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cal questionnaire was administered to 256 volunteers asked to choose among three possi-
ble proportions between the parts of the same stimulus (GR, 1.5, and 1.8). In
Experiment 2, we recorded eye movements in 15 participants who had to express an aes-
thetic judgment on the same stimuli of Experiment 1. The results revealed a slight overall
preference for GR (53%, p < .001), with higher preferences for stimuli representing
humans, anthropomorphic sculptures, and paintings, regardless of the cultural level. In
Experiment 2, a shorter dwell time was significantly associated with a better aesthetic
judgment (p = .005), suggesting the possibility that GR could be associated with easier
visual processing, and it could be hence considered as a visual affordance.
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INTRODUCTION

The sense of beauty represents a very addressed and discussed
topic in the field of psychology (Ramachandran &
Hirstein, 1999), and in the last two decades, neuroaesthetics
have become an important field of research for neurophysiolo-
gists and neuropsychologists (Bundgaard et al., 2017;
Zeki, 1999a, 1999b) interested in the cognitive and perceptual
processes perception  of  beauty
(Bundgaard, 2015). Recent studies exploited the eye tracking

involved in  the

methodology to objectively analyze the “salient” properties of
an object that may capture the beholder’s attention
(Bundgaard, 2015; Chassy et al., 2015; Chenier &
Winkielman, 2018; Kumar & Garg, 2010; Reber, 2012),
using electroencephalography (Kong et al., 2015; Zhang
et al., 2020; Zhang & Deng, 2012) and functional magnetic
resonance imaging (Di Dio et al., 2007; Di Dio et al., 2011)
to analyze the brain areas and relevant processes involved in

the perception of attractive and beautiful stimuli. Among the
properties associated with attractiveness, researchers found
symmetry, harmonic proportions, balance, contrast, and a
proper easiness/complexity relationship (Fink & Penton-
Voak, 2002).

A particular proportion linked to harmony and studied in
aesthetics is the golden ratio (GR; losa et al., 2018). From a
geometric point of view, it is the mathematical solution of
dividing a segment in a manner that the ratio between the
shorter part to the longer one of the segments is equal to the
ratio between the longer part and the whole segment. This
problem has only a solution in which the above ratio is the
irrational number @ = 1.6180... (Figure 1).

Since the 5th century BCE, this number occurs in the art-
works of many artists who have considered the GR as a beauti-
ful and pleasant proportion (Gamwell, 2015). Polykleitos
sculptured the Doryphoro with the ratio between the total
height and the distance of the navel from the ground equal to
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STIMULYV

PROPORTION b/a=60/40=1.5

b/a=(b+a)/b=1.618=GR

b/a=65/35=1.8

FIGURE 1 The stimuli modification procedure reported for two exemplificative stimuli: The Venus of Milo (above, originally in golden rule [GR], oGR) and
the Venus de’ Medici (below, not originally in GR, noGR). The GR refers to the ratio between b (from the ground to the navel) and a (from the navel to the top of
the head). In the case of Venus of Milo, the original version was compared to two experimental altered versions in which b/a was 1.5 (on the left) or 1.8 (on the

right). The Venus of Medici has originally a ratio b/a = 1.5, and the version in GR and R1.8 were digitally created

the GR; the same ratio was respected by Alexandros of Antioch
when he sculptured the Venus de Milo. Phidias supervised the
creation of the fagade of the Parthenon as inscribed in a golden
rectangle, namely with the ratio of basis and height of the rect-
angle equal to the GR (losa et al., 2018).

Since the 19th century, psychologists have been testing if
the GR led to a subjective experience of beauty supported by
objective evidence. However, conflicting results were found
among studies: GR seemed to be the preferred proportion if
the stimulus was a rectangle (Fechner, 1865), a triangle
(Witmer, 1893), partially if it was an ellipse (Fechner, 1865), a
sculpture (Di Dio et al., 2007; Di Dio et al., 2011), or related
to human faces (Danikas & Panagopoulos, 2004; Kwart
et al., 2012). Other researchers questioned the different meth-
odologies with which these results were obtained
(Godkewitsch, 1974; Piehl, 1976). In particular, it was
questioned whether GR often emerged as the average response
and median ranking but not as the modal, most selected, pre-
ferred ratio (Angier, 1903; Nienstedt Jr & Ross, 1951).

Till now, only reviews compared the potential preferences
for GR among different types of stimuli, but combining data
obtained in different studies, carried out with different meth-
odologies, and using different parameters to assess aesthetic
preferences (Bejan, 2009; Green, 1995; losa et al., 2018). Rus-
sell (2000) compared in the same experiment geometric stimuli
versus paintings, finding GR was preferred in the former and
not in the latter, in contrast with the fact that GR has been
found as a feature of many artistic paintings (de Campos
et al., 2015; losa et al., 2018). Some studies also suggested a
possible confounding role played by cultural level of the inter-
viewed subjects (Berlyne, 1970; Thompson, 1946).

The literature lacks studies investigating the preference for
the GR comparing different classes of stimuli and analyzing if
this preference may depend on education, artistic, or mathe-
matical experiences.

