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Color composition is a crucial factor in the aesthetic evaluation of paintings. Several studies have 
reported a prototype preference for art paintings, where altering the original painting results in a 
poorer aesthetic evaluation. If the original painting has familiar features, the phenomenon of original 
preference may be due to the fluency of processing color composition in paintings. However, there 
are few investigations into the neurocognitive mechanisms underlying the preference for original 
paintings. This study aimed to clarify whether the original preference is due to the fluency of processing 
color composition using P3 asymmetry to reflect perceptual fluency for stimuli. Oddball tasks with 
a combination of the original and 180°, or 90° and 270° as control, were performed by swapping the 
repetitive and deviant stimuli for each task. The results revealed that P3 asymmetry was found only 
with a combination of 0° and 180°, indicating that the color composition of original paintings can be 
fluently processed compared with other color compositions in hue-rotated paintings. This explanation 
may lead to the elucidation of universal color preferences or physiological mechanisms that favor 
certain color compositions.

The paramount criterion for evaluating the aesthetic value of a painting is balanced composition1. Several 
studies have demonstrated a prototype preference for paintings, with aesthetic evaluations declining when 
certain elements of the original painting are altered, such as when a realistic painting is transformed into an 
abstract rendering2, objects within the painting are relocated3, the orientation of the painting is rotated4, and 
the color gamut of the painting is rotated5. Nascimento et al.5 manipulated preferences by altering only the color 
composition, defined as the interaction of color combinations and color positions, by rotating the hue around the 
mean chromaticity of the paintings without changing the spatial features and mean chromaticity. This preference 
for the original color composition is driven by the perception of naturalness inherent in the composition6. 
Naturalness is determined by familiarity, defined as the psychological distance between the observer and 
the object/scene7. Thus, the prototype preference for paintings, as exemplified by color composition, may be 
attributed to high familiarity with the artwork.

The processing of a stimulus may differ in terms of both velocity and precision contingent upon its inherent 
attributes; this efficiency is denoted as “fluency.” The preference elicited by familiarity may, in part, be attributable 
to a misattribution of perceptual fluency8. Familiar stimuli that have been previously exposed are processed with 
greater fluency than are novel stimuli. This heightened fluency is erroneously ascribed to a preference for the 
stimulus. Perceptual fluency is one of the components that constitute processing fluency, alongside conceptual 
fluency. Perceptual fluency refers to the ease with which physical characteristics of stimuli, such as size or shape, 
are processed. This fluency is influenced by variables such as clarity9, prior exposure8,10, and familiarity11,12 with 
the stimuli, which relate to the misattribution of perceptual fluency mentioned earlier. Conversely, conceptual 
fluency refers to the ease with which the meaning of stimuli is processed and is affected by semantic priming13. 
Reber et al.14 posited the fluency model as a theoretical framework underpinning the formation of aesthetic 
preferences. They contended that an object’s visual attributes, in conjunction with an individual’s prior exposure 
to it, modulate its processing fluency, thereby instigating positive emotional responses and facilitating aesthetic 
evaluations. While several investigations have substantiated an inverted U-shaped relationship between 
processing fluency and aesthetic preference, additional information, such as the title, style, and description of 
a painting, can also augment aesthetic preference for stimuli characterized by low processing fluency15,16. The 
pleasure-interest model of aesthetic liking (PIA model), combining the fluency model of aesthetic pleasure14 
and dual-process theory from social psychology17, asserts that aesthetic preferences are generated through 
two distinct processes involved in stimulus processing. Automatic processing depends primarily on the 
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characteristics of the stimuli themselves and remains separate from conscious evaluation. It is linked with the 
unconscious induction of emotional responses that do not require cognitive resources. Conversely, controlled 
processing entails purposeful engagement with stimuli, including deliberate analysis and interpretation, which 
may culminate in the modification of preceding emotional responses18. Within the PIA model, both automatic 
processing and controlled processing are shaped by perceptual and conceptual fluency. Nevertheless, automatic 
processing is thought to be more strongly affected by perceptual fluency, whereas controlled processing is more 
strongly affected by conceptual fluency18. Following the PIA and fluency model of aesthetic pleasure, original 
painting preferences may be attributed to the processing fluency induced by features inherent in the original 
works. Given that the preference bias demonstrated by Nascimento et al. with regard to the original color 
composition5 is elicited despite the absence of any differences in visual features besides the color composition, 
exploring this bias from a processing fluency perspective may shed light on the mechanism underlying the 
preference for color composition.

