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The goal of this study was to investigate whether Western females with art education have different color prefer-
ences compared to those without such education. Forty-six physical samples from the Natural Color System were
used in the experiments. Fifty participants without art education, half females, and 45 females with university-level
art education carried out the experiment. They viewed each colored sample isolated, in random order, and rated
how much they liked or disliked the color using a scale from —10 to +10. For participants without art education,
the results followed the typical preference pattern: a higher preference for blue and a lower preference for dark
yellow, with expected variations based on sex. Compared to females without art education, those with art education
rated the samples much more evenly across hues and lightness levels, with less tendency to overrate samples in the
red—purple hue range. Overall, these findings imply that, at least for Western females, art education is associated

with distinct and more uniform color preferences.
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1. INTRODUCTION

Humans can abstract color from objects, enabling the evalu-
ation of how much a color is liked or disliked. Although the
quantitative study of color preference has a long history [1-3],
the idea that preference is determined by the physical properties
of the light reaching the eye is relatively recent [4,5]. Modern
psychophysics has shown that color preferences can be quanti-
fied, are partially predictable, and can be quantitatively modeled
(for reviews, see Refs. [3] and [6]).

For normal trichromats, there is a universal tendency to like
blues and dislike dark yellows [6-8]. For dichromats, however,
the strong preference is for yellow and the weaker preference is
for blue [9]. There are marked cross-cultural differences in color
preferences [10—13] as well as sex differences [10,12,14,15]. In
Western adults, males tend to prefer more saturated colors [14]
and females tend to prefer more pinks and reds [10,12]. Color
preferences also change with age [16-20], evolve over time
within the same society [21], and are influenced by the seasons
[22]. A preference for specific colors is not limited to humans,
and it has also been observed in monkeys [23-25].

Preferences can be associated with ecological experience
[8,26] and, at a physiological level, with cone contrast weights
[12], although none of these models fully explain the variations
observed in color preference. Brain activity is known to be
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modulated by color preferences [27] but the degree to which
they are hard wired or acquired is still unclear [3].

One underexplored aspect of color preference is whether
individuals with art education exhibit a different pattern of
preferences compared to those without such education. Using
the ordering of colors by preference, no effect of art education
was found among 500 college students [28]. There is, how-
ever, evidence of significant relationships between educational
background and color preferences in general and in practical
situations, e.g., selecting colors for the living room or buildings
[29-31]. With regard to education level, one study suggests that
university-educated subjects tend to prefer blue more frequently
than vocational-level subjects, who show a higher preference for
light green and pink [30]. Another study suggests that architects
tend to select yellow as the most liked color for buildings, while
nonarchitects tend to select blue [31]. Color preferences also
seem to partly depend on personality [32,33].

Research using comprehensive and accurate techniques to
evaluate the influence of art education on single-color pref-
erences is lacking. We hypothesized that individuals with art
education have different color preferences due to the influence
of their training or inherent artistic personality traits. For com-
plex color compositions, artists understand which chromatic
compositions appeal to viewers preferences [34,35], but it
remains unclear whether their personal color preferences for
individual colors align with those of the general public.
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The aim of this study was to explore whether art education
influences color preferences among females. We compared the
preferences of females with art education to a sample of females
and males without such education. We found that females
with art education exhibit less variability in color preferences
compared to those without this background.

2. METHODS

Although color preference experiments often use monitor
screens [8,9], we used colored physical samples to overcome the
constraints imposed by displaying colors on a monitor screen.

A. Colored Samples

Forty-six colored samples were selected from the Natural Color
System (NCS) [36]. The samples are listed in Table S1 of
Supplement 1. They represent 10 hues spanning the entire hue
circle, two colorfulness levels, and three lightness levels. In this
study, the hue perceptual dimension is represented categorically
rather than numerically to maintain consistency with previous
research on color preference. Colorfulness and lightness are used
as defined in the CAMO02-UCS color space (see below). There
were four approximate unique hues (Red, Green, Yellow, and
Blue) and six intermediate hues (Orange, Chartreuse, Cyan,
Violet, Purple, and Pink). The underlined letters are used to
denote the hues throughout the paper. Three samples were
achromatic: white, mid-gray, and black, represented by W, G,