The aims of this study were hence to investigate if the
golden proportion is or not preferred, and if this eventual pref-
erence could depend on the type of the stimulus or on the
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cultural level of the observers (Experiment 1). Then, we aimed
at investigating if some parameters of gaze movements, quanti-
tatively assessed by eye tracking, could be associated with the
aesthetic judgments when the stimulus has a golden proportion
(Experiment 2).

This study was conducted according to the Declaration of
Helsinki for research on human beings. It was approved by an
independent local ethics committee of the Santa Lucia Founda-
tion (CE /PROG660). For the first experiment the participants
were recruited online, and their data were treated anonymously
according to the Legislative Decree of 30 June 2003, n. 196,
art. 13. The participants read all the information relating to
the questionnaire administered online and gave their consent
before proceeding with the compilation. For the second experi-
ment, the participants were enrolled in the Laboratory of
Developmental Dyslexia Research Laboratory located at the
Santa Lucia Foundation in Rome. The participants gave their
written consent before proceeding with the experiment.

MATERIALS AND METHODS OF
EXPERIMENT 1

Participants

A sample of 256 participants accepted to complete an online
administered questionnaire on a personal computer. All of
them were normal or corrected-to-normal vision. The average
age of subjects was 34.2 £ 10.8 years, their average schooling
was of 16.8 & 2.9 years, and 167 participants were female.

Procedure

A computerized online questionnaire was administered to par-
ticipants, according to psychosocial and clinical research meth-
odology (Regmi et al., 2016). Data were treated anonymously.
The questionnaire was based on the method of “absolute judg-
ment in psychophysics™: it consists in administering stimuli
divided in couples, asking the subject to select the most liked.
This method of choice is commonly used to identify, if it
exists, a relative order of pleasantness (Wever & Zener, 1928).
Participants were asked to complete the questionnaire in a
comfortable position in front of a PC monitor rather than a
smartphone to avoid small displays. The online questionnaire
consisted of two parts. In the first one, participants were asked
to report demographic data (age, sex), their education (highest
degree), and to self-evaluate their cultural skills (because GR
could be studied in the fields of mathematics, visual arts, and
music, the self-assessed knowledge of these disciplines were
separately assessed). The second part contained the experimen-
tal paradigm formed by 17 stimuli, each one replicated in three
different proportions, forming 51 items of coupled stimuli. In
each couple, two images were simultaneously presented on the
screen and subjects were asked to choose the image they liked
the most by clicking with the mouse on the preferred picture.

The left-right position of the three proportions on the screen
were randomly balanced among the trials.

Stimuli

The GR has been traced in the human body proportions, artis-
tic sculptures, and paintings with which a sense of beauty is
usually associated; the visual stimuli included in this study
therefore included colored images of human figures (Di Dio
et al., 2007), images of anthropomorphic sculptures (Di Dio
etal., 2011), and images of paintings (Iosa, 2018). In addition,
stimuli on which a preference for the GR has been reported in
previous studies have been included, such as geometric figures
(Berlyne, 1970) and bisected lines (Benjafield & Adams-
Webber, 1976). Then, the image of Leonardo’s Vitruvian Man
drawing was included given its notorious golden proportions.
Finally, virtual humanoid avatars were also inserted to provide
more recent replications of humanoid figures based on
virtual tools (designed using an open-source program Make
HumanTM for 3D humanoid prototypes) (Bastioni et al.,
2008). The stimuli were chosen by balancing the numbers of
those already known to be originally in GR (0GR, such as
Venus de Milo; Iosa et al., 2018) and stimuli of the same cate-
gories not originally in GR (noGR, such as Venus de” Medici,
Figure 1), while the geometric and virtual stimuli, being cre-
ated ad hoc, had no original proportion. Each figure was
divided according to a specific ideal line that was the horizontal
line passing for the navel of the anthropomorphic figures (pho-
tographs, paintings, sculptures, or virtual reproductions of
humans) or the vertical line dividing the scene in two parts for
horizontal paintings. The proportions between the vertical
dimensions of the obtained two parts for human figures and
those between the two horizontal dimensions for horizontal
paintings were altered to obtain in total three stimuli in pro-
portions of the GR, 1.5, or 1.8. The same proportions were
recreated for geometric stimuli selecting the cut point in line
section or altering the proportion of basis and height of the
rectangle. This procedure is shown graphically in Figure 1.

