78 0.37 0.34 1.10
3 �1 �1 10.40 0.36 0.35 41.97
3 �1 3 92.40 0.31 0.35 7.85
3 1 �3 83.79 0.39 0.35 3.81
3 1 1 98.12 0.34 0.37 8.47
3 3 3 84.31 0.36 0.42 5.53
3 5 �3 88.37 0.41 0.39 10.94
3 5 3 84.74 0.37 0.43 4.41
3 7 �3 82.01 0.44 0.42 6.18
3 7 �1 96.52 0.43 0.44 4.36
3 7 1 86.69 0.40 0.45 3.49
4 �2 0 96.56 0.35 0.35 7.20
4 2 �4 93.49 0.38 0.37 10.12
4 2 �2 84.34 0.41 0.38 6.08
4 2 0 12.34 0.36 0.37 47.84
4 4 0 11.10 0.38 0.40 49.63
4 4 2 99.61 0.38 0.42 4.39
4 6 0 11.36 0.41 0.43 52.99
4 8 0 11.01 0.44 0.46 56.00
4 10 0 10.94 0.44 0.46 63.00
5 �1 �1 11.13 0.36 0.36 50.02
5 1 �1 10.35 0.36 0.36 52.20
5 3 �1 10.39 0.39 0.39 53.63
5 5 1 98.52 0.39 0.43 5.15

Mean �E: 11.83
Mean �a*b*: 6.10

Note. Optical Society of American color space values (L,j,g) for 110 rendered stimuli. CIE (1931) chromaticity coordinates (Y,x,y) of the
rendered OSA samples are measurements of the actual stimuli used in the experiments (under illuminant C).
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TABLE B-2. Comparison of measured chromaticities for rendered centroids and focals with measured chroma-
ticities for actual OSA centroids and actual munsell focals.

Boynton and Olson10 CENTROID samples

English

OSA OSA samples measured
Rendered samples

measured

�x,y �a*b* �EabL,j,g Y x y Y x y

Red �4, 2, �8 16.76 0.53 0.34 39.06 0.46 0.33 0.07 9.82 19.59
Green 0, 4, 4 49.67 0.35 0.46 57.91 0.36 0.45 0.01 3.76 5.44
Yellow 3, 11, �1 82.54 0.48 0.47 99.47 0.44 0.45 0.04 20.39 21.17
Blue �1, �3, 3 35.05 0.27 0.32 40.69 0.28 0.31 0.01 3.84 5.12
Brown �3, 3, �3 25.59 0.46 0.39 23.14 0.44 0.38 0.02 6.10 6.41
Purple �3, �3, �1 21.33 0.33 0.30 25.66 0.36 0.31 0.03 7.23 8.07
Pink 1, 1, �5 52.16 0.42 0.35 54.76 0.42 0.33 0.01 6.74 6.85
Orange 0, 6, �6 46.04 0.51 0.40 55.47 0.50 0.40 0.01 1.90 5.04
Chartreuse 0, 8, 2 52.06 0.43 0.49 70.51 0.41 0.48 0.02 3.90 8.97
Turquoise 1, �1, 5 50.97 0.28 0.37 47.18 0.28 0.37 0.00 1.15 2.23
Peach 4, 4, �4 90.33 0.43 0.39 81.08 0.42 0.39 0.01 4.52 5.55

Mean � values: 0.02 6.30 8.59

Berlin and Kay2 Vietnamese FOCAL samples

Munsell
Munsell stimuli in 1931

CIE*
Rendered samples

measured

Vietnamese H V/C Y x y Y x y �x,y �a*b* �Eab

Do (red) 7.5R 5/14 0.20 0.56 0.34 38.09 0.50 0.36 0.07 33.04 65.52
7.5R 4/14 0.12 0.60 0.33 39.06 0.46 0.33 0.14 25.79 64.36
7.5R 3/12 0.07 0.62 0.31 37.76 0.43 0.34 0.19 17.19 62.44

Vang (yellow) 10YR 8/12 0.59 0.48 0.44 82.01 0.44 0.42 0.04 30.19 77.41
2.5Y 8/14 0.59 0.48 0.47 99.47 0.44 0.45 0.05 39.45 86.66

Xanh (grue) 2.5B 3/6 0.07 0.18 0.25 29.68 0.30 0.36 0.16 8.24 55.38
Nau (brown) 2.5YR 4/10 0.12 0.55 0.39 29.30 0.45 0.36 0.10 18.53 55.83

5YR 4/10 0.12 0.54 0.41 48.84 0.42 0.38 0.12 13.33 65.67
Tim (purple) 10PB 5/10 0.20 0.25 0.20 38.69 0.34 0.30 0.14 14.54 58.76
Hong (pink) 5RP 7/10 0.43 0.37 0.28 78.79 0.39 0.34 0.06 15.11 73.40