The field of neuroaesthetics, which endeavors to reveal abstract subjective cognitive and affective processes, 
such as aesthetic preferences, from brain function, was postulated by Zeki19. Since then, several attempts have 
been made to indirectly investigate the correlation between perceptual/cognitive factors and aesthetic sensations 
by measuring the brain activities associated with these factors20–28. Notably, event-related potentials (ERP), 
which are voltage fluctuations in the electroencephalogram (EEG) that are temporally related to internal or 
external events, have revealed several components related to aesthetic judgments, including the posterior P2 
(peaks in positivity at least 200 ms after the event) associated with the efficient allocation of selective attention 
resources25, N2 (peaks in negativity at least 200 ms after the event) reflecting processing time for inhibiting 
responses26, the anterior P2 associated with emotions and arousal25,27, and P3 and late positive potential (LPP) 
associated with subjective arousal and long-term memory28. The manifestation of the P3 amplitude in response 
to the oddball paradigm is explained by context-updating theory, which posits that the P3 amplitude is evoked 
when the memory comparison process in working memory determines whether an input stimulus is the same 
as a previous stimulus29,30. If the process determines that an input stimulus differs from a previous stimulus, 
the stimulus representation is updated. Working memory processing performance is poorer with unfamiliar 
objects than with familiar objects31,32. The difference in P3 amplitude between repetitive and deviant stimuli 
in the oddball paradigm is greater when the deviant stimulus is more unnatural or unfamiliar than is the 
repetitive stimulus, for example, when a blue face is the deviant stimulus and a pale-orange face is the repetitive 
stimulus33,34. Such asymmetry in P3 amplitude is an indicator of processing fluency. Thus, it can be predicted 
that if the color composition of a painting is fluently processed by an observer, the P3 amplitude will increase 
when the representation in working memory is updated from the original painting to a hue-rotated painting.

Regarding the study of original color composition preferences, Nakauchi et al.35 demonstrated high-
dimensional color characteristics in universally preferred original paintings. Nascimento et al.6 reported that 
the naturalness of such color compositions drives aesthetic appreciation. Taniyama et al.36 indicated that 
original painting preferences are judged at relatively early stages, such as automatic processing, as evidenced 
by changes in pupillary light reflex. Nevertheless, the fundamental reasons behind the preference for paintings 
with such color characteristics and the perceptions underlying their naturalness assessment remain ambiguous. 
The color characteristics inherent in the original artwork possesses heightened naturalness. However, as 
naturalness comprises two dimensions—namely, “closeness to nature” and “familiarity”7—discerning whether 
this assessment of naturalness is derived from familiarity, closely related to processing fluency, cannot be 
conclusively determined through behavioral evaluation or pupil measurements, which fluctuate due to various 
factors. As mentioned previously, the P3 amplitude reflects the difference in naturalness between deviant and 
repetitive stimuli in the oddball paradigm. Consequently, potential exists to extract processing fluency, derived 
from naturalness, from the color composition of paintings through EEG measurements.