As in previous studies (Di Dio et al., 2007; Di Dio
et al., 2011; Fechner, 1865), each stimulus was presented in
three possible versions having the following main proportion
between two main parts of the picture (with a tolerance of
0.5%): 61.8:38.2% (ratio = 1.618, approximately equal to
GR), 65%-35% (ratio = 1.8, furtherly called R1.8) or
60:40% (ratio = 1.5, R1.5). The other two proportions were
chosen in accordance with previous studies (Haines &
Davies, 1904) and with the fact that subjects are often exposed
also to them (Benjafield & Adams-Webber, 1976). In fact,
R1.8 is close to the ratio of television and computer monitors
(16:9 = 1.78, or 1920:1080 pixels = 1.78), and it was also
one of the ratios used in previous studies (Di Dio et al., 2007;
Di Dio et al., 2011); whereas R1.5 was chosen because some
studies suggested that the actual preferred proportion is 3:2
(=1.5) and not GR (Davis, 1933), as also occurred for the
ellipses of the study of Fechner (1865).
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TABLE 1 List of stimuli

Stimulus Category Main proportion Original proportion
1. Woman Photographs of real humans Ratio between the distance of the navel to the ground and 62-38% (0GR)
2. Man that between the navel and the top of the head 62-38% (oGR)
3. Woman 58-42% (noGR)
4. Man 65-35% (0GR)
5. Venus de Milo Photographs of sculptures 62-38% (oGR)
6. Doryphoros 62-38% (oGR)
7. Venus de” Medici 60—40% (noGR)
8. David 59-41% (noGR)
9. Virtual woman Virtual avatars -

10. Virtual man -

11. Vitruvian Man Drawing 62-38% (0GR)

12. The Flagellation of Christ Paintings Ratio between right and left parts with respect to a main 62-38% (0GR)

13. The Creation of Adam

14. The Calling of St. Matthew
15. Undergrowth with two figures
16. Section of a horizontal line Geometric figures

17. Rectangle

element of the scene

62-38% (oGR)
60—40% (noGR)
64-36% (noGR)

Ratio between two parts -

Basis/height -

Note: For the artistic stimuli the authors were: (5) Alexandros, (6) Polykleitos, (7) Cleomenes, (8 and 13) Michelangelo Buonarroti, (11) Leonardo da Vinci, (12) Piero della Francesca,

(14) Caravaggio, and (15) van Gogh.

The 17 stimuli are reported in Table 1. Anthropomorphic
figures (humans, humanoids, sculptures, and Vitruvian Man)
were shown as entire standing figures, and the main proportion
considered was the ratio between the total height and the dis-
tance of the navel from the ground, according to previous stud-
ies (as shown in Figure 1; Davis & Altevogt, 1979; Di Dio
et al., 2007). For paintings, the main proportion was that
related to GR (de Campos et al., 2015) or another clear hori-
zontal division between two main parts of the painting. The
three couples of comparisons (GR vs. R1.8, GR vs. R1.5, R1.8
vs. R1.5) multiplied for the 17 stimuli resulting in the 51 items
of the questionnaire.

Statistical analysis

All analyses were performed using IBM SPSS Statistics Version
23.0. The sample size for Experiment 1 was determined by
computing estimated statistical power, based on the results of a
previous study (Di Dio et al., 2007). Fixing the alpha level at
.05 and power of the test at .80, we were required to enroll at
least 255 subjects.

The percentage preference for GR, R1.5, and R1.8 propor-
tions were computed for each stimulus and averaged for each
stimulus category. Comparisons were performed using the chi-
squared test. Because each proportion was compared to another
two, the possibility of finding a statistically significant results
was divided by 2 applying Bonferroni correction. So, the alpha
level of statistical significance was set at .025. Odds ratio (OR)
and 95% confidence interval (95% CI) were also computed.
The correlations of the aesthetic preference with demographic

variables and cultural skills were tested using Spearman’s rank
correlation coefficient.

RESULTS OF EXPERIMENT 1

Table 2 shows the percentages of participants’ choices for the
three presented comparisons. As shown in the last columns of
Table 2, GR preferences overcame the 50% in five out of six
categories and in 14 out of 17 stimuli. Among these, the signif-
icant preferences found in favor of GR were related to photo-
graphs of humans (54%, p = .005), sculptures (53%,
p = .029), paintings (55%, p = .004), and Vitruvian Man
(58%, p = .015). Preference was only close to significance for
virtual humanoids (54%, p = .057). For geometric shapes, GR
was chosen in 48% of trials, a percentage not significantly dif-
ferent from those of other proportions (p = .353). The sum of
all responses highlighted a mean significant preference for GR
(53%, p < .001).

Many statistically significant differences were found regard-
ing the comparison between GR and R1.8 proportion (12 out
of 17 stimuli). Indeed, 10 comparisons were in favor of GR
(57.5% vs. 42.5%, p = .018), while only two were in favor of
the R1.8 proportion (the painting of a woman and the painting
of van Gogh, both noGR).

