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Abstract How can the large, systematic differences that
exist between individuals’ color preferences be ex-
plained? The ecological valence theory (Palmer &
Schloss, Proceedings of the National Academy of
Sciences 107:8877–8882, 2010) posits that an individ-
ual’s preference for each particular color is determined
largely by his or her preferences for all correspondingly
colored objects. Therefore, individuals should differ in
their color preferences to the extent that they have dif-
ferent preferences for the same color-associated objects
or that they experience different objects. Supporting this
prediction, we found that individuals’ color preferences
were predicted better by their own preferences for cor-
respondingly colored objects than by other peoples’
preferences for the same objects. Moreover, the fit be-
tween color preferences and affect toward the colored
objects was reliably improved when people’s own idio-
syncratic color–object associations were included in ad-
dition to a standard set of color–object associations.
These and related results provide evidence that individ-
ual differences in color preferences are reliably influ-

enced by people’s personal experiences with colored
objects in their environment.

Keywords Color aesthetics . Color cognition . Ecological
valence theory (EVT)

The study of human color preferences in psychology has an
erratic history, largely due to the high degree of variability
across individuals. Early researchers concluded that color
preferences were too idiosyncratic for empirical study (e.g.,
Chandler, 1928; Cohn, 1884; von Allesch, 1924). However,
Eysenck (1941) argued that these failures were due to the use
of unstandardized colors and inadequate statistical analyses.
His own results showed systematic effects with reliable agree-
ment among participants, which were confirmed and extended
by subsequent investigations of group averages (e.g., Granger,
1952, 1955; Guilford & Smith, 1959; Hurlbert & Ling, 2007;
McManus, Jones, & Cottrell, 1981; Ou, Luo, Woodcock, &
Wright, 2004; Palmer & Schloss, 2010; Taylor & Franklin,
2012). These studies indicated that average hue preferences
follow a relatively smooth, curvilinear function, with a peak at
blue and a trough around yellow to yellow-green. People gen-
erally prefer colors with greater saturation, although this result
may be limited to abstract colored swatches (Schloss, Strauss,
& Palmer, 2013). Color preferences may also increase with
increased lightness (e.g., Guilford & Smith, 1959; McManus
et al., 1981), although this pattern is not always evident (e.g.,
Palmer & Schloss, 2010). For reviews, see Whitfield and
Wiltshire (1990) and Palmer, Schloss, and Sammartino
(2013).

Despite robust, systematic patterns in average color prefer-
ences, there are still extensive individual differences. Indeed,
the variability across individuals is large relative to the vari-
ability within individuals across testing sessions (McManus
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et al., 1981). How can these individual differences be
explained?

Biological accounts of individual differences

One possibility is that individual differences are caused by
differences in the responses of photoreceptors. Physiological
differences in cone photopigments produce measureable dif-
ferences in the threshold sensitivities to different colors, due to
slight peak shifts in receptor response (e.g., the varieties of
color weakness among the population of so-called normal
trichromats). Even typical trichromats differ in their relative
numbers of retinal L, M, and S cones (Roorda & Williams,
1999), suggesting that such differences might underlie indi-
vidual differences in color preferences. However, individual
differences in the relative numbers of different cone types
among normal trichromats have little effect on sensitive psy-
chophysical measurements such as the locus of unique hues
and color appearance ratings (e.g., Brainard et al., 2000;
Webster, Miyahara, Malkoc, & Raker, 2000). The visual sys-
tem appears to have mechanisms that largely compensate for
such differences, keeping color perception relatively invariant
across the normal range of trichromatic retinal physiology.
Unless color preferences are determined by perceptual attri-
butes that are not consciously available, variations in low-
level attributes are unlikely to be responsible for individual
differences in color preferences among normal trichromats
such as we study here.

Another biologically based account is Hurlbert and Ling’s
(2007) cone contrast model, which predicts color preferences
based on the L –M and S – (L +M) cone contrasts in response
to a color relative its background. This model was later ex-
tended to include brightness (L + M + S) and a measure of
saturation (Suv)

1 (Ling & Hurlbert, 2009). The extended mod-
el predicted 64 % of the variance in the group averages of
preferences for 90 colors with a weighted linear combination
of the four predictors: L –M, S – (L +M), L +M + S, and Suv.

Ling and Hurlbert used the same four-factor linear regression
model to fit each observer’s individual preferences for the
same 90 colors, allowing the additive constant and the beta
weights for each predictor to vary across individuals. This
model explained an average of 48 % of the variance in the
individuals’ color preference data.2 This approach provides a
useful tool for predicting an individual’s color preferences
from a simple linear equation, once that individual’s weights
for the four predictors have been empirically established.
However, it is unknown why individuals differ in the weights
on their cone contrast and saturation dimensions. Hurlbert and
Ling suggested that women weight more positively on the L–
M axis, due to their early roles as gatherers in hunter–gatherer
societies (e.g., needing to find red berries against green
leaves). This sex difference in weightings on the L–M axis
was not corroborated in other cultures, however (Taylor,
Clifford, & Franklin, 2013; Yokosawa, Schloss, Asano, &
Palmer, 2015) or in infants (Franklin, Bevis, Ling, &
Hurlbert, 2009), which challenges the gender-based evolu-
tionary account for different weightings across individuals.
How and why individual differences in color preferences
arise, therefore, remain open questions.

A higher-level and purely psychophysical approach to un-
derstanding color preferences based on conscious color ap-
pearances is also possible, provided that preferences can be
explained by how blue-versus-yellow, red-versus-green, light-
versus-dark, and saturated-versus-desaturated the colors ap-
pear. Palmer and Schloss (2010) described and tested this
model using a weighted average of the colors’ rated values
on these dimensions, roughly analogous to their coordinates in
NCS color space (Hård & Sivik, 1981). This model can also
be used to describe individual differences in color preferences
in a manner similar to the cone contrast model, using a four-
factor linear regression model to fit different observers. We
note that such a model does not explain why different individ-
uals have different weights on the four color appearance
dimensions.

An ecological account of individual differences

Another approach to explaining color preferences is based on
ecological factors: that is, differences in the ways that people
respond to objects and cultural institutions in their environ-
ments. One such ecological account of color preferences has
been formulated in the ecological valence theory (EVT;
Palmer & Schloss, 2010). The EVT posits that people like/
dislike a given color to the degree that they like/dislike all of

1 S, M, and L represent the outputs of the short-, medium-, and long-
wavelength-sensitive cones in the human retina: that is, the Smith–
Pokorny cone fundamentals (Smith & Pokorny, 1975). (See Eskew,
McLellan, & Giulianini, 1999, for the relevant formulation of cone
contrasts, which are described in the supplementary materials of
Hurlbert & Ling, 2007.) The L-cone contrast value, ΔL, was computed
as (Ls – Lb)/Lb; theM-cone contrast,ΔM, was computed as (Ms –Mb)/Mb;
and the S-cone contrast was computed as ΔS = (Ss – Sb)/ Sb, where the
subscript Bs^ denotes the stimulus, and Bb^ the background color. The
LM component cone contrast LMc was computed as LMc = 0.7*ΔL –
0.72*ΔM + 0.02*ΔS, the S-component cone contrast Sc was computed
as 0.8*ΔS – 0.55*ΔL – 0.25*ΔM, and the luminance contrast Lumc was
computed as 0.9*ΔL + 0.43*ΔM (Eskew et al., 1999). Satc represents the
saturation coordinate of the colors in CIELUV space. The four-factor
linear regression model that they reported was based on these four vari-
ables, as follows: ppredict = w1 * Sc + w2 * LMc + w3 * Lumc + w4 * Satc +
a.