This study aims to elucidate the processing fluency of color composition in original paintings using P3 
asymmetry induced in an oddball paradigm between original and hue-rotated paintings. The hypothesis is that if 
the color composition of the original paintings possesses high processing fluency, which leads to the perception 
of naturalness, P3 asymmetry will be observed between the 0° (original) and 180° hue rotation. Conversely, 
between the 90° and 270° hue rotation, where neither possesses the naturalness of the original painting, P3 
asymmetry will not be observed. Additionally, in the experiment by Taniyama et al.36, which used both abstract 
and representational paintings (flower paintings) to investigate the influence of context within the painting, it 
was confirmed that pupil constriction occurred when viewing the original paintings, regardless of whether they 
were abstract or flower paintings. Therefore, in this experiment, it is similarly expected that P3 asymmetry will 
be observed regardless of the context. As for the behavioral data in the oddball task, higher P3 amplitude has 
been found to be associated with higher accuracy for target identification in a previous related study37. Hence, 
when the 180° hue-rotated painting that is predicted to elicit a larger P3 amplitude serves as the target, accuracy 
is expected to be higher. However, differences in the perceived naturalness or processing fluency of paintings 
could affect identification accuracy in addition to P3 asymmetry.

Materials and methods
Participants
Twenty-three volunteers participated in the experiment (17 men and six women; age: 20–23 years, mean age: 
21.80 years, SD: 0.92). All participants were undergraduate or postgraduate students at Toyohashi University of 
Technology. The participants were trichromats and had normal or corrected-to-normal visual acuity. Ishihara 
plates were used for color vision testing. The participants provided their written informed consent before the 
experiment. The experimental procedures were performed in accordance with the Declaration of Helsinki and 
approved by the Committee for Human Research of Toyohashi University of Technology.
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Stimuli and apparatus
The stimuli comprised 10 abstract and 10 flower paintings, obtained from WikiArt.org (see Table 1). All data 
related to the paintings are available at WikiArt.org. The reason for using both abstract paintings and flower 
paintings as stimuli is to examine the influence of context within the paintings. In representational art, such as 
the flower paintings, recognizable objects are depicted, and elements such as the yellow petals of a sunflower may 
be influenced by memory colors. In contrast, abstract paintings, containing no recognizable objects, allow for the 
investigation of the pure effects of color composition alone. Hue-rotated paintings were generated by rotating the 
chromaticity of the original paintings for each pixel in the CIELAB color space by 90° each, around a line parallel 
to the L* axis through the mean chromaticity point on the a*–b* plane5,35. The hue-rotated paintings were paired 
at 180° each (0°–180° and 90°–270°) because the greatest shift on each pixel occurs on the a*–b* plane. In the 
oddball paradigm, one painting from each pair was presented frequently (standard), whereas the other was 
presented infrequently (target). The stimuli were resized to the mean area of all paintings while preserving their 
aspect ratio (mean visual angle (degree): x,y = 6.49, 6.17; SD: x, y = 0.852, 0.876). The mean L* value of all the 
paintings was 55.68, and raw luminance was 15.96 cd/m2 (SD: L* = 0.576, raw luminance = 0.535 cd/m2). The 
paintings were presented on a gray background (with the same luminance as that of the paintings, i.e., 15.96 cd/
m2). The 80 paintings were divided into two categories (abstract, flower) and four hue angles (0°, 180°, 90°, and 
270°), with each category and hue consisting of 10 paintings (total number of stimuli: 80).

EEG measurements were taken in a dark room using a Biosemi 64-channel ActiveTwo system with a 
sampling frequency of 500 Hz and 64 electrodes. The participants had their heads held steady on a chinrest 
situated at a viewing distance of 60 cm from the LCD monitor (VIEWPixx, resolution: 1920 × 1200 pixels, frame 
rate: 120 Hz).

Procedure
The experiment comprised 80 trials, with 10 trials per condition, and a 4:1 ratio of repetitive (standard) to 
deviant (target) presentations in the oddball task. The frequency of target presentation during the task was 
randomly determined between 6 and 10 times per trial. The experiment comprised a total of four sessions, with 
each session consisting of 20 trials. Participants were allowed to take breaks between sessions as needed. Within 
each session, the 0°−180° and 90°−270° pairs were presented 10 trials each in a random order. The category and 
target hue within a session remained consistent throughout. The order in which the category and target hue were 
presented was counterbalanced across participants. None of the paintings were shown to participants prior to 
the experiment, and no painting was repeated across trials.