When compared with the R1.5 proportion, the preference
for GR was reduced: it was significantly in favor of GR for three
stimuli (the picture of a woman, Della Francesca’s painting, both
oGR stimuli, and for Caravaggio’s painting, an noGR stimulus),
and in favor of R1.5 proportion for five stimuli. The overall pref-
erence was in line with chance: 50% for GR and 50% for R1.5
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TABLE 2 Percentages of choices and p-values related to chi-square among the three comparisons between the ratios (p-values are in bold are lower than alpha-

level reduced for Bonferroni’s correction; special character @ was added to significant results in favor of GR ratio)

GR vs. R1.8 GRvs. R1.5 R1.5 vs. R1.8 Mean % for GR

Stimulus % ? % ? % ? Stimulus Category

1. 0GR woman 62.5% <.001% 64.5% <.001® 38.3% <.001 63.5% 54.4%

2. 0GR man 62.9% <.001% 52.0% 532 53.5% 261 57.5%

3. noGR woman 40.6% .003 39.1% <.001 52.0% 532 39.9%

4. no GR man 60.5% .001® 53.1% 317 55.1% .104 56.8%

5. 0GR Venus 64.5% <.001® 49.6% .901 57.0% 024 57.1% 53.4%

6. oGR Doryphoros 52.3% 453 53.9% 211 58.6% .006 53.1%

7. noGR Venus 47.8% 532 55.5% .08 66.4% <.001 51.7%

8. noGR David 67.2% <.001® 36.7% <.001 60.2% .001 52.0%

9. Neutral virtual woman 63.3% <.001® 45.3% 134 65.0% <.001 54.3% 54.2%
10. Neutral virtual man 76.6% <.001® 31.6% <.001 71.5% <.001 54.1%
11. oGR Vitruvian Man 73.0% <.001® 42.2% 012 71.5% <.001 57.6% 57.6%
12. 0GR Della Francesca 59.8% .002% 57.0% .024% 58.2% .009 58.4% 54.6%
13. 0GR Michelangelo 49.2% .803 52.7% 382 41.4% .006 51.0%
14. 0GR Caravaggio 60.2% 001" 58.6% 006® 52.7% 382 59.4%
15. noGR van Gogh 43.0% 024 55.9% .061 45.7% .169 49.5%
16. Neutral line section 47.3% 382 42.6% .018 48.0% 532 45.0% 48.0%
17. Neutral rectangle 47.3% .382 54.7% 134 40.2% .002 51.0%

Note: In the last two columns the values of the mean golden rule (GR) were reported for each stimulus and each category of stimuli.

Odds Ratio of GR choices

Humans I — ]

Sculptures ———e————

Paintings I S |
Virtual Humanoids + . ~
Geometrical _
Shapes
Total i
0.5 i | 1.5

FIGURE 2 Forest plot of odds ratios (OR) and relevant 95% confidence
intervals estimated for stimulus originally in golden rule (GR) with respect to
chance (OR = 1 corresponds to no association between object’s proportion
and subject’s choice) for the categories of the stimuli

proportion. The comparison R1.5 versus R1.8 showed a not
significant preference for R1.5 (p = .134).

Figure 2 shows the comparisons of preferences for GR with
respect to the other two proportions, finding statistically signifi-
cant differences for photographs of humans (OR = 1.19, 95%
Cl = 1.05-1.35, p = .005), sculptures (OR = 1.15, 95% CI
= 1.01-1.30, p = .029), and paintdngs (OR = 1.20,
95% CI= 1.06-1.36, p = .004), but for neither virtual

humanoids (OR = 1.18, 95% CI = 0.99-1.41, p = .057) nor
geometric shapes (OR = 0.92, 95% CI = 0.77-1.10, p = .353).

The total preference for GR was found related neither with
age nor with any cultural skills (age: p = .574, schooling time:
p = .860, self-assessed art knowledge: p = .173, math knowl-
edge: p = .059, music knowledge: p = .209). Dividing the
results for the categories of stimuli, the preference for GR was
found significantly correlated with self-assessed artistic
(p = .035) and mathematical (p = .023) knowledge for human
photographs, whereas GR preference for sculptures was found
significantly correlated with artistic (p = .015) and musical

(p = .020) knowledge.

MATERIALS AND METHODS OF
EXPERIMENT 2

Participants

Fifteen healthy subjects (nine female) with an average age of
28.7 & 6 years and average schooling of 18.9 & 2.2 years, with
normal or corrected-to-normal vision, and naive to the purpose of
the experiments were enrolled. The sample size was chosen in
accordance with the data of a previous study (Di Dio et al., 2007).

Stimuli and procedure

The same set of 51 stimuli of Experiment 1 was used, but pres-
ented one by one during individual eye movement recording
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FIGURE 3  Graphical representation of how fixations were distributed among the vertical anthropomorphic stimuli. In the first panel (A) the Venus of Milo,

as example, in its original golden rule (GR) proportion with a red line marking where the alteration of ratio was done. Colored points represent groups of fixations
spatially closed. In the other panels we reported the percentage of dwell time spent in each area of interest (AOI) normalized on the total dwell time for all the

stimuli belonging to human figures (B), anthropomorphic sculptures (C) and virtual humanoids (D) category, comparing the three experimental proportions: GR

(red), R1.5 (green), and R1.8 (yellow)

sessions in which the subject sat in front of a monitor at a
viewing distance of 57 cm. The rectangular stimuli subtended
a viewing angle of approximately 8.0 x 10.0 and 4.0 x 8.0
degrees (width by height), according to a previous study
(McManus et al., 2010).

The modification of ratio was made without altering the
visual angle for each stimulus; this allowed comparison of the
same stimulus in the three experimental ratios maintaining the
same visual angle.

