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1. INTRODUCTION

The term aesthetics was coined by Baumgarten inllXdéntury and originates from the Greek
word aisthese-aisthanomaineaning to perceive-feel-sense. In his workdifestheticthe domain
of aesthetics is described as the sphere of sétysilti relates to the knowledge of the world for

how we can perceive it and ourselves as part of it.

In philosophy, the construct of aesthetics can éscidbed according to two main positions. The
Platonic position regards aesthetics as an obgaonstruct, where beauty is strictly connected
with the numerical-musical harmony that rules natérccording to Plato, beauty is to be searched
into the objective qualities of objects, in meableaelations (i.e., proportions). The Kantian view
on the other hand, regards aesthetics and beastybgsctive, in that beauty is not a property @f th
objectitself, but is has to be searched in fubject the perceiver. Far to be relativistic, this view
considers aesthetic judgment universal as well:Kant's approach the “subject” is not the
individuus and “subjective” is not a synonymous of arbitraryrelative. The subject’s aesthetic
judgment is universal if we interpret the word “gdi” as the collection of the common human

faculties of judging something as beautiful.

Although these two theoretical positions are dieatgn their basic reflections about the nature of
aesthetics, they both recognize crucial conceptsthatics is related to the beauty of things,
embedded in nature and represented in art and riamily, they both admit its universality. It is on

the basis of these fundamental assumptions treieeimakes an attempt to clarify the nature of the

human ability to value the beauty of things.

In the last decades, cognitive neuroscience handad its field of investigation to the domain of

aesthetics, focusing in particular on music andalisrts. The present thesis deals exclusively with



the neuroscientific investigation of aesthetic eigrece in visual arts. The term currently employed

to define this approach reuroesthetics

1.1 Art and the visual brain

The term neuroesthetics was coined by Semir Zdkirnmeg to the study of the neural bases of
beauty perception in art. Zeki's approach to adasely related to the definition he provides tfoe
functioning of the visual brain, namely a search ttee constancies (unchanging properties) of
objects, situations and so forth, with the aim bfaining true knowledge about the world (Zeki,
1999). In this process, the brain (as the artisBds to discard inessential information from the
visual world in order to represent the real chamactf an object in an enduring manner. For
instance, when defining colour constancy, the breeeds to discard information regarding the
exact composition of the wavelength reflected byeais’ surfaces; with dimension, inessential
information is the precise visual distance; whereath form, it would be the exact viewing angle.
It is in this selection process that the brain Beato retain and categorize never-changing
information about a world that, on the other haisdn continuous transformation. It is for their
ability to capture the essential elements of theldviihat artists can be defined, according to Zeki,

as “natural scientists” able to elicit an aestheggponse in the creative brain of the observer.

Another construal of aesthetic experience is thatthe neurologist V.S. Ramachandran.
Ramachandran’s approach to neuroesthetics is amatevith the unfolding of “universal rules”

that govern beauty perception in art. The desonptf these “universals” relates to the way in
which visual perceptual rules can account for adcessing in the observer. In particular,
Ramachandran’s theory rests on the interaction detvcognition and physical pleasure, which is
claimed to be rooted in the human biological makeéngian representations of the women’s body,

for example, often reflect attention to primordéééments that recall the idea of procreation, sach



pronounced hips and breasts. This concept is atedufor by the “universal” of emphasis

(Ramachandran and Hirstein, 1999).

As with Zeki’s approach, Ramachandran’s descriptibtihe artistic experience ultimately results in
the pleasure gathered from the unfolding of percdptlements that capture conceptual cores. For
example, grouping, a perceptual process that alltves brain to extract a figure from the
background, may be an enjoyable process. Accortbnthis perspective, perceptual grouping
comes about as reinforcement to early vision atyestage of visual processing. The resolution of
visual ambiguity would then result in a pleasamh@a’aexperience accompanying the perceptual
experience we make of the world. Artists’ skill idihen hinge upon their ability to evoke these
biological perceptual processes in the observe whurged upon a creative and pleasurable

reconstruction of the observed artistic object.