Before the task, a fixation point was displayed for 1500 ms. During the task, stimuli were presented for 200 
ms, with a 500 ms interval of fixation point presentation between each stimulus. Participants were instructed 
to fixate on the center of the screen while maintaining a stationary viewpoint. The timing of target stimulus 
presentation was randomized. Upon completing the oddball task, participants were asked to report the number 
of target presentations. They were instructed to count the number of other paintings that were not the first 
painting presented because the target was never presented first. The trial flow is depicted in Fig. 1 and an example 
stimulus for each condition is presented in Fig. 2.

Category Image no. Title Artists Date

Abstract

#01 City Landscape Joan Mitchell 1955

#02 Composition Pavel Filonov 1928–1929

#03 Composition II, Indigo Violet Derived from Equilateral Triangle Georges Vantongerloo 1921

#04 Discs Fernand Leger 1918

#05 Episcopalian Pandemonium Pat Lipsky 1976

#06 Geometric Composition Georges Valmier 1930

#07 Indian Myth Jock MacDonald 1948

#08 L’étoile polaire Maurice Esteve 1953

#09 Stand Sam Gilliam 1973

#10 The Surge Conrad Marca-Relli 1958

Flower

#01 Blühender Schlangenkaktus vor Seelandschaft Adolf Dietrich 1944

#02 Bouquet de fleurs Andre Bauchant 1937

#03 Countryside Flowers Samuel Mutzner 1884–1959

#04 Pot of Flowers Pierre Bonnard 1888

#05 Rhododendron Falconeri from the Mountains of North India Marianne North 1878

#06 Still Life with Spring Flowers Jan Sluyters 1925-1926

#07 Untitled Ligia Macovei 1916-1998

#08 Vase of Flowers on a Red Tablecloth Odilon Redon 1900

#09 Vaso com Flores na Janela, Campos do Jordão Jose Pancetti 1943

#10 Wildflowers Odilon Redon 1906

Table 1.  List of paintings used in the experiment.
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The experiment in this study includes two conditions: category and target-hue. The former contained two art 
painting genres, abstract paintings (abstract) and representational paintings (flower). The latter defines which 
hue-rotated painting is assigned to the target stimulus in the oddball task. For example, when the target hue was 
0°, the standard stimulus was set to 180°; conversely, when the target hue was 180°, the standard stimulus was 
set to 0°.

The experiment was conducted using MATLAB 2019b and Psychtoolbox 338. EEG recordings were obtained 
throughout the trials, with the analysis focusing exclusively on EEG data collected during the oddball task.

Data analysis
EEG data
Although EEG recordings were obtained continuously throughout the trials, only the EEG data from the 
presentation of the fixation point to the end of the oddball task were analyzed. EEG signals were filtered between 
0.1 and 30 Hz, re-referenced to the average of both earlobes, and interpolated to remove artifacts such as blinks, 
employing the artifact subspace reconstruction (ASR) method. EEG data were epoched for each stimulus 
presentation in the oddball task. Subsequently, epochs in which the voltage of the EEG signal exceeded ± 100 µV 
at any electrode were rejected. The grand average of the epoch rejection rate was 0.104 (SD = 0.117) (the epoch 
rejection rates for each condition are presented in Supplementary Table 1).

The P3 component of the EEG, measured at the parietal Pz electrode, was analyzed. A − 100 ms to 700 ms 
interval centered around each stimulus presentation was cut out, with the presentation of each stimulus in a 
trial during the oddball task assigned a time of 0 ms. Baseline correction was performed by subtracting the 
averaged amplitude of interval from 100 ms prior to stimulus presentation to 0 ms from the entire interval. The 
cognitive load that occurred during the context-updating process within the oddball paradigm was quantified 
by the difference in P3 responses between the target and standard stimuli. To extract the P3 component, we 

Fig. 2.  Example of stimuli and description of the conditions (example of abstract painting: Color Construction 
by Aleksandra Ekster, 1912; example of flower painting: Bouquet of Sunflowers by Claude Monet, 1880).