2 For a smaller set of 24 colors, Hurlbert and Ling (2007) were able to
predict up to 74 % of the variance in average color preferences, and an
average of 61 % of the variance in individuals’ color preferences. The
model reported above, however, is more comprehensive, given its larger
set of sampled colors.
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the objects and entities that they associate with that color. For
example, people generally like saturated blues, in part, be-
cause they like clear sky and clean water, whereas they dislike
browns, in part, because they dislike biological waste products
and rotting food. This is not to say that people generally like
all blue things or dislike all brown things, but only that their
average preferences over all objects tend to be more positive
for blue things and more negative for brown things.
Supporting this approach, Palmer and Schloss found that
80% of the variance in average color preferences for 32 colors
was explained by the average valences of all objects associat-
ed with the colors, weighted by how well the objects matched
the associated colors (see further details below).

This ecological approach is based on the hypothesis that it
will be adaptive for organisms to approach objects whose
colors they like and to avoid objects whose colors they dislike,
to the extent that their color preferences are correlated with
objects that are beneficial versus harmful to them. Color pref-
erences exist to perform an adaptive Bsteering^ function, guid-
ing behavior toward increased personal well-being. Although
the original formulation of the EVT was couched in terms of
biological adaptations for survival and reproduction of mem-
bers of a species (Palmer & Schloss, 2010), current evidence
suggests that it is better formulated in terms of the result of
learning by individuals about the conditions under which they
believe they will thrive (i.e., to feel happy and prosperous)
rather than fail (i.e., to feel sad and discontented). In making
everyday decisions about how to behave (e.g., what to ap-
proach vs. avoid), individuals generally do so out of more
nuanced concerns than species-based instincts for survival
and reproduction. They are also influenced by more than just
physical objects, including their affiliations with social, polit-
ical, and cultural institutions (Schloss & Palmer, 2014;
Schloss, Poggesi, & Palmer, 2011). The EVT does allow for
color preferences to influence people’s preferences for objects,
especially when the same artifact is available in a variety of
colors (e.g., clothes, cars, and furniture). However, the EVT
implies that those color preferences originate from the va-
lences of people’s experiences with colored objects and that
they will be reinforced via positive feedback to the extent that
people like the things that they buy, make, or choose because
of their color (Palmer & Schloss, 2010).

We acknowledge that the EVTas currently formulated con-
cerns preference for abstract colored patches, without refer-
ence to specific objects (e.g., the colors of clothes, furniture, or
cars). Color preferences can and do vary for different kinds of
objects (Holmes & Buchanan, 1984; Saito, 1983; Schloss
et al., 2013; Taft, 1997), and we refer the interested reader to
Schloss et al. (2013) for a discussion of the relative contribu-
tions of the ecological, functional, and personal factors that
account for preferences for the colors of particular objects.

The EVT predicts that individual differences in color pref-
erences arise, at least in part, from differences in people’s

affective experiences with colored objects and with color-
associated entities in their physical, social, and cultural envi-
ronments. There are two ways in which such effects might
occur. One possibility is that different people can have differ-
ent affective responses to the same objects and entities. If
Nancy loves the taste of green vegetables and hates the taste
of red berries, whereas Jim hates green vegetables and loves
red berries, then, all else being equal, Nancy should like dark
green colors more than Jim does, and Jim should like dark red
more than Nancy does. The second possibility is that people
have experiences with different objects. If Nancy loves
playing cards with her grandmother on her grandmother’s
dark green rug, she will have a strongly positive affective
response to this personally relevant object that Jim does not
even know about. Likewise, Jim might have strongly positive
associations with the bright red quilt that his wife gave him for
his birthday soon after they began dating. According to the
EVT, both Nancy’s and Jim’s different valences for the same
objects and their experiences with different objects can cause
differences in their relative color preferences for dark greens
and bright reds. Such ecological accounts are not necessarily
in conflict with the possibility of low-level physiological or
psychophysical differences—both factors might be at work—
but in this article we focus on examining the possible evidence
for ecological effects.

The EVT approach implies that adult color preferences are
not determined solely by hardwired mechanisms, but can
change with experience. Evaluative conditioning provides a
plausible mechanism underlying the formation and change of
color preferences (De Houwer, Thomas, & Baeyens, 2001;
Hofmann, De Houwer, Perugini, Baeyens, & Crombez,
2010) in that color preferences may be conditioned by the
polarity and strength of the color’s associations to a person’s
emotional evaluation of correspondingly colored objects. This
learning account makes several predictions about develop-
mental, social, and exposure-based differences in color pref-
erences. We will briefly review the predictions and supporting
evidence below.

Development of color preferences It is controversial whether
color preferences are innate or learned (e.g., Adams, 1987;
Bornstein, 1975). Early research on infant color preferences
generally supported the innateness hypothesis, because young
infants preferentially look most at blue and least at yellow-
green or yellow, roughly corresponding to explicit measures
of adult preference (e.g., Adams, 1987; Bornstein, 1975;
Franklin et al., 2008; Teller, Civan, & Bronson-Castain,
2004; Zemach, Chang, & Teller, 2007). However, most of
these studies measured preferences for highly saturated colors,
and a more recent study using less saturated, chroma-matched
light and dark colors found distinct differences between 4- to
6-month-old infants and adults (Taylor, Schloss, Palmer, &
Franklin, 2013). Indeed, the correlation between infant and

Atten Percept Psychophys (2015) 77:2803–2816 2805



adult preferences was somewhat negative (r = –.39, p > .05),
where infants were biased to look toward dark yellow (the
least preferred color for adults) and away from light blue
(among the most preferred color for adults). To the extent that
infant looking biases differ from adult color preferences, these
results suggest that there must be developmental changes in
color preferences. Although these changes could be due to
maturational effects, this is unlikely, given the stability of
color perception across the lifetime (Knoblauch, Vital-
Durand, & Barbur, 2001; Petzold & Sharpe, 1998; Roorda
&Williams, 1999). Absolute chromatic sensitivities vary over
the lifespan (e.g., Banks & Bennett, 1988), but psychophysi-
cal threshold measurements indicate that relative sensitivities
along the three primary chromatic axes (protan, deutan, and
tritan) change little, if at all, from the first 3–4 months of life to
86 years of age (Knoblauch et al., 2001). Other research on
hue discrimination performance as a function of age found
only slight differences between the ages of 4 and 25 years
(Petzold & Sharpe, 1998).