The study of the brain as it responds to art ingpliee existence of neural mechanisms entailed in
art appreciation that are common to all individudlse elements that are able to elicit these neural
processes, i.e. the “access keys”, though, mayabeus and variable. In fact, they are under the
influence of cultural and experiential constraitiitat define fluctuating trends over time and across
individuals, even within the same cultural framehé&i we visit a museum or an art gallery, we do
not simply perceive images, but we contemplate abjerhose presence in that specific physical
space is justified and determined by their stattisarbworks. Our fruition of art is certainly
cognitively mediated, because the peculiar qualitpur aesthetic experience is influenced by our
personal culture, by the environment in which weeneducated, by the aesthetic canons informing
our time, by our level of expertise and familiantjth the artworks we contemplate. Both Zeki and
Ramachandran’s approaches to neuroesthetics rebadweariability problem with the ability of the
visual brain to process essential information fribv@ world that remains immutable and that can

most naturally find a biological access to the obmses’ creative mind. Yet, the complexity of the
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relation that builds between an artwork and theepls compels us to reason beyond the mere,

though vital, perceptual ability of the brain tqpouae essential elements from the environment.

The complexity associated with the studying of nleeiral bases underpinning aesthetic experience
in the beholder is strongly reflected by the grbeaterogeneity across results from the related
neuroscientific investigations. Resting with theadhat the aesthetic experience of a visual aktwor
begins with a visual analysis of the stimulus, vent need to recognize that it necessarily
undergoes further levels of processing. Thus, assipility for the heterogeneity observed across
the results of the studies dealing with neuroerthes that they may reflect the output of differen
aesthetic processing levels (see Reber et al. 208der et al. 2004). Among these processing
levels, some have been proposed, which includaaspaiding (e.g., Cela Conde et al. 2009;
Cupchik et al. 2009), motor mapping (Jacobsen ,e2@06; Freedberg and Gallese 2007), reward
processes (Kawabata and Zeki 2004; Vartanian arel B204; Lacey et al. 2011) and hedonic
processes (Jacobsen et al. 2006; Di Dio et al.,200%1; Cupchik et al. 2009; for a review, see Di

Dio and Gallese 2009).

Taken together, the results of these studies ctesirae at least two main mechanisms underpinning
the building up of an aesthetic experience. Omm@igerned with the motor encoding of the stimuli,
supporting the embodied theory of aesthetic peimeptand the other is concerned with the
emotional dimension of the aesthetic experiencethm following sections | briefly describe

evidence suggesting the brain mechanisms undengreach of these processing levels.

1.2 Aesthetics and visuo-motor processing

A few studies have recently shown that aesthetpee&nce involves a spatial coding and motor
mapping of the stimuli. Functionally, these proessare typically characterized by activation of

parietal and premotor areas.



A recent study by Cela-Conde and colleagues (200&stigated gender-related similarities and
differences in the neural correlates of beauty gisirset of images of either artistic paintings or
natural objects, divided into 5 groups: abstratt @dassic art; Impressionist art; Postimpressionis
art; photographs of landscapes, artefacts, urbamesc and true-life depictions. Through
magnetoencephalography (MEG), it was shown enhaactdation for “judged-beautiful” versus
“jludged-ugly” stimuli in several parietal foci, hierally for women and mainly in the right

hemisphere for men, with a latency of just 300 ftex astimulus offset.

Activation of parietal areas during aesthetic eigrere was also shown in a recent fMRI study of
Cupchik et al. (2009), in which participants vieweadious categories of representational paintings
(portraits, nudes, still-life and landscapes) tvate classified as “hard-hedge” (containing well-
defined forms) and as "soft-edge” (containing #fided forms). The underling rationale for this
classification was based on the hypothesis thdt-sitge” paintings, by virtue of their structure,
should facilitate aesthetic experience by stimotatactive image construction. Both “hard” and
“soft’-edge paintings were presented in two condi$i: one that required the participants to observe
the images in an objective and detached manneatioey information about the content of the
stimulus (pragmatic condition), and one that regpiithe participants to observe the paintings in a
subjective and engaged manner, appreciating thendeeevoked by the stimuli (aesthetic
condition). Enhanced activation of the left supeparietal lobe was observed for the “soft-edge”

paintings, particularly during the “aesthetic” carah.

