











Fig. 4.

derived variants, in which the boundaries were deliberately shifted
away from their natural positions. Moreover, we would expect
well-formedness to drop off as a function of the amount of rotation
away from the naturally occurring Berinmo color-naming scheme.

These expectations were confirmed, as shown in Fig. 6, although
+2 columns rotation was a close competitor for maximum well-
formedness. The fact that well-formedness is maximized for the
unrotated version of Berinmo indicates that the attested Berinmo
color-naming system is more consistent with the universal structure
of perceptual color space, coupled with general principles of
category formation, than are any of the hypothetical rotated
variants. Thus, it appears that the Berinmo color-naming system is
located where it is along the hue dimension not because “color
categories are formed from boundary demarcation based predom-
inantly on language” (2), but rather because the structure of
perceptual color space makes its actual location the optimal loca-
tion. At the same time, the near maximum at +2 columns rotation
is also informative: It shows that small variations in boundary
placements sometimes lead to only very modest differences in
well-formedness, which may explain why similar languages can
differ somewhat in their boundary placements (4).

A More General Test

To test this idea more generally, we conducted the same rotation-
based analysis on each of the 110 languages of the WCS. We
predicted that well-formedness would be higher for the actually
observed data for a given language than for hypothetical versions
of that language, which were derived from the original by
rotation, as in the preceeding section. [The well-formedness
values of different languages often differ substantially, hamper-

Fig. 5. Berinmo color categories unrotated (Top) and rotated four (Middle)
and eight (Bottom) hue columns. Each colored region corresponds to a named
color category.
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W(CS color-naming systems that are dissimilar from the predicted optimal configurations.

ing easily visualizeable cross-language comparison. For this
reason, we transformed all well-formedness values to the range
(0-1) to make them comparable across languages: for each
language L, the minimum well-formedness value that any rota-
tion of L received was mapped to 0; the maximum value that any
rotation of L received was mapped to 1; and the values for all
other rotations of L were linearly transformed to lie between
these two extremes.] Fig. 7a shows the transformed well-
formedness value averaged across all WCS languages under each
rotation.

In general, well-formedness is highest when languages are unro-
tated, and greater rotation away from the naturally occurring
system results in correspondingly less optimal values, as predicted.
The fact that the mean transformed well-formedness value for
unrotated languages is near one, with little variation, indicates that
most languages have maximum well-formedness when unrotated.
To probe this issue directly, we also determined for each language
in the WCS which rotation of that language yielded the highest
well-formedness value. We then tallied how many languages had
their well-formedness maximum at each rotation. The results are
shown in Fig. 7b. Most languages (82 of 110) have their well-
formedness maximum at 0 columns rotation. There are some
languages that have their maximum elsewhere, but most are fairly
near 0 columns rotation.

These results show that the point that applied to Berinmo applies
more generally across languages: The color-naming systems of the
world’s languages tend to be positioned in hue just where the
structure of perceptual color space predicts they should be.
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Fig. 6. Well-formedness for Berinmo when rotated 0, 2, 4, 6, etc., hue
columns. The configuration that yields greatest well-formedness is the unro-
tated (attested) version.
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Fig.7. Rotation analysis of WCS data. (a) Well-formedness averaged across all 110
WCS languages as a function of rotation. For each rotation, the dot shows the
average transformed well-formedness value across languages and the bar shows the
standard error. (b) Number of WCS languages exhibiting a well-formedness
maximum at each rotation.

Discussion

The literature on color naming has recently been dominated by
the opposition of two major views: that color categories are
organized around universal foci (1, 7, 23) and that categories are
determined at their boundaries by linguistic convention (2-4).
For the latter view, the only major universal constraint on color
naming is that a category must occupy a connected region in
color space; aside from that constraint, the location of the
category and its boundaries in color space are a “free parameter”
(5), subject to presumably arbitrary cultural determination.
The model and data presented here do not align directly with
either of these two traditionally opposed positions. Instead, they
support the proposal of Jameson and D’Andrade (8): that color
naming is determined in part by general principles of categorization
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partitioning an irregularly shaped color solid. This view has in
common with the focal-color account that there are universal
perceptual constraints governing the position and shape, not just
the connectedness, of color categories across languages. But in
contrast with the focal-color account as usually articulated, there is
a potentially unlimited repertoire of foci. Every color is “focal”
(perceptually salient) to some degree, although some more than
others, and categories are formed by general principles of catego-
rization operating over the resulting uneven landscape. By the same
token, there are both similarities to and differences from the
linguistic-convention account. By casting color naming in terms of
a well-formedness measure based on similarity within and across
categories, we support the claim, and help to explain the fact, that
color categories tend to occupy connected regions of color space.
Moreover, our findings leave open the possibility that linguistic
convention may play some role in determining color category
boundaries. We have seen that not all languages are “optimally”
well-formed, and linguistic convention may be one force that can
pull a particular language away from a perceptually optimal parti-
tioning of color space. However, our results pose a direct challenge
to the proposal that language is free to carve up color space in any
conceivable manner as long as the resulting categories are con-
nected. For the joint effect of the irregularity of color space and
general principles of category formation appears to influence the
placement of color categories across the world’s languages. Thus,
our results provide an explanation for both the connectedness of
color categories and the particular positions in color space they tend
to occupy while also allowing for the possibility of a certain amount
of language-specific adjustment of these universal tendencies.

There is another possible reason why many languages do not
match the theoretically optimal configurations. All of the optimal
configurations were obtained by starting from a random assignment
of category labels to chips. In contrast, the color-naming system of
a given language has a history: It has evolved not from a random
state, but rather from an earlier category system, usually one with
exactly one fewer categories (1, 19). Thus, some languages may not
approximate maxima in well-formedness as much as they do points
on an evolutionary path leading from one maximum in well-
formedness to another.

Note. We have recently become aware of an independent formalization of
Jameson and D’Andrade’s proposal. N.L. Komarova, K.A. Jameson, and L.
Narens (personal communication) explore Jameson and D’Andrade’s pro-
posal as a basis for the evolution of stable systems of color categories. Our
goal of testing the idea against existing empirical data led us to a different
formalization.
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