Differences due to social affiliations A learning-based ver-
sion of the EVT predicts that people will learn to like colors
that are strongly associated with sociocultural institutions that
they like and to dislike colors that are strongly associated with
sociocultural institutions that they dislike. Indeed, students at
two rival universities (UC Berkeley and Stanford) liked their
own school colors better than students at their rival school did,
and the degree to which individuals preferred their own
school’s colors was correlated with their amount of self-
reported school spirit (Schloss et al., 2011). Furthermore, a
study comparing color preferences among US Republicans
and Democrats for Republican red and Democrat blue found
that the Republicans’ and Democrats’ color preferences
changed to become more closely aligned with their own
party’s colors on Election Day in both 2010 and 2012, as
compared to a non-Election-Day baseline (Schloss &
Palmer, 2014). Such changes in the color preferences of social
groups over a few days are incompatible with genetic, physi-
ological, or low-level psychophysical effects. These results
support a learning-based account because, although it is logi-
cally possible that people may choose to attend particular uni-
versities or choose their political parties on the basis of
preexisting color preferences, that seems unlikely.

Exposure-based differences An experimental manipulation
showed that color preferences can also be modified by expo-
sure to affectively biased samples of colored objects (Strauss,
Schloss, & Palmer, 2013). As compared to a pretest baseline,
participants who experienced images of positive red objects
(e.g., roses, strawberries) and negative green objects (e.g.,
vomit, snot) showed an increase in preferences for reds and
a marginal decrease in preferences for greens, whereas others
who saw positive green objects and negative red ones showed

the opposite pattern. The degree to which individuals’ color
preferences changed during the experiment was predicted by
the degree to which they liked the positive objects and disliked
the negative objects. Given that these changes were observed
within subjects within a single testing session, it is extremely
unlikely that differences in color preferences can be explained
by genetic and/or physiological differences.

Testing the EVT for individual differences in color
preferences

In this article, we attempt to determine whether individual
differences in color preferences can be explained in terms of
ecological effects. Our approach is based on Palmer and
Schloss’s (2010) initial test of the EVT, but is modified for
studying individual differences. The initial procedure assessed
whether color preferences could be predicted by a measure of
the extent to which people like/dislike the set of all objects that
are associated with that color, called the weighted affective
valence estimate (WAVE). The original WAVE calculation
for each of 32 colors was based on the data produced by three
separate groups of participants. One group viewed each of 32
colors and described the objects that they associated with each
color. The second group rated the valence (positive/negative)
of a condensed set3 of those objects. The third group rated
how well the actual color of the objects matched the colors
that elicited their description. The WAVE was computed for
each color bymultiplying the mean valence of each associated
object by the mean match rating for that object–color pair (the
weight), and then calculating the mean of those products.
Formally, the WAVE for each color (Wc) is

Wc ¼ 1

nc

X

o¼1

nc

wcovo; ð1Þ

where c is the color, wco is the average color–object match
value for each pairing of color c and object description (o), vo
is the average valence rating given to object o, and nc is the
number of object descriptions ascribed to color c. TheWAVEs
for each of the 32 colors (Fig. 1d) explained 80 % of the
variance (r = .893) in the color preferences of adults in the
US (Fig. 1c), with no estimated free parameters. Taylor and
Franklin (2012) replicated these findings using a subset of the
colors in a group of British participants, for whom theWAVEs
explained 66 % of the variance (r = .81).

Here, we studied individual differences by performing amod-
ified and expanded version of the WAVE procedure using a
within-subjects, repeated measures design. Each of 48 observers
in the present experiment performed all three tasks required to
calculate their own individual WAVE values for the 32 colors

3 See Palmer and Schloss (2010) for the condensing procedure.
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studied.We tested the prediction that a given observer’s personal
WAVE measurements should be more strongly correlated with
his or her own color preferences than with the color preferences
of other observers: that is, that the within-subjects correlations of
a person’sWAVEs with his or her own color preferences should,
on average, be higher than the between-subjects correlations of a
person’s WAVEs with other people’s color preferences. The null
hypothesis is that an individual’s WAVE does not predict his or
her color preferences any better than it predicts other individuals’
preferences. The null hypothesis might fail to be rejected if
WAVEs do capture a shared component of individuals’ color
preferences but cannot account for individual variability beyond
this shared component.

We assessed these predictions using three different WAVE
measures that differ only in the sets of objects that they include:
personal WAVEs (P-WAVEs), idiosyncratic WAVEs (I-
WAVEs), and combined WAVEs (C-WAVEs). P-WAVEs are
based on individual participants’ valence ratings for the
Bstandard^ set of 222 object descriptions from Palmer and
Schloss (2010). The P-WAVEs of different individuals will only
differ if they have different valence ratings for the same 222
objects included in this set (see Table S1 in the supplementary
materials for a complete list of these objects). This standard set

was designed to include objects only if they were believed to be
known by all participants, so it leaves out all Bidiosyncratic^
objects that only one or a few individuals might know. I-
WAVEs are based on individual participants’ valence ratings
for the objects that they personally described as being associated
with each color. Some of the objects could have been the same as
those in the standard set (e.g., sun, leaves) if individuals reported
them, but many were idiosyncratic objects that only the individ-
ual would know (e.g., Bmy favorite sweater^ as an associate of a
particular shade of blue). Comparisons of the relation between
color preferences and P-WAVEs versus I-WAVEs should reveal
the relative contributions of shared versus idiosyncratic object
associations. C-WAVEs are computed for each subject on the
basis of his/her valences of the standard objects plus those of
his/her idiosyncratic objects, after eliminating redundancies for
objects that were in both sets. The C-WAVEs thus provide the
most complete test of the EVT’s account of individual difference
effects, because it contains WAVEs based on the largest sample
of the objects relevant to each individual.