Activation of parietal regions for aesthetic stimial these studies brings support to the idea that
aesthetic experience is characterized by visuaapabding as well as, importantly, by motor
mapping. In fact, there is now consistent evidenoming from physiological and anatomical

studies on macaque monkeys that the posteriortpbc@rtex, including the intraparietal regions, is



part of the motor system, playing a fundamentad iolvisuo-motor transformations (for a review,
see Fogassi and Luppino, 2005). In humans, as inkeys, the posterior parietal cortex is involved
in the organization and recognition of actionshds been shown that posterior parietal areas map
different motor acts (such as grasping) on thesbakithe goal of the action (such as eating) of
which they are a component (Fogassi et al., 200Bijs functional organization, shared by the
posterior parietal and ventral premotor areas)ylikederpins high order cognitive functions, such
as understanding others’ basic motor intentiongs€&Hunctions have been observed in the inferior
parietal lobule (IPL) where visual information aéntral and dorsal stream is integrated with motor

information, to build a pragmatic description o¢ thbserved object.

Involvement of parietal and premotor areas in agthexperience was further observed in the
fMRI study of Jacobsen et al. (Jacobsen et al.6R0fere, participants were required to make an
aesthetic appraisal of abstract geometrical shaplesse symmetry and level of complexity had
been manipulated. Behaviourally, symmetry was sheoavrstrongly affect aesthetic judgment,
followed by stimulus complexity. The imaging resulindicated that, in the comparison of
symmetry judgment and aesthetic judgment tasksugeltse control condition (observation of an
arrow), activations were enhanced in areas submgrvisuo-motor processes, including the
intraparietal sulcus and the ventral premotor egrte both conditions (see also Study 1 and 2

below).

1.2.1 Aesthetics and Embodiment

Evidence supporting the involvement of motor preges during the aesthetic experience brings
also support to the embodied theory of aestheiwdsch is grounded on the sensori-motor
component of perception. The biological mechanigranuwhich embodied theories of aesthetic
experience rests is the mirror neurons mechanisnmmroMneurons are motor neurons originally

discovered in the ventral premotor cortex of maeamonkeys (area F5) that discharge when the
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monkey executes goal-related hand motor actsgli&aeping objects, and also when observing other
individuals (monkeys or humans) executing similetsaNeurons with similar properties were later
discovered in a sector of the posterior parietatesoreciprocally connected with area F5. Mirror
neurons provide the neurophysiological basis famates to recognize different actions made by
other individuals: the same neural motor patteraratterizing a given motor act when actively

executed is also evoked in the observer when waingshe motor behaviour of others.

This matching mechanism has also been shown in ihsinEampirical evidence further suggests that
the same neural structures that are involved irstitgective experience of emotions and sensations
are also active when we see others express the aamitons and sensations (Singer et al., 2004;
for a review see Singer 2006). A whole range ded&nt “mirror matching mechanisms” appears to
be then present in the human brain. These mirrwhar@sms have been interpreted as constituting

a basic functional mechanism in social cogniticefireed as embodied simulation (Gallese, 2011).

Since the activation of the mirror mechanism faiicacis typically induced by the observation of

ongoing actions, its relevance for the aesthetpeagnce while contemplating static artworks could
be negligible. However, even the observation diicsimages of actions leads to action simulation
in the brain of the observer, through the activatd the same brain regions normally activated by

execution of the observed actions (see, for exaniplgesi et al., 2006).

The significance of mirror neurons in understanda@gthetic responses to art has not been fully
assessed. Freedberg and Gallese (2007) recenpipga® that a fundamental element of aesthetic
response to works of art consists of the activabbrembodied mechanisms encompassing the
simulation of actions, emotions, and corporeal agolss. Historically, theorists of art have

commented on a variety of forms of felt bodily eggaent with works of art, but the mechanisms

by which this happens have remained unspecifieentrely speculative. Mirror mechanisms and
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embodied simulation can empirically ground the fameéntal role of empathy in aesthetic
experience. Freedberg and Gallese’s theory of dngpatsponses to works of art is not purely
introspective, intuitive or metaphysical, but hagprecise and definable material basis in the

brain/body system.