 

Fig. 1.  Experimental procedure (example painting: Color Construction by Aleksandra Ekster, 1912).
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computed the difference by subtracting the averaged standard EEG waveform from the target EEG waveform 
within each pair condition, followed by taking maximum value from the resulting subtraction waveform within 
the 330–450 ms time window. We confirmed the presence of P3 asymmetry by comparing components under 
different conditions. For example, when presenting the 180° hue-rotated painting as the target stimulus with the 
standard stimulus set at 0°, we calculated the difference as target 180° minus standard 0°.

Accuracy of the target identification data
The accuracy of the identification of the target stimuli in the oddball paradigm was grand-averaged among 
all participants in each condition. Two participants were excluded from the accuracy analysis because their 
behavioral data could not be recorded due to data transmission problems.

Statistical analysis
To determine the presence of P3 asymmetry, two-way repeated-measures analyses of variance (ANOVAs) were 
performed with the category condition (abstract vs. flower) and target-hue condition (0° vs. 180° or 90° vs. 270°) 
on the P3 components after subtracting the standard EEG from the target EEG for each 0°–180° and 90°–270° 
pair. Similarly, for the accuracy data, two-way repeated-measures ANOVAs were performed with the category 
condition (abstract vs. flower) and target-hue condition (0° vs. 180° or 90° vs. 270°) on the accuracy data for each 
0°–180° and 90°–270° pair.

For the two-way repeated-measures ANOVA, a partial eta square was indicated as the effect size. Post hoc 
comparisons using paired-sample t-tests were conducted for significant factors using ANOVA.

Results
P3 asymmetry by Hue-rotation
Figure 3 depicts the subtraction of the standard EEG from the target EEG in each condition. Figure 4 reveals 
the results of the inter-participant averages of the maximum values of the differential EEGs shown in Fig. 3 
in the 330–450 ms range (P3 difference). Further, the topographs of the P3 differences at each electrode are 
shown in Supplementary Fig. 5. Table 2 presents the ANOVA results for Fig. 4, showing a significant difference 
in the target-hue condition of the 0°–180° pair, F (1, 22) = 7.873, p = 0.010, η2

p = 0.264, and in the 
category condition of the 0°−180° pair, F (1, 22) = 4.540, p = 0.045, η2

p = 0.171. This result indicates that 
replacing the target stimulus from the 180° hue-rotated painting to the original painting (0°) in the 0°–180° pair 
reduced the P3 amplitude difference between the target and standard in both painting categories, confirming 
the asymmetry of P3 in the 0°–180° pair. However, no significant difference was observed in the target-hue 
condition of the 90°–270° pair, F (1, 22) = 0.480, p = 0.496, η2

p = 0.021.

Accuracy of target identification in the Oddball paradigm
The results of the accuracy of counting the number of target presentations in the oddball paradigm are plotted 
in Fig. 5. Table 3 presents the ANOVA results for Fig. 5, revealing a significant interaction between the category 
and target-hue condition in the 0°–180° pair, F (1, 21) = 7.949, p < 0.05, η2

p = 0.275. Simple main effects 
were observed between categories when the target-hue was 0°, F (1, 21) = 8.670, p < 0.01, η2

p = 0.292
, and between 0° and 180° when the category was flower, F (1, 21) = 14.013, p < 0.01, η2

p = 0.400. No 
significant main effects or interactions were observed in the 90°–270° pair.