The participants were asked to watch each stimulus and
to express a verbal judgment using a 10-point Likert scale
(from 1 = strongly dislike to 10 = strongly like). Before the
experiment started, each subject was instructed about the
task, placed in front of the screen using a head support, and
trained to carry out the experiment through a pilot including
a nine-point calibration procedure and a set of 10 stimuli
that were different but homologous to the stimuli of the
main experiment.

Setting and apparatus

The experiment was carried out on a desktop computer. Stimuli
had a 300 dpi resolution and were presented at 85 Hz on a
17-inch CRT monitor, with a screen resolution of 1024 x 768
pixels. Eye movements were recorded in binocular vision from
the dominant eye via an EyeLink 1000 eye-tracker (SR Research),
sampling at 1000 Hz. Appearance of the stimulus on the screen
was triggered by fixation of a cross outside the stimulus area. Sub-
jects’ vocal responses scoring the aesthetic judgments were digitally
recorded by a Shure microphone, a pre-amplifier, an E-MU
sound card, and an ASIO driver, which was interfaced to the eye
tracker by Eye Link software.

Data processing

Eye movement data were processed via EyeLink Data Viewer
software (SR Research). Eye blinks were automatically signaled
by the software and manually discarded during the offline
visual inspection carried out by the experimenter over each sin-
gle trial. Fixation positions were measured and referred to areas
of interest (AOI) for each stimulus trial according to 10 hori-
zontal (for portrait stimuli, as in Figure 3) or vertical (for land-
scape stimuli, as in Figure 4) AOI of equal size. In particular,
for each trial, the specific AOI in which the modification of
ratio occurred was designated as AOIm. The dwell time per
AQI (AOI dwell time) and the dwell time per trial (i.e., the
total stimulus dwell time, TOT dwell time) were computed,
along with the percentage ratio of time spent fixating the AOI
over the time spent fixating the whole stimulus (% AOI/TOT
dwell time).

Statistical analysis

The statistical analyses were performed using IBM SPSS v.23
statistical software. Data results were not normally distributed
(Shapiro—Wilk test), and hence non-parametric statistics were
used. Friedman’s analysis was used to detect differences among
the three conditions (GR, R1.5, and R1.8), and Wilcoxon test
for paired sample was used for post hoc analysis between con-
ditions. Spearman’s rank correlation coefficient was computed
to verify possible comparisons among these parameters and the
given aesthetic judgment. The alpha level of significance was
set at .05, but Bonferroni’s correction was applied for post hoc
multiple comparisons, reducing the alpha level at .025 for post
hoc tests and at .017 for correlations.
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RESULTS OF EXPERIMENT 2

The aesthetic judgments given in Experiment 2 were analogous
to those found for Experiment 1. The judgments assigned to
the GR stimulus resulted slightly but significantly higher in
GR (6.71 £ 1.36) than in R1.5 (6.45 & 1.45, p = .0406),
whereas those of R1.8 showed higher variability (6.34 + 1.61,
p = .056). In general, the score assigned to GR was higher
than the mean score assigned to the other two proportions
(p = .003), in particular for human figures (6.87 £ 1.62
vs. 6.54 &+ 1.55, p = .015). Figure 3 shows an example of fixa-
tion distribution on a vertical stimulus in terms of average per-
centages of AOI dwell time for GR, R1.5, and R1.8.

As shown in Figure 3, the face (AOI2) was the most
observed, with another peak around the navel. This double-peak
pattern was evident for human photographs, sculptures, and vir-
tual humanoids. For the photographs of humans and sculptures,
when the stimulus was altered, the gaze moved accordingly: if the
height of the navel was lowered, as in R1.5, the eyes moved
downward and time spent in the lower AOI4 increased; when the
height of the navel was lifted up, as in R1.8, the eyes moved
upward, and time spent in AOI3 increased. This pattern was not
observed for virtual humanoids, for which the face was observed
for more than half of the total dwell time.

(A) Example of left-modified painting

©

Dwell Time %
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Friedman’s test highlighted significant differences among
GR, R1.5, and R1.8 regarding dwell time spent to explore the
AOIm (chi-squared = 6.845, p = .033) and regarding the per-
centage AOIm dwell time/TOT dwell time (chi-squared = 6.345,
p = .042), but not in the TOT dwell time (chi-squared = 0.808,
2 = .668). Post hoc analyses with Wilcoxon test showed a statisti-
cal difference for AOIm dwell time only regarding the comparison
between R1.8 and R1.5 (p = .009). Furthermore, the percentage
of AOIm compared to the total was different between GR and
R1.5 (p = .009) as well as between R1.5 and R1.8 (p = .008).

Table 3 reports the correlations among the eye movement
parameters and the reported esthetic judgments, resulting in
significant correlation to AOIm time and AOIm/TOT dwell
time percentages only for GR stimuli.

Table 3 reports the correlations among the eye movement
parameters and the reported aesthetic judgments. The aesthetic
judgment significantly correlated to AOIm time and AOIm/
TOT dwell time percentage only for GR stimuli.

Finally, the %AOI/TOT dwell time grouped according to the
category of the stimulus showed statistically significant differences
(p < .005) only for painting stimuli among the three proportions.