The sensory-motor or “cold” component of the mimoechanism includes the activation of parietal
and premotor areas, which have been often foundeaat neuroesthetic studies. The recent
neuroimaging works by Di Dio and colleagues (seeetkperimental Studies 1 and 2), as well as the
psychophysical studies by Di Dio et al. and by Mas<t al. (see Studies 3 and 4 below) provide

suggestive evidence compatible with this hypothesis

1.3 Aesthetics and emotions

In the studying of the mechanisms underpinning pheasurable experience associated with
aesthetics, it is important to distinguish betweemotions arising by mere aesthetic pleasure and
those resulting from aesthetic judgments. These dgjects pertain to processing levels of the
aesthetic experience, which are tightly bound,ngtinterchangeable. Whereas aesthetic pleasure
is more concerned with an automatic hedonic resptmartworks, aesthetic judgment requires the
contribution of an explicit cognitive appraisal tie works of art, holistically grouping the
individual's values, knowledge and personal taatefactors that are influenced by cultural and
experiential dynamics. Though separable, theseaspects are strongly related and continuously

affect each other during the building up of thetlaetsc experience.

1.3.1 Explicit appraisal and reward

The study of neuroesthetics has mostly dealt wekthetic judgment, in that participants are
typically asked to explicitly judge a visual stimsleither as beautiful or ugly. Kawabata and Zeki
(2004), for example, used fMRI to investigate tleeinal correlates of beauty perception during the
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observation of different categories of paintinggn{iscapes, portraits, etc.) that were judged by
participants beautiful, neutral or ugly. The cameaging results revealed different brain activations
for judged-beautiful stimuli versus both neutradamgly images in medial orbitofrontal cortex

(OFC), an area typically associated with rewardcesses (see, for example, Schultz 2000). The
differential activation observed in OFC consistedlécreased activity with respect to baseline, with

judged-ugly stimuli evoking the lowest level of iaation.

Similarly, Vartanian and Goel (2004) carried outeuent-related fMRI study, in which explicit
aesthetic preference for representational versagab paintings was investigated in 3 stimulus-
versions: originals, altered, filtered. Particimamdicated their preference with a button press at
each stimulus presentation. Representational pgmtevoked higher preference than abstract
paintings. In both categories, original paintindgeited the highest preference. Brain imaging
results showed decreased activation in caudateusielith decreasing preference for the observed
paintings, suggesting that aesthetic experienae r@lses on areas involved in the processing of
stimuli holding rewarding properties (Delgrado t2900). Additionally, increasing preference for
the presented paintings elicited increased actimain several areas, including the left anterior
cingulate sulcus, an area known to be involveceward-related processing of stimuli that vary in

emotional valence (see Devinsky et al. 1995 favaew).

Additionally, a recent study by Lacey and colleagy(2011) showed that contrasting art vs. non-art
material (matched for content) determined activatod reward-related areas, including ventral
striatum and orbitofrontal cortex. These authomsntbthat activation of reward-related areas was
not associated with aesthetic preference ascribbedrt images (as assessed post-scanning).
Therefore, in contrast with the conclusions drawonmf the above-cited studies, Lacey and
colleagues proposed aesthetic appraisal of vistidabebe related more to a general effect of the

artistic status of the presented material rathen to its hedonic value.
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Although alternative explanations have been puvdod justifying activation of reward-related
areas during art judgment, reward may be reasoredggcted in aesthetic experience as the result
of both emotional and higher order cognitive preessto reinforce behaviours that produce
positive experiences (Kahnt et al. 2010). Evideomeing from clinical studies of ventro-medial
prefrontal cortex lesioned patients strongly suggtsat reward is a complex emotion arising at the
interface with high order cognitive processes, saglhose associated with counterfactual thinking
and decision making (Camille et al. 2004). In mafar, orbitofrontal cortex is shown to be
involved in coding stimulus reward value and, im@ert with the amygdala and ventral striatum, is
implicated in representing predicted future rewavtich is used to guide our choices toward the

more rewarding option (Kahnt et al. 2010; for aieay see O’'Doherty 2004).