Orange Yellow  Chartreuse  Green
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and B, respectively. The selection is similar to the Berkeley Color
Project (BCP) 37 [22] used in other reference studies on color
preference [8,9,11,22,37], whose samples were also selected
according to the dimensional structure of the NCS. The main
differences include the two additional hues, pink and violet,
three additional samples with high colorfulness and high light-
ness, and the exclusion of two achromatic samples. Additionally,
this set exhibits less lightness variation across each set of hues.
The samples were created as solid square patches of
3 cm x 3 cm, making them easy to manipulate. The spec-
tral reflectance functions of the samples were measured with
a Konica Minolta CM-2600d spectrophotometer [38], and
their representation in the color space CAM02-UCS [39] was
computed assuming the illumination from the light measured
from the Solux lamps used in the experiments (see below).
These computations followed the guidelines outlined in the
Technical Report CIE 015:2018 [39], using parameters tailored
to the evaluation of small surface colors in a controlled light
booth environment. The parameters included the CIE 1931
standard colorimetric observer, a white standard at the center
of the observation board with a luminance of 276 cd/m? as the
white reference, a gray board with a luminance of 138 cd/m?
as the background, an “average” surround condition, and full
adaptation (D = 1). Figure 1 shows the sRGB colors of the sam-
ples, and Fig. 2 shows their representation in the CAM02-UCS
color space. Table S1 lists the coordinates /', 4/, and &), of
the colors in that color space. The sSRGB values were computed
from the tristimulus values obtained by combining the spectral

Cyan Blue Violet Purple

high colorfulness, intermediate lightness

low colorfulness, intermediate lightness

low colorfulness, high lightness

high colorfulness, high lightness

low colorfulness, low lightness

Fig. 1.

of the experimental setup.

sRGB representation of the 46 NCS samples used in the experiment. The colors were computed assuming the spectrum of the light source
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Fig.2. Colors of the 46 samples represented in the color space CAM02-UCS. The colors were computed assuming the spectrum of the light source

of the experimental setup.

reflectance functions with the effective illumination on the
samples, using this spectrum as the white point.

B. Experimental Setup

The experimental setup is illustrated schematically in Fig. 3.
Experiments were conducted in a dark room, with the only illu-
mination provided by the light sources directed at the samples.
The samples were displayed on a gray board (28 cm x 40 cm)
horizontally positioned on a table. The board was painted
with gray paint corresponding to the Munsell N7 spectrum
(VeriVide Limited, Leicester LE19 4SG UK) and illuminated
by two Solux lamps (Tailored Lighting, Inc., Rochester, NY)
with nominal correlated color temperature (CCT) of 4700 K.
To improve light uniformity on the board, two diffusers (Lamp
Sock Soft Diffuser 18 cm from Honoson) were used, one in
each lamp. The spectra of the lamps with and without the dif-
fuser are shown in Fig. 4. The actual spectrum of the lamps
with diffusers mounted was measured using a telespectrora-
diometer (SpectraRadiometer, PR-650, Photo Research Inc.,
Chatsworth, California), and all colorimetric computations
were based on this spectrum. The lights with diffuser deliv-
ered daylight with a CCT of 3240 K. Using daylight with a
higher color temperature would result in only minimal color
differences, barely distinguishable from those produced under
the current illumination. For instance, daylight with a CCT of
5000 K (D50) would yield colors with an average Euclidean
difference of just 2 in the CAM02-UCS color space. The Solux
lamps were placed at 40 cm from the board. In this condition,
illuminance was 840 lux at the center and varied less than 10%
over the area where the samples were viewed during the experi-
ment. Observers sat at the table such that the viewing distance
was about 50 cm.

Fig. 3.

)

N

Diagram of the experimental setup.
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C. Procedure

Observers rated how much they liked or disliked each color.
The rating was carried out by pointing to a ruler located at the
bottom of the board with a scale from —10 to +10. Prior to the
experiment, observers did an anchoring procedure (see Ref. [6]):
they saw all the colors in a tray and were instructed to pick the
one they liked the most and the one they liked the least. This
procedure, along with the preliminary testing using Ishihara
plates, was conducted under the experimental light source and
took approximately 5 min, allowing participants to adapt to
the illumination. They were then informed that the extremes
of the rating scale corresponded to the two samples selected.
The experimenter then placed each color sample one by one
in random order at the center of the board, and observers were
instructed to rate how much they liked or disliked each color
sample by pointing to the corresponding position on the ruler.

D. Observers

One hundred participants, all of Western origin, took part in the
experiment. For the group without art education, there were 50
participants—half of whom were female—primarily students
from the University of Minho, Portugal. The average age of
females and males in this group was 22 % 3 years (ranging from
18 t0 30) and 22 =+ 4 years (ranging from 18 to 33), respectively.
There was no statistically significant difference in age between
females and males. The inclusion criterion was no formal edu-
cation in arts. They did the experiment at the Color Science
Laboratory of the University of Minho.