Discussion
This study sought to determine whether the preference for an original painting was due to the high processing 
fluency with its color composition by using P3 asymmetry. Our findings were as follows: (1) The P3 amplitude 
difference was significantly larger when the target hue was 180° than when it was 0° (original). However, no 
significant differences were observed among the 90°–270° pairs, indicating P3 asymmetry only among the 0°–
180° pairs. (2) The accuracy of target identification was significantly different only for flower paintings in the 
0°–180° pairs, confirming that the accuracy at 0° was higher than that at 180° for the flower paintings but not 
the abstract paintings.

The P3 asymmetry shown in this study resembles search asymmetry, which involves searching for an outlier—
diagonal line as the target—in straight lines. This phenomenon occurs with a shorter response time when the 
target is represented by a diagonal line39. This arises from the deviation from a standard condition, which can be 
attributed to the greater prevalence of lines parallel or perpendicular to the ground compared to oblique lines 
in our daily experiences. The phenomenon of a downward-tilted cube being preferred—referred to as viewing-
from-above bias—leads to search asymmetry, as demonstrated by the reduced reaction time when searching for 
an upward-facing, rather than a downward-facing, cube with its bottom visible40. This bias may arise from the 
prevalence of objects in daily life being viewed from above, resulting in the formation of an acquired standard. 
The similarity in color statistics between paintings and natural landscapes41,42 suggests that exposure to color 
composition contained in numerous original paintings in daily life may form a cognitive bias toward original 
paintings. Thus, the asymmetry of P3 in the 0°–180° condition may be due to the assumption that the color 
composition of original paintings represents the standard state.

Perceptual fluency is closely related to stimulus familiarity, with higher perceptual fluency generally leading 
to higher familiarity9,43,44. The P3 asymmetry between the original and hue-rotated paintings produced in this 
experiment further supports the theory that familiarity causes the preference for original paintings. P3, induced 
by the oddball paradigm, is caused by updating representations stored in working memory by the stimuli to 
which they are exposed (context-updating hypothesis). Working memory capacity is related to the speed of 
stimulus processing, whereas perceptual fluency reflects processing speed14,45. Working memory processing 
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performance is also higher for familiar objects than for unfamiliar ones32. These findings suggest a difference in 
familiarity and perceptual fluency between the original and the 180° hue-rotated paintings, providing evidence 
that original paintings have familiar color compositions.

Regarding the P3 amplitude, when the target hue was 180°, the difference in P3 amplitude increased regardless 
of the category, whereas the accuracy of target identification was better when the target hue was 0° with only the 
flower condition. If the P3 amplitude was correlated with oddball task performance, a larger P3 amplitude would 
result in more accurate discrimination. When a hit occurs, the P3 amplitude is significant, whereas in the case 
of a miss, it decreases. Additionally, the greater the signal detection sensitivity, represented by d’, the larger the 
P3 amplitude by target identification in the oddball task37. However, the findings of this experiment revealed a 
contrasting result, whereby accuracy was lower when the target was at 180° compared to when it was at 0° in the 
flower condition, and the P3 amplitude was larger for stimuli associated with lower accuracy. This suggests that 
changes in the P3 amplitude due to decreased processing fluency caused by unnaturalness are more pronounced 
than in the previously mentioned relationship between task performance and P3 amplitude. Furthermore, 

Fig. 3.  Results of the differential EEGs (target EEG–standard EEG) in abstract in the 0°–180° hue-pair (top-
left), abstract in the 90°–270° hue-pair (top-right), flower in the 0°–180° hue-pair (bottom-left), and flower 
in the 90°–270° hue-pair (bottom-right). The yellow and blue lines represent differential EEG when the target 
is the original painting (0°) or hue-rotated painting (180°), respectively. The green and red lines represent 
differential EEG when the target is the 90° or 270° hue-rotated painting, respectively. Shaded regions represent 
the standard errors in each condition.
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the difference in accuracy observed only in the flower condition may reflect the results of a previous study, 
which revealed that a decrease in naturalness due to hue rotation is more significant in flower than in abstract 
paintings36. In addition, the opposite relationship between P3 difference and target identification as predicted 
might be related to differences in the method of target identification in the oddball task. The oddball task in this 
study requires remembering the number of targets that appeared during the task, rather than responding with a 
button press when the target is identified46. In other words, working memory resources must be reserved. Kok 
states that increased memory load in visual search tasks involving memory rehearsal reduces allocable resources 
and decreases the P3 amplitude elicited by target identification in the visual search task47. Given that P3 is larger 
when 180° is the target, because more working memory resources are needed to update the representation from 
0° to 180°, updating to 180° could lead to working memory overload, making it impossible to allocate resources 
to the task of counting the number of targets. The main difference between the abstract and flower paintings 
lies in whether or not there is an identifiable object in the paintings. In the case of flower paintings, there is 
additional semantic processing, related to the connection between the object and the color, which is probably 
absent in abstract paintings. The hue-rotated flower paintings require more working memory resources because 
of the lower conceptual fluency due to the lack of object-color associations.