In this respect, the “activation” of structures lsues OFC reported in neuroesthetics researches
could stem for the match between the expected vadseciated with the viewing of a beautiful
object and the actual value associated with thegmted stimuli. This process would then produce
in the viewer a rewarding high-order emotion thadl@ses his/her positive behavioural response.
This process is typically evoked by tasks suchhasd requiring judgments. Reward processes,
thus, have to be distinguished from the emotiossamsations that characterize the hedonic aspect
of an aesthetic experience, which relies on diffeqgrocessing mechanisms, as it will be fully

discussed in the experimental studies to follove @eo Jacobsen et al. 2006; Cupchik et al. 2009).

1.3.2 The hedonic dimension of aesthetic expegienc

As discussed, the need to explicitly verify thewtd€ers’ subjective evaluations on experimental
tasks inevitably leads to processes of self-evanaand decision-making. In an experimental
setting, though, these processes may interferethtfactivation of those areas, which are involved
in the more hedonistic aspect of the aestheticreaqpee. It is this particular feeling that defines,

our view, an aesthetic experience as such, disshgyg it from the more cognitive processes that
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accompany the aesthetic evaluation or judgmennhadréwork. An aesthetic experience can be in
fact regarded as one that allows the beholder éh &=nse the beauty of an artwork, ultimately
producing pleasure. Importantly, this process shat require conscious evaluation, but should
spontaneously arise in any suitable viewer by eifi the intrinsic qualities of the vector, namely

the artwork.

Borrowing from the Classical, and particularly Blat, view this basic assumption, we conducted a
series of studies aimed at unfolding, from a nealrgerspective, the hedonic dimension of an
aesthetic experience. In particular, recent studresdescribed in the following chapter showing
that the hedonic character of one’s aesthetic expez is underpinned by the activation of a brain
network, which includes cortical areas encodingpigsical properties of the stimuli and, crucially,
the right anterior insula. Interestingly, the direomparison between brain activations during the
aesthetic judgment of art stimuli (Classical sawlps) and of biological non-art stimuli
(photographs of young athletes) in our most redeiR| study (Study 2 below) showed that the
hedonic value of aesthetic experience hallmarkednBula activation is peculiar for artworks,

distinguishing it from the aesthetic evaluatiomoh-art material.

The experimental studies composing the presenisthes fully described in the following chapter.

These are divided into neuroimagirfylRI) studies (Study 1 and 2) and into behavioural aye-

tracking studies (Study 3 and 4).
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2. EXPERIMENTAL STUDIES

2.1 fMRI Studies

2.1.1 Study 1 - The golden beauty: brain response tosBiaband Renaissance sculptures

One of the most debated issues in aesthetics ithathbeauty may be defined by some objective
parameters or whether it merely depends on subgeédictors. The first perspective goes back to
Plato’s objectivist viewof aesthetic perception, in which beauty is regdrds a property of an
object that produces a pleasurable experienceyirsaitable viewer. This stance may be rephrased
in biological terms by stating that human beingsewdowed with species-specific mechanisms that
resonate in response to certain parameters pragsemrks of art. The alternative stance is that the
viewers’ evaluation of art is fullgubjectivelt is determined by experience and personal valses

Tatarkiewicz, 1970; Reber et al., 2004).

Although it is commonly accepted that subjectivéecia play a major role in one’s aesthetic
experience (see Valentine, 1962), it is also reasien to accept that there exist specific
biologically-based principles which may facilitatee perception of beauty in the beholder. New
artists, after all, typically first master the dtyilto represent standard principles of beautyhsag

symmetry and proportion, and only then eventuadigdthese rules to represent their overall vision

of the world (see Bayles and Orland, 2007).