Figure 4 shows these results, with a trend similar to those
of Figure 3, but along the horizontal axis. Again, the pattern
followed the modification of the ratio between the two parts of

(B) Example of right-modified painting

(D)
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FIGURE 4 Example of horizontal stimuli in which ratio alteration (performed in correspondence of red vertical lines) occurred in the left (panel A) or right

(panel B) side. Panels (C) and (D) show the distribution of dwell times for the paintings on the left in each interest area (defined by the yellow vertical lines in

panels A and B), comparing the three experimental proportions: GR (red), R1.5 (green), and R1.8 (yellow)
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TABLE 3 Spearman’s rank correlation coefficient (R) and relevant p-values (in bold if statistically significant) computed between aesthetic judgment and

temporal parameters of eye movements (Experiment 2)

R1.5 GR R1.8
Eye movement parameters AOIm TOT AOIm/TOT (%) AOIm TOT AOIm/TOT (%) AOIm TOT AOIm/TOT (%)
Judgment Correlation R -—.108 —.018 —.076 =175  —-112  -175 —.059 —.069 —.049
? .085 774 225 .005 .074 <.001 .350 275 436

Note: AOIm dwell time stands for the average value of fixation time spent in exploring the area of interest in which the stimulus ratio has been modified; TOT dwell time refers to the
total fixation time spent exploring the stimulus; AOIm/TOT (%) is the ratio between the average fixation time spent exploring the AOIm with respect to the total dwell time expressed in

percen(age.

the figure. In the left-modified stimuli (as the Creation of
Adam), significant differences were found for AOI3 (chi-
squared = 13.273, p = .001) with higher percentage dwell
time for R1.8, as well as AOI5 for R1.5 (chi-squared = 12.991,
2 =.002). In The Flagellation of Christ, the AOIm was on the
right: the AOI7 received more fixation time when the division
was put in its middle as in R1.8, than in R1.5, for which the
division moved in AOI6.

DISCUSSION

The main purpose of this study was to establish whether the
presence of the GR may favor the perception of beauty in aes-
thetic judgments and which factors might influence it, clarify-
ing the main controversies found in previous studies
(Benjafield & Adams-Webber, 1976; Berlyne, 1970;
Boselie, 1984; Davis & Jahnke, 1991; Di Dio et al., 2007;
Fechner, 1865; Green, 1995; Witmer, 1893; Zeising, 1855).

First of all, we found a slight but significant preference for
GR, but its entity depended on the category of the stimulus.
This preference was statistically significant for human photo-
graphs, in both the experiments, and for sculptures and paint-
ings in Experiment 1 (being only close to a significant
threshold for virtual humanoid figures).

Conversely, we did not find a significant preference for GR
in geometric stimuli. These findings are in line with some pre-
vious results (Di Dio et al., 2007; Di Dio et al., 2011) but in
contrast with other studies finding a preference for GR also for
geometric figures (Fechner, 1865; Russell, 2000). There are
many possible explanations for the high variability among stud-
ies related to the possible preference for golden rectangles. First
of all, it could be related to different methodologies related to
how central tendency was computed: by means of mean,
median, or modal values, with the GR that could emerge as
mean value even if it was not the most frequent choice, as also
previously suggested (Green, 1995). Indeed, in contrast to pre-
vious research on lines and geometric shapes’ aesthetic prefer-
ence, recent studies used more ecological experimental
paradigms including natural and anthropomorphic figures,
highlighting that geometric simple stimuli could be poorly
attractive for our culture (Di Dio et al., 2007; Di Dio
et al.,, 2011). Furthermore, with respect to the study of Fech-
ner (1865) and successive ones, subjects are now more often
exposed to rectangular shapes different from GR, such as those
of television screens, monitors, or smartphones having

proportions closer to 1.8 (16:9 = 1.78, or 1980:1020
pixels = 1.78), or also paper sheets closer to 1.5 (A4: 1.41).

The GR is often present in many natural stimuli (Iosa
et al., 2018). Indeed, subjects might prefer stimuli recognized
as original, as in our study occurred for human photographs,
with GR preferred for stimuli originally in GR (0GR
vs. noGR), despite participants not knowing which was the
original stimuli.

The golden section was conceivably identified by anatomical
Greek investigations in the 5th century BCE (as in the canon of
Protagoras) with the idea to reproduce the harmony of the
human body in the anthropomorphic sculptures and then in
other artworks (Haines & Davies, 1904; losa et al., 2018). It
should be considered that anthropomorphic stimuli have their
own symmetry given by the rightleft relationship along the hor-
izontal axis, whereas the golden section defines the vertical har-
mony of a standing human being. Hence, the GR preference
could occur more frequently on the vertical than horizontal axis.
Despite our studies not investigating this aspect, it should be
noted that the rectangles of Fechner (1890) had the longer seg-
ment along the vertical axis, whereas in our and other studies
(McManus, 1980; Russell, 2000) the longer dimension of rect-
angles and that of the bisected line was the horizontal one.