Mean � values: 0.11 21.54 66.54

Berlin and Kay2 English FOCAL samples

Munsell
Munsell stimuli in 1931

CIE*
Rendered samples

measured

English H V/C Y x y Y x y �x,y �a*b* �Eab

Red 7.5R 4/14 0.12 0.60 0.33 39.06 0.46 0.33 0.14 25.79 64.36
7.5R 3/12 0.07 0.62 0.31 37.76 0.43 0.34 0.19 17.19 62.44

Green 2.5G 5/12 0.20 0.24 0.51 38.79 0.32 0.45 0.10 23.79 61.76
2.5G 4/10 0.12 0.24 0.50 38.79 0.32 0.45 0.10 25.54 64.12

Yellow 2.5Y 8/14 0.59 0.48 0.47 99.47 0.44 0.45 0.05 39.45 86.66
Blue 7.5B 5/8 0.20 0.20 0.24 59.68 0.26 0.33 0.11 23.75 71.67

7.5B 4/8 0.12 0.18 0.22 40.69 0.27 0.31 0.13 15.50 61.89
10B 5/10 0.20 0.19 0.21 40.69 0.27 0.31 0.13 14.10 59.79
10B 4/10 0.12 0.17 0.20 40.69 0.27 0.31 0.16 14.40 61.62

2.5PB 4/10 0.12 0.18 0.19 33.15 0.29 0.31 0.16 9.45 56.10
2.5PB 5/12 0.20 0.18 0.19 51.14 0.27 0.31 0.15 18.20 66.19

Brown 2.5 YR2/4 0.03 0.46 0.35 19.28 0.38 0.36 0.08 4.18 48.30
5YR 2/4 0.03 0.47 0.37 19.28 0.38 0.36 0.09 4.56 48.34

7.5YR 2/4 0.03 0.47 0.40 19.28 0.38 0.36 0.10 5.12 48.40
Purple 5P 3/10 0.07 0.28 0.17 22.97 0.35 0.31 0.16 6.35 50.01

5P 2/8 0.03 0.28 0.17 21.03 0.34 0.31 0.15 6.35 50.13
Pink 5RP 7/10 0.43 0.37 0.28 78.79 0.39 0.34 0.06 15.11 73.40

5RP 6/12 0.30 0.39 0.26 54.76 0.42 0.33 0.08 22.64 67.51
Orange 10R 5/16 0.20 0.60 0.37 45.92 0.48 0.37 0.12 26.09 66.32

Mean � values: 0.11 16.71 61.73

Note. CIE 1931 chromaticity coordinates for the Munsell notations are from Wyszecki and Stiles32 [Table I (6.6.1) p 840].
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TABLE B-3. Three variants of English and Vietnam-
ese color sample stimuli used in Experiment 2.

English
Munsell
H V/C

Rendered
stimulus I.D.

OSA sample
L,j,g

Red 7.5R 4/14 70 �4,�2,�8
7.5R 3/12 79 �3,1,�7

Green 2.5G 5/12 55 �3,3,5
2.5G 4/10 55 �3,3,5

503 0,4,4
Yellow 2.5Y 8/14 10 3,11,�1
Blue 7.5B 5/8 23 1,�3,5

7.5B 4/8 64 �1,�3,3
10B 5/10 64 �1,�3,3
10B 4/10 64 �1,�3,3
2.5PB 4/10 81 �6,�2,2
2.5PB 5/12 39 0,�4,4

Brown 2.5YR 2/4 93 �4,0,�2
5YR 2/4 93 �4,0,�2
7.5YR 2/4 93 �4,0,�2

77 �3,3,�3
Purple 5P 3/10 92 �6,�2,�2

5P 2/8 84 �5,�3,1
85 �3,�3,�1

Pink 5RP 7/10 508 3,�1,�5
5RP 6/12 45 1,1,�5

Orange 10R 5/16 63 �1,3,�7
46 0,6,�6

Chartreuse 25 0,8,2
Turquoise 47 1,�1,5
Peach 21 4,4,�4

Vietnamese H V/C I.D. L,j,g

Do (red) 7.5R 5/14 71 �1,3,�9
7.5R 4/14 70 �4,�2,�8
7.5R 3/12 79 �3,1,�7

Vang (yellow) 10YR 8/12 22 3,7,�3
2.5Y 8/14 10 3,11,�1

Xanh (grue) 2.5B 3/6 72 �4,�2,4
Nau (brown) 2.5YR 4/10 88 �3,1,�5

5YR 4/10 507 �2,2,�2
Tim (purple) 10 PB 5/10 506 �2,�4,�2
Hong (pink) 5RP 7/10 508 3,�1,�5
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