The P3 difference was significant between categories, with a larger P3 difference in flower paintings than in 
abstract paintings. Evidence suggests that laypeople tend to pay more attention to details of recognizable objects 
when viewing representational paintings48. It is also known that the left hemisphere of the brain is superior in 
processing local features and category judgments, while the right hemisphere is superior in processing global 
and configural features49,50; further, it has been reported that in preference judgments, preference was enhanced 
when representational paintings were presented in the right visual field, whereas no such left-right difference was 
observed for abstract images24. The amplitude of the P3 is known to increase with the difference in perceptual 

Conditions

0°–180° 90°–270°

F-ratio p η2
p F-ratio p η2

p

Category 
(abstract/flower) 4.540 0.045 * 0.171 1.249 0.276 0.054

Target-hue 
(0°/180° or 90°/270°) 7.873 0.010 * 0.264 0.480 0.496 0.021

Category * Target-
hue 0.011 0.917 0.001 0.066 0.800 0.003

Table 2.  Results of two-way repeated-measures analysis of variance (ANOVA) for P3 asymmetry in each hue-
pair (0°–180°, 90°–270°) with category condition (abstract vs. flower) and target-hue condition (0° vs. 180°, or 
90° vs. 270°) as independent factors (∗p < 0.05.). Significant values are in [bold].

 

Fig. 4.  The P3 difference (target–standard). The yellow and blue bars represent the P3 difference when the 
target is the original painting (0°) or hue-rotated painting (180°), respectively. The green and red bars represent 
the P3 difference when the target is the 90° or 270° hue-rotated painting, respectively. The error bars (black 
lines) represent the standard error. The asterisk implies a significant difference between levels (p < 0.05).
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distinctiveness between the target and standard51,52. These results suggest that while flower paintings are affected 
by the color change between the original and the hue-rotated painting because attention is focused on the flower, 
abstract paintings are less affected by the color change because local attention is less focused, and the mean 
chromaticity of the painting does not change between the original and the hue-rotated paintings. Thus, because 
the difference in perceptual distinctiveness between the standard-target is larger in the flower paintings, the P3 
amplitude difference is expected to be larger in these paintings.

A significant P3 asymmetry was found for the 0°–180° pair but not for the 90°–270° pair. This result may be 
due to the original painting preference, similar to a previous finding that preference was reduced by changing 
some of the components of the original painting3. The distance in chromaticity moved by each pixel due to hue 
rotation was the same between the original and the 180° hue-rotated paintings and between the 90° and 270° 
hue-rotated paintings. In other words, the hue difference of each pixel between the two is the same. Nevertheless, 
the fact that a difference was observed only in the 0°–180° pair further supports the hypothesis that the original 
paintings have a familiar color composition. What exactly is a familiar color composition? Although the color 
statistics of paintings are similar to those of natural scenes41,42, the preferred color composition of paintings is 
not always similar to that of natural landscapes. Nakauchi and Tamura demonstrated that the preference for 