Despite this, Renaissance artists provided a horizontal divi-
sion of their paintings according to the golden section, such as
in The Flagellation of Christ and The Creation of Adam
(de Campos et al., 2015), with these stimuli that can be men-
tally divided into two parts and visually explored horizontally.
A slight preference for GR was found in our paintings
(54.6%), quite independent if the original stimuli was or not
in golden proportion. Wolfflin (1994) questioned the prefer-
ence for GR when observing an abstract rectangle because it
should be related to a mental comparison of the lengths of
basis, height, and their sum, again claiming that GR may “pre-
sent an average measure conforming to man”.

This hypothesis put in relationship the GR with “objective
beauty”, because it was related to a harmonic property intrinsic
to the stimuli, but there is also an alternative hypothesis,
reported in the so-called constructal theory, referring to “per-
ceptual beauty” suggesting that the preference for GR was
related to the hypothesis that visual system scans the world
approximatively in golden proportion (Bejan, 2009). Di Dio
et al. (2007) identified also the “subjective beauty” driven by
one’s own emotional experiences and related to the activation
of the amygdala, whereas the objective beauty related to the
intrinsic properties of the stimulus is based on a joint activation
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of sets of cortical neurons of lateral occipital cortex, parietal
cortex, and anterior insula. All these processes could be not
mutually exclusive and cohabit, forming our sense of beauty.

This integrated approach works even better considering GR
as an affordance, and hence a property intrinsic to the stimulus
that is recognized by our visual system and favoring the visual pro-
cess. In fact, Gibson proposed the theory of affordances,
suggesting that subjects noted the features of a stimulus that may
constitute functional relations between the stimulus and the per-
ceiver (Gibson, 2014; Lobo et al., 2018). The abstraction of geo-
metric figures and even of virtual humanoids might hence have
mitigated this preference, in accordance with the ecological
approach suggested by Gibson for the visual system
(Gibson, 2014). The cultural level of subjects did not seem to
influence the general preference for GR. This result could be read
in conjunction with previous findings that the aesthetic judgment
of beauty was mainly independent by sociocultural factors, intelli-
gence, personality, and age (Eysenck & Tunstall, 1968). How-
ever, in our study, culture was assessed in terms of scholarly level,
but different cultures were not analyzed, and further studies could
investigate the preferences for GR comparing subjects of Western
versus Eastern Countries.

When we analyzed single categories of stimuli, the prefer-
ence for GR in human photographs and sculptures was related
to art knowledge. These two types of stimuli have in common
the same criterion for GR: the ratio between the distance of
the navel from the ground and that between the navel and the
top of the head. Virtual humanoids had the same proportion,
but the judgments about them seemed to be not affected by
cultural level. Probably, this judgment mainly depended on the
realism of their faces, as shown by the long time spent by
observers looking at the virtual faces in Experiment 2. Further-
more, being human bodies on average in GR, humans might
have reflected this proportion in the concept of beauty, and it
led to the adoption of this parameter also in some classical
artistic masterpieces, starting from anthropomorphic sculptures
(Hernandez-Castro, 2007).

Human beings may associate, more or less consciously, the
concept of beauty to their own body proportions
(Burrell, 1932), as is the case with the preference of symmetric
figures that could be related to the symmetry of the human
body (Evans et al., 2012; Huang et al., 2018; Miihlenbeck
et al., 2016). As well as symmetry being considered as an
affordance in accordance with the ecological approach
suggested by Gibson for vision (2014), the GR that can be
considered as a symmetry of higher order (Liu &
Sumpter, 2018) could also be another visual natural
affordance, preferred by humans and put in artworks by artists.

In our study, the proposed paintings have the longest
dimension horizontal; indeed, the golden ideal division was
along the horizontal axis. A slight preference (54.6%) was
found for GR, quite independently if the stimulus was or not
originally in GR. With respect to the geometric figures, partici-
pants could perceive the harmony of a scene ideally divided in
two parts according to the GR, even if this scene is represented
with the horizontal length longer than the vertical. Considering
that for symmetry there is a perceptual sensitivity to the

orientation of the stimulus (1905; Fisher & Bornstein, 1982;
Mach, 1883), and that there are no studies that directly investi-
gated the relationship between GR and the orientation of the
stimulus, future studies should investigate whether there is a
dependence on the orientation with which it is presented the
stimuli and the possible preference for GR.

Despite our study lacking this direct comparison, the
bimodal distribution of dwell time found in Experiment 2 for
human figures for which the golden section regards the vertical
axis, are similarly replicated for the paintings in which it
regards the horizontal axis. In general, the results of Experi-
ment 2 were found in accordance with those of Experiment
1 and seem to confirm the hypothesis of GR as an affordance.
In Experiment 2, we found no significant differences between
the three proportions related to the total exploration time, but
also some significant differences with respect to specific areas
of interest. Further, analyzing the dwell times, significant dif-
ferences among GR, R1.5, and R1.8 were found regarding the
exploration of the AOIm, that is, the specific AOI where the
image modification was performed. A significant negative cor-
relation was found between the AOIm dwell time and the aes-
thetic judgment only for GR stimuli. This could indicate that
the subject does not need to observe that area for too long to
judge it as beautiful if it is in golden proportion.