The present study also addresses two additional open ques-
tions about the EVT’s ability to account for color preferences.
The first question concerns whether the fit between color
preferences and WAVEs previously reported by Palmer and

Fig. 1 (a) Approximations of the 32 Berkeley Color Project (BCP-32)
chromatic colors used by Palmer and Schloss (2010), including eight hues
at four lightness and saturation levels: saturated (s), light (l), muted (m),
and dark (d). (b) Projections of the BCP-32 colors onto an isoluminant
plane in CIELAB color space. (c) Average color preference ratings for the

BCP-32 colors (error bars represent standard errors of the means). (d)
Weighted affective valence estimates (WAVEs) for the BCP-32 colors
(which have no error bars because they represent data calculated from
the group means of three different groups, as specified by Eq. 1). (From
Palmer and Schloss 2010, Fig. 1)
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Schloss (2010) was merely due to group-averaging effects.
Strong positive correlations at the group mean level do not
necessarily imply significant positive correlations at the indi-
vidual level. Indeed, it is possible that group-average WAVEs
would correlate with group-average color preferences even if
people’s own individual WAVEs (based on their own object
valences) were unrelated to their own color preferences. To
see how this is possible, consider two scenarios in which the
correlations between the group-average color preferences and
WAVEs are equally strong, yet the within-subjects correla-
tions at the individual level vary. In the positive relation sce-
nario, the EVT is true at both the individual and group levels:
For every individual, the correlation between his/her own col-
or preferences and WAVE scores is strong, in which case the
average of the within-subjects WAVE–preference correlations
would also be strong. In the no-relation scenario, imagine a
different sample of individuals that give the same total set of
WAVE scores and color preference ratings, but the pairings
between the WAVE scores and the color preferences are ran-
domized across individuals. This could result in no relation
betweenWAVEs and color preferences at the individual level,
in which case the average of the within-subjects WAVE–pref-
erence correlations would also be near zero. If the EVT can
truly explain color preferences, then people’s individual object
valences should reliably predict some substantial portion of
the variance in their individual color preferences, and not
merely the variance at the group-average level.

The second question concerns whether the correlation be-
tween average color preferences and WAVEs in Palmer and
Schloss (2010) was due to an emotional consistency bias in
the objects that came to mind during the object description
task. Potentially related biases toward emotionally congruent
information have been documented in state-dependent mem-
ory effects: For instance, people are more likely to recall hap-
py events when they are happy, and more likely to recall sad
events when they are sad (Bower, 1981), although the oppo-
site pattern has also been reported (Parrott & Sabini, 1990). If
analogous emotional consistency biases exist for accessing
color-associated objects when viewing patches of color, peo-
ple may have been more likely to describe positive objects
while viewing preferable colors and negative objects while
viewing disliked colors, independent of the true average va-
lence of all objects of that color. If so, then the strong relation
between color preferences andWAVEs could have been due to
emotional consistency effects in the object association task.
The analyses on the P-WAVEs in the present experiment are
not open to this objection in accounting for individual differ-
ences in color preferences, because P-WAVEs are calculated
from individuals’ ratings of the same set of 222 standard ob-
jects. Although an emotional consistency bias could exist in
this list of color-associated objects, that bias could not account
for an individual’s color preferences being predicted better by
his/her own P-WAVEs than by other people’s P-WAVEs.

Method

Participants

A total of 48 participants (mean age = 22 years; 24 females, 24
males) completed all of the tasks in this study. All had normal
color vision, as screened using theDvorine Pseudoisochromatic
Plates, and gave informed consent. The Committee for the
Protection of Human Subjects at the University of California,
Berkeley, approved the experimental protocol.

Design, displays, and procedure

Each participant completed four tasks, in the following order:
color preference ratings, idiosyncratic object descriptions and
object–color match ratings, standard object–color match rat-
ings, and standard and idiosyncratic object valence ratings.
Each task is described in a separate section below (see Fig. 2).

Color preference ratings This task was the same as that de-
scribed in Palmer and Schloss (2010), except that each color
preference was rated twice on one day and twice on another day
to obtain more stable color preference data for each individual.
Each color was presented as a small square (100 × 100 pixels)
at the center of the screen of a 20-in. iMac LCD computer
monitor (1,680 × 1,050 pixel resolution at 60-Hz resolution).
The observer was positioned about 60 cm from themonitor in a
dark room with no background illumination. The colors were
the Berkeley Color Project (BCP) 32 set, which includes eight
hues (red, orange, yellow, chartreuse, green, cyan, blue, and
purple) at four saturation/lightness levels (saturated, light, mut-
ed, and dark); see Table 1 in the Appendix. The background
color was a medium gray (CIE x = .312, y = .318, Y = 19.26).
The monitor was characterized using aMinolta CS100 Chroma
Meter to ensure accurate color production.

Participants rated how much they liked each color on a
400-pixel line-mark rating scale by sliding the cursor to the
appropriate location and clicking to record their response. The
data were rescaled to range from –100 to +100. Trials lasted
until participants made their responses, and the next trial be-
gan 500 ms later. Before beginning the experimental trials,
participants were given instructions to help them Banchor^
the endpoints of the response scale. They were shown a dis-
play containing all 32 colors, asked to point to the color that
they likedmost, and were told that that color should be rated at
or near the very much end of the line-mark scale. They were
then asked to point to the color they liked least and were told
that that color should be rated at or near the not at all end of
the line-mark scale. The 32 colors were then presented indi-
vidually in random order for ratings, as described above.

Idiosyncratic object descriptions and object–color match
This task was completed on a different day, after all color
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preference ratings were completed. Participants were presented
with each of the 32 colors, one at a time, in random order and
centered on the screen. Theywere instructed to think of asmany
objects as possible of which the color reminded them. They
then typed a brief description of the object into a text box on
the screen (e.g., Bclear sky^ or Brotten bananas^) and pressed
the Enter key. Next, they rated each object on how well the
color on the screen matched the color of the object that they
had just described, using a line-mark rating scale that ranged
from very well to very poorly. After participants had described
the object and provided an object–color match rating, the object
name appeared on the left of the screen so that they could keep
track of which objects they had already described. Once partic-
ipants had finished describing objects for a particular color, they
typed the word Bdone,^ and the next trial began with the next
randomly selected color. Participants were told to describe any
object that came to mind, even if it was Bgross and disgusting.^
Participants were motivated to provide as many different object
descriptions as they could by payments of $0.04 for each unique
object, $0.02 for objects that were repeated once for other
colors, and $0.01 for objects that were repeated more than once.
There was no time limit on completion of this task.

Standard object–color match ratings This task was the
same as that described in Palmer and Schloss (2010) and
was completed in a subsequent experimental session. For each
color, participants were presented with each of the standard
objects, along with the color with which it was described, and
they rated how well the color of the described object matched
the color on the screen. They rated all of the objects for a
particular color before going on to the next color. Both the
color order and object order were randomized for each color.
Prior to starting the trials for each color, participants were
shown a list of all the objects for that color so they would
know what matching well and matching poorly meant in the
context of the object set.

Object valence ratings (both standard and idiosyncratic)
Object valence ratings were completed in the next and final

experimental session. The first part of this task was the same
as the object valence rating task described in Palmer and
Schloss (2010). Participants were presented with each of the
standard 222 object descriptions, displayed as black text on a
white background, one at a time in random order. Their task
was to make a line-mark rating of how much they liked each
object on a scale from not at all to very much. Each object
remained on the screen until participants made their response,
and the next trial began 500 ms later. Prior to beginning, par-
ticipants were shown a representative sample of objects so that
they could anchor what not at all and very muchmeant for them
in the context of the object set. The second part of this task was
the same as the first part, but participants rated the valences of
the idiosyncratic objects that they had described earlier in the
object description task. There were no other differences be-
tween the standard and idiosyncratic sets of trials.