Conditions

0°–180° 90°–270°

F-ratio p η2
p F-ratio p η2

p

Category 
(abstract/flower) 1.706 0.206 0.075 1.046 0.318 0.047

Target-hue 
(0°/180°, or 90°/270°) 4.938 0.037 * 0.190 0.000 1.000 0.000

Category * Target-hue 7.949 0.010 * 0.275 2.038 0.168 0.088

 Category at 0° 8.670 < 0.01 ** 0.292 ─ ─ ─

 Category at 180° 1.410 0.248 0.063 ─ ─ ─

 Target-hue at abstract 0.128 0.724 0.006 ─ ─ ─

 Target-hue at flower 14.013 < 0.01 ** 0.400 ─ ─ ─

Table 3.  Results of two-way repeated-measures ANOVA for accuracy of target identification in each hue-pair 
(0°–180°, 90°–270°) with category condition (abstract vs. flower) and target-hue condition (0° vs. 180°, or 90° 
vs. 270°) as independent factors (∗p < 0.05. ∗ ∗p < 0.01.). Significant values are in [bold].

 

Fig. 5.  The accuracy of target identification. The yellow and blue bars represent the accuracy when the target 
is the original painting (0°) or hue-rotated painting (180°), respectively. The green and red bars represent the 
accuracy when the target is the 90° or 270° hue-rotated painting, respectively. The error bars (black lines) 
represent the standard error. Two asterisks imply significant differences between levels (p < 0.01).
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paintings can be explained by three color statistics in the LAB color space: skewness a*, correlation a*–b*, and 
correlation L*–b*53. This study also investigated the correlation coefficients between P3 difference and each 
color statistic in the 0°−180° hue pairs as additional analysis with single regression. The results showed that 
correlation a*-b*, skewness b*, and skewness a* were higher, in that order, and correlation a*-b* and skewness 
a* were consistent with previous studies as variables explaining preference (results of the single regression 
analysis are presented in Supplementary Tables 2 and 3). While these three (skewness a*, correlation a*–b*, 
and correlation L*–b*) or consistent two color statistics (correlation a*-b* and skewness a*) explaining painting 
preference are common across painting categories, subjective evaluations such as preference and naturalness, as 
well as discrimination performance in an oddball task, reveal that the effect of hue rotation is more significant 
in flower paintings than in abstract paintings36. In this experiment, however, no significant differences were 
observed in the P3 asymmetry of the 0°–180° pair between abstract and flower paintings. Similarly, no significant 
differences were observed in pupillary constriction by hue rotation between the abstract and flower paintings36. 
These findings suggest that physiological responses reflecting automatic processing in the PIA model, such as 
the pupillary light reflex36 and P3 asymmetry, reflect preference judgments toward familiar color compositions 
present in original paintings, irrespective of painting categories. Moreover, in behavioral responses that require 
controlled processing in the PIA model, such as subjective evaluations, there may exist a potential reflection of 
preference judgments arising from the relationship between objects, such as flowers, and their associated colors 
(memory color), in addition to the shared color characteristics of paintings.

The number of stimuli used in the psycho-physiological experiment was limited due to the load on the 
participants. Therefore, it was difficult to analyze color statistics because the sample was small. However, the 
results of this study, which revealed that the color composition preference of paintings could be explained by 
an implicit familiarity index called P3 asymmetry, suggest that combining the previous findings that several 
color statistics and visual characteristics can explain the preference for paintings, with this study, which 
investigates the factors of preference for paintings from a physiological aspect, may improve the understanding 
of universal color composition preference and the physiological mechanisms by which these colors are preferred. 
Consequently, evaluations related to color composition, which have relied predominantly on hue and contrast 
so far, can now incorporate physiological indicators alongside behavioral data. Moreover, by generalizing this 
evaluative methodology to be accessible not only to specialists for visual design but also to amateurs, it holds 
promise as a means to support individuals lacking in aesthetic sense.

Data availability
The datasets generated during and/or analyzed during the current study included in this article are available 
from the corresponding author on reasonable request.
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