Despite previous studies showing that the aesthetic apprecia-
tion of beauty is not based on an “immediate” response and may
even require more time to discriminate the main characteristics of
the stimuli (Bar et al., 2006; Evans et al, 2012; Huang
et al., 2018; Liu & Sumpter, 2018; Miihlenbeck et al., 2016),
the presence of GR may have reduced this time because it was
quickly recognized and preferred by the observers. So, hypothesiz-
ing GR as an affordance, it may be implicitly recognized, facilitat-
ing the processing of visual information relating to a stimulus,
making aesthetic experience more fluent, in accordance with the
“processing fluency theory” for which that fluency could contrib-
ute to the pleasantness of the experience associated with the per-
ception of beauty (Witmer, 1893).

It is noteworthy that the GR divides the human stature in a
region roughly close to the body center of mass and could even
play an important role in human motor behavior (losa
et al., 2018). It should be noted that the exposition to GR does
not regard only the visual system: GR was recently found as a har-
monic feature of voluntary and involuntary rhythmic human
movements, such as cardiac (Yetkin et al., 2013), respiratory
(Iared et al., 2016), and walking rhythms (Iosa et al., 2013; losa
etal., 2016; losa et al., 2019; Serrao et al., 2017). In fact, walking
performed with GR between gait phases allows humans to harmo-
nize locomotor acts (Iosa et al., 2016; Iosa et al., 2019), thus
reducing energy expenditure (Serrao et al., 2017). Furthermore, it
has been demonstrated that perception of internal gait rthythm
may be modulated (De Bartolo, Belluscio, et al., 2020a) and that
the harmonic structure of music can ameliorate harmony of walk-
ing in patients with Parkinson’s disease (De Bartolo, Morone,
et al., 2020b), especially if acoustic stimulation presents GR har-
mony (Belluscio et al., 2021), confirming the possibility to con-
sider GR as an affordance to exploit by the observer/
listener/acting subject.

85UB91 SUOWILLOD 9A 81D (gl |dde auy Ag peusenob ae Sajoile O 9SN Jo S3|nJ o) AkeiqiauluQ A8|1/ UO (SUONIPUOD-PpUe-SLLBIW0Y" AS | 1M Ale.q 1 Bul|UO//:SdxY) SUOIPUOD pUe SWwis | 8Y) 89S *[G202/S0/0T] Uo ARelqiqauliuo A8|IM ‘S0S' [4od/Z00T 0T/I0p/i0d Ao 1M Aelg U1 |UO//:SdNY WO} papeojumod ‘S ‘2202 ‘09209702



738 PsyCh

ROLE OF GOLDEN RATIO IN ESTHETIC JUDGMENT

Journal

However, we must bracket this proposal with some caveats.
The main limitation of Experiment 1 was the online adminis-
tration of the questionnaire that did not allow for controlling
some variables such as the eyes’ positions with respect to the
screen, the response time of the subjects, or their attention
level. For example, the questionnaire was formed by 51 items,
and it might have led to a progressive physiological decline in
the participants’ attention due to fatigue.

However, the online administration allowed for enrolling a
wide sample of subjects (V= 256) that could have attenuated
the above-mentioned limits. Experiment 2 was performed in
more controlled conditions, and its results confirmed those
obtained in Experiment 1. Subjects were required to judge the
most liked stimulus, without any investigations related to
the judgment of naturalness, so caution is needed in discussing
the role of naturalness of stimuli and its relationship to the
preference for stimuli originally or not in GR.

Finally, in our study we did not manipulate canonical
orientation of stimuli, so we included only vertical stimuli
for anthropomorphic figures and horizontal for images
of artworks. Further studies should investigate the
possible differences in the GR preferences for vertical versus
horizontal stimuli, and these results could contribute to
understand the relationship between GR and visual scan
process.

CONCLUSIONS

The results of this study showed a general preference for GR,
although not for all types of stimuli; the second one showed
that eye fixations were concentrated in the areas related to GR
and, when stimuli are in that proportion, a higher aesthetic
judgment was correlated with a lower dwell time. The GR has
some features analogous to symmetry: both are geometric char-
acteristics widely present in nature (losa et al., 2018), including
physiological rhythms (Belluscio et al, 2021; Iared
et al., 2016; Iosa et al, 2013; losa et al., 2016; Iosa
et al., 2019; Serrao et al., 2017; Yetkin et al., 2013), both may
facilitate the visual processing, hence both could be considered
as ecological affordances (Bar et al., 2006; Belluscio
et al., 2021; Burrell, 1932; Evans et al., 2012; Gibson, 2014;
Huang et al., 2018; Iared et al., 2016; Iosa et al., 2013; losa
et al., 2016; Iosa et al.,, 2019; Liu & Sumpter, 2018; Lobo
et al., 2018; Serrao et al., 2017; Yetkin et al., 2013), and may
be related to the perception of beauty, as artists have well
known since ancient time.
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