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One of the fundamental problems in cognitive science is how humans cate-
gorize the visible color spectrum (Berlin & Kay, 1969). The empirical evidence
of the existence of universal or recurrent patterns in color naming across cultures
is paralleled by the observation that color names begin to be used by individual
cultures in a relatively fixed order (Berlin & Kay, 1969). The origin of this hier-
archy is largely unexplained. Here we resort to multi-agents simulations (Puglisi,
Baronchelli, & Loreto, 2008; Baronchelli, Gong, Puglisi, & Loreto, 2010), where
a population of individuals, subject to a simple perceptual constraint shared by
all humans, namely the human Just Noticeable Difference, categorizes and names
colors through a purely cultural negotiation in the form of language games (Steels
& Belpaeme, 2005; Puglisi et al., 2008). We found that if one ranks different
regions of the visible spectrum according to the time needed for a population to
reach consensus on a color name for each specific region, color spectrum regions
get organized into a hierarchy with [red, (magenta)-red], [violet], [green/yellow],
[blue], [orange] and [cyan] appearing in this order (see Fig. 1). The hierarchy ob-
served in our modeling scheme features an excellent quantitative agreement with
the empirical observations of the World Color Survey (Berlin & Kay, 1969; Cook,
Kay, & Regier, 2005; Baronchelli et al., 2010). Our results demonstrate a clear
possible route to the emergence of hierarchical color categories, confirming that



the theoretical modeling in this area has now attained the required maturity to
make significant contributions to the ongoing debates concerning language uni-
versals (Roberson, Davies, & Davidoff, 2000; Evans & Levinson, 2009).
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Figure 1. Time needed to reach consensus versus the value of Just Noticeable Difference, dmin, for
different regions of the color space corresponding to the colors reported in the legend (the approximate
wavelength (nm) associated with each colored data point is within parenthesis). Time is measured as
number of games per agent (N is the population size). The gray lines in both the plots represent a fit
of the respective data with an exponential function of the form Ae−αt.
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