Results and discussion

Reliability of color preference judgments

We first examined the stability of individuals’ color pref-
erences within each testing session. Preference judgments
in the first and second blocks were strongly correlated
within Session 1 (average r = .78)4 and within Session 2
(average r = .84). A paired-samples t test comparing in-
dividuals’ correlations between Session 1 and Session 2
indicated that they were significantly stronger in Session

4 Before averaging the correlations, we computed their hyperbolic arctan-
gent to decompress their lower and upper limits. We then transformed the
average back to a traditional correlation space (–1 to +1) by computing
their hyperbolic tangent. All of the subsequent averaging and statistical
tests of correlations reported in this article were conducted on such trans-
formed correlations, and the average correlations reported have been
transformed back by computing their hyperbolic tangents. These trans-
formations have minimal effects on mid-range correlations, and have
larger effects as the correlations approach ±1. The majority of the corre-
lations reported here were mid-range and were therefore minimally
affected.

A B C D
Fig. 2 Schematic representations of the stimulus screens for the four
tasks, in order, of the within-subjects experimental procedure for
measuring personal, idiosyncratic, and combined WAVEs (P-WAVEs, I-
WAVEs, and C-WAVEs, respectively). The same set of observers
provided color preference ratings of the 32 colors (a), then provided

descriptions of as many objects as they could think of that were
associated with the color presented (b), then made ratings of the match
(degree of similarity) between the object and the color with which it was
associated (c), and finally rated how much they liked each object (d)
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2 [t(47) = 4.90, p < .001], suggesting that preference
judgments stabilized over time. The correlation between
individuals’ color preferences (averaged over testing
blocks) between Sessions 1 and 2 was also strong (aver-
age r = .85), indicating that color preferences were con-
sistent across testing sessions.

We next tested whether there was more variability in color
preferences between individuals than within individuals, as had
previously been found by McManus et al. (1981). We comput-
ed a measure of between-subjects variability by correlating
each individual’s color preferences (averaged over the four
testing blocks) with every other individual’s color preferences
and averaging over those correlations for each participant (av-
erage r = .32). We compared this measure of between-subjects
variability to two measures of within-subjects variability: (1)
the correlation between each individual’s Block 1 and Block 2
ratings within Session 1 (average r = .78) and (2) the correlation
between each individual’s Session 1 and Session 2 ratings,
averaged over the testing blocks within each session (average
r = .85). Paired-samples t tests indicated that the between-
subjects correlations were significantly weaker than the
within-subjects correlations within Session 1 [t(47) = 20.45, p
< .001] and than the within-subjects correlations over testing
sessions [t(47) = 25.41, p < .001]. These results strongly sup-
port the previous findings of McManus et al. (1981).

We also compared the present participants’ average color
preference ratings (Fig. 3a) with the color preferences reported
for a different sample of 48 participants from the same
Northern California population (Fig. 1c; Palmer & Schloss,
2010). These two data sets were nearly identical (r = .97). A
three-way analysis of variance (ANOVA; 8 hues × 4 cuts × 2
groups) revealed no interactions between group and hue [F(7,
658) = 1.47, p > .05], group and cut (F < 1), or group, hue, and
cut [F(21, 1974) = 1.17, p > .05].

Within-subjects replication of prior WAVE results

The WAVEs reported by Palmer and Schloss (2010)
(Fig. 1d) were calculated using the between-subjects data
sets (i.e., different people producing the object–color

associations, object valence, and object–color match judg-
ments). We compared these group-average, between-
subjects WAVEs to the average within-subjects P-
WAVEs (Fig. 3b), which were calculated from individ-
uals’ object-valence ratings and object–color match rat-
ings of the standard set of 222 objects. The original
WAVE and the present mean P-WAVE measurements
were very highly correlated (r = .94) [t(30) = 15.09, p <
.001].5 (See Table S1 in the supplementary materials for a
complete list of the 222 standard objects and their average
valence ratings and standard deviations in the present ex-
periment.) The correlation between the present partici-
pants’ group-average color preferences with their group-
average P-WAVEs was .87 [t(30) = 9.67, p < .001], which
is comparable to the corresponding correlation of .89 that
Palmer and Schloss reported using the same set of 222
object descriptions. Therefore, the within-subjects P-
WAVE procedure gave essentially the same results as
those obtained in the between-subjects WAVE procedure
when testing corresponding correlations between group-
averaged color preferences and WAVEs.

Accounting for individual differences with P-WAVEs

Does the correlation between color preferences and WAVEs
observed in the group averages described by Palmer and
Schloss (2010) and replicated here also hold at the individual
level? To address this question, we first computed the corre-
lation between each individual’s preferences for the 32 colors
with his or her P-WAVE for each color (subsequently referred
to asWS-P). The meanWS-P over the 48 participants (r = .55)
was significantly greater than zero [t(47) = 16.02, p < .001)
(see Fig. 4). P-WAVEs thus predicted color preferences at the
individual level, and the strong correlations between the
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Fig. 3 (a) Average color preference ratings, (b) P-WAVE values, and (c) the residual differences between panels A and B after best-fit rescaling of the P-
WAVEs. (See the text for further explanations.) Error bars represent standard errors of the means

5 ANOVAs cannot be used to compare these two data sets, because there
are no individual scores for the between-subjects WAVEs from Palmer
and Schloss (2010). Their WAVEs were calculated by averaging the data
from three different groups performing the three component tasks of the
WAVE procedure, and thus can only be treated as 32 values with no error
variance.
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group-average color preferences and WAVEs reported above
and in Palmer and Schloss’s original study are not merely due
to averaging effects. We note that it is expected that the mean
WS-P (.55) should be lower than the correlation between the
mean color preferences and mean P-WAVEs reported above
(.87), because data at the individual level are inherently noisier
than data at the group mean level.

Next, we tested the EVT’s central prediction about individ-
ual differences: An individual’s color preferences should be
predicted better by his or her own P-WAVEs than by other
participants’ P-WAVEs. To address this question, we first cor-
related each participant’s color preferences with every other
participant’s P-WAVEs and then calculated the mean of these
between-subjects correlations for each participant (subse-
quently referred to as BS-P). We then conducted a paired-
samples t test to determine whether the mean WS-P (average
r = .55) was greater than the mean BS-P (average r = .41)
(Fig. 4). Supporting the EVT’s basic prediction, themeanWS-
P was significantly greater than the mean BS-P [t(47) = 7.87, p
< .001]. Furthermore, the WS-P was greater than the BS-P for
41 of the 48 participants [χ2(1) = 24.08, p < .001].6 At least
some portion of the individual differences in color preferences
is therefore linked to corresponding individual differences in

their preferences for the ecological objects associated with
those colors.