For the group with art education, there were 50 participants,
45 of whom were females, each having received some form of art
education at the university level. The average age of females and
males in this group was 23 = 5 years (ranging from 18 to 42) and
36 =+ 13 years (ranging from 21 to 52), respectively. There was
no statistically significant difference in age between females with
and without art education. They were enrolled in bachelor’s,
master’s, or PhD programs in painting, drawing, design, or
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other related art fields. They were mainly students from the
Faculty of Fine Arts at the University of Lisbon, where they did
the experiment. Students typically receive a maximum of one
semester of instruction on color, covering a diverse range of
topics. These include the historical and cultural uses of color and
pigments and occasional introductions to human color vision.
Examples are color theories (e.g., Goethe’s, Newton’s, Da
Vinci’s, Hering’s, and Helmholtz’s), color systems (e.g., CIE’s,
Chevreul’s, and Munsell’s), color vision from light to per-
ception, color mixing for light and pigment, color harmony
(e.g., Chevreul’s laws and Albers’s principles), and historical
perspectives on color in art and its evolution.

Given the imbalance in sex and age within the group, the
results for participants with art education focus exclusively
on the 45 female participants. This imbalance aligns with the
observation that the majority of students in art-related fields are
females. Data for males with art education are presented in S3
and S4 of Supplement 1 and are briefly addressed in Section 4.

All participants had normal or corrected-to-normal visual
acuity and normal color vision as assessed by Ishihara plates
(38 plates edition, Kanehara & Co., Ltd., Tokyo, Japan). The
experiment protocol respects the Declaration of Helsinki
(1964, World Medical Association) and was approved by the
Comissio de Etica para a Investigagio em Ciéncias da Vida e
da Satde (CEICVS 052/2021) of the University of Minho.
All participants signed the informed consent prior to the
experiment.

3. RESULTS

Figure 5 shows the average ratings across the 50 observers with-
out art education. Error bars represent the confidence intervals
obtained with bootstrapping, with 1000 iterations [40]. The
duration of the experiment was on average 9 £ 2 min across
observers, with no significant sex differences. The general pat-
tern of results is typical for Western populations [8,9,11,22,37].
Blue is the preferred color for all lightness and colorfulness
levels, while yellows with low and intermediate lightness are the
least liked. White and black are rated highly and are preferred
over gray.

Figure 6 shows the data from Fig. 5, segmented by sex for
the 25 males and 25 females. For the chromatic samples, each
panel represents the data for a specific level of colorfulness and
lightness, as indicated. Error bars represent the confidence inter-
vals obtained with bootstrapping, with 1000 iterations [40].
Significant differences between males and females obtained by
the two-sided Wilcoxon test are signaled with an asterisk. There
are systematic differences for the red [Fig. 6(a), p = 0.0440,
Fig. 6(b), p =0.0001, and Fig. 6(c), p =0.0307], purple
[Fig. 6(b), p =0.0003, Fig. 6(c), p =0.0027, and Fig. 6(e),
p=0.0401], and pink samples [Fig. 6(b), p =0.0000,
Fig. 6(c), p =0.0003, and Fig. 6(e), p =0.0110], these
being rated higher by females. Dark yellows [Figs. 6(a), 6(b),
and 6(e)] are the least liked by both groups. Blue is the most
liked by males [Figs. 6(a), 6(b), 6(c), and 6(e)], whereas red
[Figs. 6(a) and 6(b)], purple, and pink [Fig. 6(e)] tend to be
the most liked by females. Males tend to prefer more saturated
colors than females, particularly, for yellow (p = 0.0052) and
blue (p = 0.0263), but not for purple (p =0.0401) and pink
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(p =0.0110). The pattern of preferences for males is more
uniform than that of females (see also Fig. 8). No significant
differences between females and males were observed for the
achromatic samples. More detailed statistical data are pre-
sented in S2 of Supplement 1. These results reveal significant
sex differences that are largely consistent with those found in
previous studies [12,41].

Figure 7 compares, in the same format as Fig. 6, the average
ratings across the 45 females with art education to those of
the 25 females represented in Fig. 6. Error bars represent the
confidence intervals obtained with bootstrapping, with 1000

iterations [40]. No significant differences in the duration of the
experiments were found between the two groups of females.
Significant differences obtained by the two-sided Wilcoxon test
are signaled with an asterisk. There are systematic differences
for the red [Fig. 7(b), p =0.0175, Fig. 7(c), p =0.0010,
and Fig. 7(e), p =0.0038] and pink [Fig. 7(b), p = 0.0243,
Fig. 7(c), p =0.0001, and Fig. 7(e), p = 0.0086], which were
rated lower by females with art education, and yellow samples
[Fig. 7(a), » =0.0001, Fig. 7(b), p = 0.0235, and Fig. 7(e),
2 =0.0199], which were rated higher by females with art edu-
cation. Females with art education rated low lightness samples
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higher [Fig. 7(a)] and high lightness samples lower [Fig. 7(c)].
They also rated the samples more uniformly across hues (see also
Fig. 8), with a less tendency to overrate red, purple, and pink
samples. No significant differences were obtained for achro-
matic samples [Fig. 7(d)] or for samples with high colorfulness
and high lightness [Fig. 7(f)]. More detailed statistical data are
presented in S2 of Supplement 1.