A related prediction of the EVT is that any partition of the 48
individuals into n groups of people with similar color prefer-
ences (as defined by higher average within-group similarity in
color preferences than average between-group similarity)
should exhibit stronger within-group color-preference/P-
WAVE correlations than between-group color-preference/P-
WAVE correlations. To test this prediction, we conducted a k-
means clustering analysis (Maechler, Rousseeuw, Struyf,
Hubert, & Hornik, 2002) for each value of k from two clusters
to 48 clusters (i.e., the 48 individual participants), based solely
on the pairwise correlations between individuals’ 32 color pref-
erences. (Importantly, the P-WAVE data were not considered in
creating these clusters.) We then calculated the correlations
between preferences and P-WAVEs for each participant, and
then averaged the within-cluster correlations and between-
cluster correlations. Figure 5 (solid lines) shows the average
within-cluster and between-cluster correlations for a subset of
the values of k.7 Consistent with the EVT, the within-cluster
correlations are systematically higher than the between-cluster
correlations [F(1, 47) = 227.72, p < .001]. The predictive value
of the within-cluster P-WAVE increased as the number of clus-
ters increased to the individual level (k = 48, r = .55), with a
significant linear contrast [F(1, 47) = 19.23, p < .001]. This
positive slope indicates that, as clusters became more individ-
ualized, the correspondingly more individualizedWAVEs were
better predictors of color preferences. In comparison, the aver-
age between-cluster correlations remained constant, around .40
for all values of k (linear contrast F < 1).

We also performed the corresponding analyses using k-means
to cluster individuals according to their P-WAVEdata (rather than
their color preferences, as described above). The dashed lines in
Fig. 5 show the average within-group and between-group corre-
lations for each value of k. Again, the within-cluster correlations
are higher overall for the sampled values of k [F(1, 47) = 157.64,
p < .001]. A repeated measures ANOVA comparing the within-
subjects correlations for the two clusteringmethods (clustering by
color preference vs. by P-WAVEs) and six levels of k (2, 4, 8, 16,
and 32) revealed no effect of clustering method [F(1, 47) = 1.69,
p > .05] and no interaction with k (F < 1).8

We also conducted a more extensive analysis of the k = 2
clustering solution based on similarities of color preferences,
and found that the differences between the average prefer-
ences of the two clusters of individuals were characterized
well by how natural versus synthetic the colors were judged
to be (see Fig. S1 and the supplementary materials for details).
A similar analysis conducted separately for males and females

Fig. 4 Means of the individual participants’ within-subjects (WS; black
bars) and between-subjects (BS; white bars) correlations between color
preferences and P-WAVEs, I-WAVEs, and C-WAVEs. Error bars
represent standard errors of the means. **p < .01, ***p < .001

6 It is not surprising that the mean BS-P (.41) would be lower than the
corresponding correlation between the between-subjects correlation be-
tween group-average color preferences and WAVEs in Palmer and
Schloss (2010) (.89), because the correlations between individual partic-
ipants’ data should be noisier than the correlations between average data.
In addition, other effects for individuals might not be captured by the P-
WAVEs as presently defined, including (at least) their idiosyncratic object
valences and experiences, their symbolic and/or conceptual associations
to colors, their typical visual environments, and their beliefs about the
compatibility of different colors with their hair, eye, and skin colors.
Many of these effects presumably cancelled out when measured across
participants in the group-average data from Palmer and Schloss, but did
not cancel out in the individual data presented here.

7 To attenuate correlations between nearby clustering solutions, k was
sampled at each power of 2 below the total number of participants (i.e.,
2, 4, 8, 16, and 32), plus the full 48 subjects.
8 The values for k = 48 were omitted because they are necessarily the
same in both clustering solutions.
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and a discussion of gender differences can also be found in the
supplementary materials (Fig. S2).

Idiosyncratic color–object associations and I-WAVEs

We next tested whether the within-subjects I-WAVEs (WS-I)
were more strongly correlated with individuals’ color prefer-
ences thanwere the between-subjects I-WAVEs (BS-I), and com-
pared the WS-I correlations to the WS-P correlations described
above. Recall that I-WAVEs differ from P-WAVEs in that they
are calculated from the valence and color-match ratings of only
the idiosyncratic object descriptions provided by the individual
participants—including objects whose color others would not
know, such as Bmy favorite sweater^—rather than those of the
222 standard object descriptions. They also differ in that we did
not require the objects listed in the I-WAVE sets to be concrete
physical objects, allowing conceptual and/or symbolic associa-
tions, such as Bhappy^ for yellows and Bviolence^ for reds. The
average correlation of each individual’s color preferences and I-
WAVEs (WS-I) was .38, which was significantly greater than
zero [t(47) = 12.01, p < .001] and greater than the mean BS-I
[average r = .16; t(47) = 7.26, p < .001] (Fig. 4). However, the
mean WS-I (.38) was significantly weaker than the mean WS-P
(.55) described above [t(47) = 5.47, p < .001].

Why should the highly individualized I-WAVEs predict indi-
viduals’ color preferences less well than the more general P-
WAVEs? One possibility is that individuals do not generate all
(or even very many) of the objects that are associated with a
given color in a single sitting. Although individuals might not
think of a particular object for a particular color during the task
(e.g., Btwilight sky^ for dark blue), they still might agree that
such an object is a good associate for that color, and their color
preferences might be influenced by howmuch they like many of
the objects they did not generate themselves. The standard set of
objects that underlie P-WAVEs were generated from the aggre-
gate of 74 participants’ object descriptions (Palmer & Schloss,

2010) and contain significantly more objects per color (an aver-
age of 27.03) than do the idiosyncratic sets of objects that under-
lie I-WAVEs (an average of 4.27) [t(31) = 14.00, p < .001].
Therefore, the P-WAVEs are based on far more complete infor-
mation about an individual’s weighted object valences, even
though the objects on which it is based are less personalized.

The degree to which the I-WAVEs were related to color
preferences varied substantially across participants, with
WS-I ranging from –.23 to +.75. If WAVEs based on more
objects (i.e., containing more complete information) explain
more variance in color preferences, then it is possible that the
differences between individuals in their I-WAVE correlations
may be due in part to the number of objects that individuals
produced in the object association task. The Blaw of large
numbers^—that is, that the average obtained from a large
number of observations should be closer to the expected value
as the number of observations increases—implies that the
more objects a person produces in his or her idiosyncratic
color–object association task, the better the resulting I-
WAVEs would estimate his or her preferences for the set of
all objects associated with those colors. Indeed, the number of
objects that a person described in the object association task
(averaged over colors) was positively correlated (r = .38)
[t(46) = 2.79, p = .008] with how well his/her I-WAVEs pre-
dicted his/her color preferences. To determine whether this
finding might have been due to some more general relation
betweenWAVEs and particular people’s color preferences, we
conducted the same analysis, but used the correlations be-
tween their color preferences and their P-WAVEs (rather than
their I-WAVEs), which should not depend on the number of
idiosyncratic objects produced. This correlation was
unreliably negative (r = –.10), which supports the possibility
that the predictive power of I-WAVEs for color preference
depends on the number of objects on which it is based.

Taylor and Franklin (2012) reported that, on average, partic-
ipants preferred colors that were associated with fewer objects: r
= –.76 in their British data and r = –.66 in Palmer and Schloss’s
(2010) US data. The reason for this negative relation was un-
clear, but Taylor and Franklin suggested that it could be due to
fluency (i.e., colors with fewer associates are easier to process
and are thereby preferred) and/or to attention (i.e., disliked colors
draw more attention and thereby elicit more object associations
within the allotted time). To examine whether this negative cor-
relation was present at the individual level, we correlated each
participant’s color preferences with the number of objects that he
or she reported for each color and conducted a t test on these
correlations to determine whether this distribution was different
from zero.9 We found no evidence that the average correlation
was negative (average r = .06) [t(47) = 1.88, p > .05].
Therefore, whatever factors might cause an association

9 One participant reported the same number of objects for each color,
producing an undefined correlation, which we coded as zero (no relation).

Fig. 5 Averages of the within- and between-cluster correlations between
color preferences and P-WAVEs, when the data are k-means clustered by
color preferences (circles) and k-means clustered by P-WAVEs (squares).
Error bars represent standard errors of the means
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between fewer objects and more preferred colors at the level of
group averages do not appear to operate at the level of individ-
ual participants, at least when the latter are given unlimited time
to report color-object associations.

Combined color–object associations and C-WAVEs

The P-WAVEs alone are superior to the highly individualized
I-WAVEs alone in predicting individual differences in color
preferences, but do the idiosyncratic objects in the I-WAVE
explain any additional variance beyond that captured by the P-
WAVE? To address this question, we generated a Bcombined^
WAVE (or C-WAVE) by merging the standard and idiosyn-
cratic object lists for each participant, as follows. If there were
exact duplicates on the two lists (e.g., Bsun^ on both the stan-
dard and idiosyncratic lists), we averaged the valence and
object–color match ratings for each color with which it was
associated. If two objects were judged to be conceptually sim-
ilar but were not identical (e.g., Bsun^ and Bsunlight^), we
treated them as one object and averaged the data, provided
that the valence ratings were within ±10 units (5 %) on the
200-unit response scale. However, if the conceptually similar
objects had valence ratings that differed by more than ±10
units, they were treated as separate objects.

Although the difference was not large, the correlation be-
tween the individuals’C-WAVEs and color preferences (WS-C,
average r = .59) was greater than the correlation between their
P-WAVEs and color preferences (WS-P, average r = .55) [t(47)
= 3.29, p < .01] (Fig. 4). Moreover, this was true for 39 out of
the 48 participants [χ2(1) = 18.75, p < .001]. The mean WS-C
was also reliably greater than the mean of the between-subject
correlations of C-WAVEs and color preferences (BSC, average
r = .39) [t(47) = 9.14, p < .001]. These results indicate that
people’s idiosyncratic object valences contribute additional in-
formation not available in the standard objects in the P-WAVE.
It is also possible that the difference might be due, in part, to the
fact that the C-WAVE includes more objects than the P-WAVE.

Serial output order of object associations and emotional
bias

We mentioned in the introduction that the strong correlation
between color preferences and WAVEs reported by Palmer
and Schloss (2010) might be due to an emotional consistency
bias operating in the object association task. That is, the sets of
objects associated with the colors obtained in the WAVE pro-
cedure would be emotionally biased by affective consistency
if people tended to produce liked objects for liked colors and
disliked objects for disliked colors during the object associa-
tion task. Such an emotional consistency bias in the set of
objects associated with colors might then cause spuriously
high correlations between our measured WAVEs and color
preferences when compared with the correlation based on

the full and unbiased set of relevant objects. (We note that it
is unclear how this full set of objects could be compiled in
practice, given that the object descriptions are often not single
words or standard phrases that would appear in a dictionary:
e.g., Bclear sky,^ Brotten bananas,^ and Bdead foliage^).

One heuristic process that would produce such a bias in a
time-limited output series would be that people generate ob-
jects they like earlier in their output lists for colors they like
and generate objects they dislike earlier in their output lists for
colors they dislike. Truncating the list before all relevant ob-
jects had been described would then produce the hypothesized
affective bias in the sample of objects, which would not be
present in the complete set of objects. If that occurred, it would
inflate the correlation between WAVEs and color preferences.

We examined whether the output order of objects was emo-
tionally biased (i.e., whether the valence of earlier objects was
consistent with the valence of their color) by correlating the serial
output order and object valences for each participant, contingent
on the valence of the object (see the supplementary materials for
details). The results showed that the average correlationwas only
weakly positive (r = .10), and the mean of the distribution of
individuals’ correlations was not significantly different from zero
[t(47) = 1.97, p > .05]. The results therefore provide no evidence
for an emotional consistency bias in the object descriptions, at
least in the early portion of an individual’s association list (see
the supplementary materials for further results and discussion).

Cone contrast and color appearance models

In a final set of analyses, we evaluated how well the cone
contrast and color appearance models account for the individ-
ual differences in color preferences reported here, andwe com-
pared their predictive performance with that of the C-WAVEs.
To evaluate Ling and Hurlbert’s (2009) four-factor cone con-
trast model [L – M, S – (L + M), L + M, Suv], we conducted a
multiple linear regression to predict each participant’s color
preferences, allowing the weights on each predictor to vary
across participants. The resulting models explained an average
of 39 % of the variance, which was not reliably more than the
37 % explained by the C-WAVEs10 [t(47) < 1]. However, the
cone contrast model has four predictors per person, and the C-
WAVE model has only one predictor, so there is far more
opportunity for curve fitting in the cone contrast model. It is
also unclear why different participants would have different
weights on the cone contrasts, but the EVT’s C-WAVEs pro-
vide an explanatory account for why individuals’ color pref-
erences vary. We note, however, that computing C-WAVE is
far more methodologically cumbersome than fitting the cone

10 This value (R2 = .37) is the average of the R2 values for each individual,
which is algebraically different from the square of the average of the
individual’s correlations reported earlier (r = .59; R2 = .35). We used this
average R2 value because it was comparable to the average R2 value for
the four-factor cone contrast model.
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contrast model. Therefore, if the goal of subsequent research is
to describe individuals’ color preferences patterns with a lin-
ear equation, the cone contrast model will be more efficient.

To test whether the C-WAVE predictor explains variance
independent from that explained by the cone contrast model
predictors, we conducted a regression model for each partici-
pant using all five predictors. This new hybrid model ex-
plained an average of 61 % of the variance in individuals’
color preferences, substantially more than the 39 % explained
by the cone contrast model alone, with only one additional
parameter. This result suggests that cone contrasts and
WAVEs capture independent aspects of color preferences.