Figure 8 shows the variance of the ratings across hues, light-
ness, and colorfulness. Data were represented for the 25 females
and 25 males without art education and for the 45 females
with art education. Females without art education exhibit
greater variance than males withoutart education across all three
dimensions. Additionally, they show markedly higher variance
in hue and lightness compared to females with art education.

4. DISCUSSION

This study reports preference ratings for single colors in a bal-
anced sample of males and females without art education, as
well as in a sample of females with art education. Art education
was considered formal enrolment in university-level art courses,
e.g., painting, conservation and restoration, and art history.
The ratings obtained from individuals without art education
are similar to those reported using a comparable sample and
technique [8]. Forall lightness and colorfulness levels, blue is the
favorite for the whole sample. Dark and intermediate lightness
yellows are the least preferred. Also consistent with a previous
study [9], white and black are highly rated, and gray a bit less.

A comparison between females and males revealed signifi-
cant differences, particularly in the reds, purples, and pinks,
with females rating these hues higher than males. Similar sex
differences have been reported in other studies [10,12,14,42].
Females with art education revealed significant differences from
those without. They tend to rate colors more uniformly across
lightness and hues with less tendency to overrate red, purple,
and pink.

The method employed here involved the individual sample
ratings, preceded by a preliminary anchoring procedure. While
there is some debate about how this methodology compares to
pairwise color comparisons [15], both techniques yield similar
results [43]. The selection of colored samples was based on the
NCS standard color set, which is known to represent natural
colors better than the Munsell set [38]. Furthermore, the sam-
ples were physical rather than colors displayed on a monitor
screen. These particularities of the methodology did not seem to
interfere with the results as they show high compatibility with
previous data.

Adaptation to the lighting conditions lasted approximately
5 min before the experimental procedure began, ensuring
full or near-full chromatic adaptation. More than 50% of the
total color appearance to a steady background is known to
take place by a mechanism with a half-life of 10 ms [44]. Even
for complex images, adaptation is almost complete after a few
seconds [45]. Although the color appearance of the samples
varies with the chromatic composition of the light source, color
constancy mechanisms under full adaptation minimize these
changes perceptually. This was estimated by comparing the
colors under the experimental illumination to those under the
standard illuminant D50 in the CAMO02-UCS color space (see
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Section 2). Using a different light source, particularly one with
a higher color temperature, may influence color preferences for
individual samples. However, given the minimal changes in
appearance, the overall impact is unlikely to be significant.

Another point to consider is whether the experimental setup
and procedures were consistent for the two groups tested: those
with and those without art education. Although the individ-
uals without art education were tested at the Color Science
Laboratory of the University of Minho and those with art edu-
cation at the Faculty of Fine Arts of the University of Lisbon,
the equipment, procedure, and experimenter were the same
which rules out any undesirable methodological asymmetries.
Additionally, our study did not investigate whether females
without formal art education were art enthusiasts or amateur
painters. However, the magnitude of those potential influences
is not substantial enough to overshadow the effects of formal art
education.

It is well known that hue preferences vary more among
females than males, with a bias toward red or pink [12] even in
industrialized non-Western cultures [10,13]. Such dimorphism
seems to generalize even to remote, non-industrialized cultures
[42]. These sex differences have been related to evolution in
the context of the hunter—gatherer theory, which proposes that
females should be optimized for gathering ripe red fruits and
berries [12]. The ecological valence theory, which associates
color preference with affective responses to color-associated
objects [8], has been tested in sex differences with little success
[37].

The data presented here suggest that art education influences
females” color preferences, promoting a more balanced distri-
bution across the perceptual dimensions of hue and lightness.
What may explain this effect?

Art education seeks to balance foundational knowledge and
the encouragement of creativity. The reduced variations in color
preferences across perceptual dimensions such as lightness and
hue, as observed in our results (Fig. 8), likely reflect these dual
objectives. On the one hand, exposure to diverse color theories,
historical and aesthetic paradigms, and practical applications
within the curriculum may foster a more uniform appreciation
of the entire color palette. On the other hand, greater consis-
tency in aesthetic values across colors may provide artists with
more freedom in their creative use of color. Although this study
did not include a comparable sample of males with art educa-
tion, it is reasonable to expect that the effects observed here may
also apply to males, an assumption that is consistent with the
limited data obtained for males (see S3 and S4 of Supplement 1).

One could argue that art education nurtures a deeper under-
standing of colors as tools for expression, which may moderate
extreme preferences or aversions to certain colors. On the other
hand, females who pursue art education may already exhibit
more uniform color preferences due to their artistic personality
traits. Whatever the reason, these findings imply that, at least for
Western females, art education is associated with distinct and
more uniform color preferences.
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