We also fit Palmer and Schloss’s (2010) color appearance
model (based on participant ratings of red–green, yellow–
blue, light–dark, and saturated–desaturated; see Table S2 in
the supplementary materials) to the individual data reported
above. This model explained an average of 53 % of the vari-
ance. A paired-samples t test comparing the R2s for individ-
uals using the color appearancemodel versus the cone contrast
model indicated that the color appearance model provided
better fits [t(47) = 7.05, p < .001]. Both models have four
predictors per participant, and are therefore directly compara-
ble. The difference between them is roughly similar to the one
from Palmer and Schloss’s results fitting these two models to
group-average color preferences, where the cone contrast
model explained 34 % of the variance and the color appear-
ance model explained 60 %. The color appearance model also
explained significantly more variance (53 %) than the C-
WAVEs (37 %) at the level of individual observers, as indicat-
ed by a paired-samples t test comparing the individuals’ R2

values for the two models [t(47) = 4.13, p < .001], but at the
expense of requiring three additional predictor variables per
person. A model containing both the C-WAVE and color ap-
pearance predictors explained 65 % of the variance, which
was better than the 53 % explained by the color appearance
model alone. However, as we explained for the cone contrast
model, its additional parameters allowed for additional curve
fitting11 and is theoretically less informative. The color

appearance model provides a description of individual differ-
ences with no obvious explanation for why they occur, whereas
the EVT-based C-WAVEmodel provides a causal explanation of
the individual differences for which it accounts: That is, they are
due to differences in people’s valences for the objects associated
with the corresponding colors.

Finally, a regression model including all three sets of pre-
dictors accounted for a total of 73 % of the variance, on aver-
age, but we note that it included nine predictor variables per
participant to predict 32 color preferences. These additional
parameters might simply increase the curve-fitting power of
the model without adding further explanatory power.

General discussion

The goal of this research was evaluate whether the EVT can
account for individual differences in color preferences.
Specifically, we tested the prediction that individuals should dif-
fer systematically in their color preferences in ways that reflect
their experiences with different objects and/or their different af-
fective responses to the same objects. The present results using
within-subjects measurements of the WAVEs for the same 32
colors studied by Palmer and Schloss (2010) showed that peo-
ple’s color preferences were predicted better by their own pref-
erences for correspondingly colored objects (WS-P) than by oth-
er people’s preferences for the same objects (BS-P). The results
also showed that the combined WAVEs (C-WAVEs) of individ-
uals’ preferences for the objects that they personally associate
with the colors (I-WAVEs) and their preferences for the standard
objects (P-WAVEs) explain their color preferences better than
their preferences for the standard objects do alone. These results
support the EVT’s claim that people’s personal color preferences
are systematically shaped by their own preferences for corre-
spondingly colored objects. We also extended previous tests of
the EVT (Palmer & Schloss, 2010) using a different set of 48
participants and a within-subjects version of the WAVE proce-
dure. The results replicated the strong correlation between group-
average color preferences and WAVEs.

In addition, we compared the EVT’s WAVE measures with
predictions derived from the augmented cone contrast model
(Ling & Hurlbert, 2009), which has previously been used to
account for individual differences in color preferences. Thismod-
el is based on the difference between the responses of S, M, and
L retinal cones to a color relative to its background color. Their
extendedmodel [L –M, S – (L+M),L+M+ S, Suv] explained an
average of 39 % of the variance in the present data from individ-
uals, in which the weighting on each factor was estimated for
each individual. This four-predictor model fit the data no better
than the one-predictor C-WAVEmodel, which explained 37%of
the variance. Although the cone contrast model provides an ele-
gant description of individual differences in color preferences in

11 As was reported by Palmer and Schloss (2010), the WAVE model
explained more variance in their group-average data (80 %) than did the
cone contrast model (37 %) and the color appearance model (59%). With
the present individuals’ data, the C-WAVE model did less well, both in
absolute terms (37 % vs. the previous 80 %) and relative to the cone
contrast (37 % vs. 39 %) and color appearance (37 % vs. 53 %) models.
The absolute difference was due to trying to account for the much larger
and noisier data set: 1,536 data points from individuals (32 colors for each
of 48 participants) versus 32 data points (32 colors averaged over indi-
viduals) with no free parameters. The difference relative to the other two
models is probably due to the larger disparity in the numbers of free
parameters. In the group-average data, the WAVE model has three fewer
predictors than the other two models, whereas in the present individual
data, the C-WAVE model has 144 fewer parameters than the other two
models. The extra degrees of freedom provide a huge benefit for the other
two models in fitting the much larger individual data set that is unavail-
able to the C-WAVE.
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terms of relatively low-level mechanisms, it is unclear from this
approach why individuals would differ in their weightings.

The C-WAVE explains an average of 37% of the variance in
individuals’ color preferences, which is far less than the original
WAVE measurements explained of the variance in group-
average preferences (80 %). It is to be expected that fits to
individual participants will be weaker than fits to group aver-
ages, because there is more noise in individuals’ data.
However, with only 37 % of the variance explained, additional
factors must contribute to color preferences. Might additional
variables help explain variance from an ecological perspective?

One factor that we are currently exploring is the role of ab-
stract symbolism in people’s color preferences. We briefly men-
tioned one aspect of this issue in discussing the differences be-
tween the color preferences of people in Cluster 1 versus Cluster
2 (see Fig. S1) as being potentially being related to differential
preferences for natural versus synthetic colors. For example, do
people who like nature a great deal tend to prefer Bnatural^ colors
more than people who do not? Although abstract symbols were
permitted in the I-WAVEs, they were actively omitted from the
standard set of objects in the P-WAVE, as described by Palmer
and Schloss (2010). P-WAVEs are more comprehensive than I-
WAVEs because the object descriptions are pooled across partic-
ipants. Therefore, to evaluate whether symbolic associations ac-
count for additional variability in individual differences, it will be
necessary to repeat the original WAVE procedure, but for sym-
bolic associations rather than object associations. We are current-
ly testing the influences of symbolic and conceptual factors on
color preferences in China and the US, and preliminary evidence
suggests that symbolic factors aremuchmore important in China.

Another factor is one’s emotional response to the visual envi-
ronment in which one is living. Do people who like living in the
American Southwest tend to like the warm desaturated colors so
prevalent in their environment (e.g., pale yellows, browns, or-
anges, and reds), and do those who dislike living there tend to
dislike those same colors? Do color preferences change system-
atically over the seasons in regions of the world where different
color palettes are associated with different seasons? Do people
prefer colors that they believe Bgo well with^ their personal hair
and eye color? These and other potentially relevant factors
should be addressed in future research to understand the nature
of ecological influences on the substantial differences in color
preferences that are so evident between different individuals.
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