In the present study we investigated the aestledfiect of objective parameters in the works of art
by studying brain activations (fMRI) in viewers waito art criticism who observed images of
sculptures selected from masterpieces of Clasai@hRenaissance art that are commonly accepted

as normative Western representations of beautymfortant feature that characterized the present
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study distinguishing it from others that also hateempted to clarify the neural correlates of
aesthetic perception (Cela-Conde et al., 2004; Kaveaand Zeki, 2004; Vartanian and Goel, 2004;
Jacobsen et al., 2006) was the use of two setsaidlsthat were identical in every aspects but:one
proportion. More specifically, a parameter thatassidered to represent the ideal beauty, namely
the golden ratio (1:0.618; for reviews see Hunt&970; Livio, 2002), was modified to create a

degraded aesthetic value of the same stimuli onéralled fashion (Figure 1).

Figure 1. Example of canonical and modified stimuli.The original image (Doryphoros by Polykleitos) is
shown at the centre of the figure. This sculptureys to canonical proportion (golden ratio = 1:8)6Two
modified versions of the same sculpture are preslemon its left and right sides. The left image wexlified
by creating a short legs : long trunk relationi¢rat 1 : 0.74); the right image by creating the ogife
relation pattern (ratio = 1 : 0.36). All images wersed in behavioural testing. The central imageggd-as-
beautiful on 100%) and left one (judged-as-ugly6dfo) were employed in the fMRI study.

Another important feature of the present study weas the same stimuli were presented in
experimental conditions that varied in the instiwtd given to the viewers. In one condition -
observation (O) — viewers were asked to observestudptures as if they were in a museum,

without any explicit request to judge them. By inohg a “simply enjoy” contextual frame without
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having the volunteers perform any specific cogeititask, we meant to elicit a most
spontaneous/unbiased brain response to the artwiorks second -aesthetic judgment (AJ)- and
third -proportion judgment (PJ)- condition, on tter hand, participants had to give an aesthetic
or a proportion evaluation of the stimuli, respeely. They were involved therefore in an additional
evaluation cognitive task. The aesthetic judgmeonddion allowed us to determine brain
activations in response to the volunteer's subjecevaluation of the stimuli, whereas the PJ

condition was used to observe brain response dartagk of overt proportion evaluation.

In order to assess both “objective” and “subjectigesthetic values, two types of analysis were
carried out. In the first one, aimed to establish meural responses to objective beauty parameters,
we contrasted brain activations during the presiemaf the canonical sculpturgs their modified
counterparts. The underlying rationale was thatd#eonical proportions intrinsic to the original
works of art would elicit enhanced activity in asemediating pleasure and, in particular, in the
insula, the cortical region known to be involvedhefeelingof emotion (see Damasio, 1999, 2000;
Craig, 2003; Critchley et al., 2004, 2005). We aksqected that signal increase would be
particularly strong during the observation condlitizvhere brain response to the artworks was not
interfered with by additional cognitive request®.(iaesthetic or proportion judgment). The second
type of analysis, on the other hand, was aimedhetetvaluation of brain responses related to the
overt subjective appreciation of the stimuli by tasting the brain activations obtained during the
presentation of the judged-as-beautiful against jtitged-as-ugly images. In this analysis, we
expected the judged-as-beautiful images to produsgonger activation, than the judged-as-ugly
images, in areas involved in the subjective emaliappraisal of the stimuli. In this case, however,

we did not bring forward any specific predictioned the divergent existing evidence in the field.
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Experimental Procedure

Participants

Fourteen healthy right-handed volunteers (8 maefemales; mean age 24.5, range 12 years)
participated in this study. They were educated rgrdeuate or graduate students, with no
experience in art theory. After receiving an exptaon of the experimental procedure, participants
gave their written informed consent. The study agroved by the independent Ethics Committee

of the Santa Lucia Foundation (Scientific InstittdeResearch Hospitalization and Health Care).

Stimuli

Fifteen 2-dimentional images of Classical and R&sace sculptures were chosen following the
selection method described in Supporting Infornrmatiéll the original pictures met the criteria of
canonical proportions defined by the ratio 1:1.@Hween body parts; among the 15 modified
image-versions, 7 presented a ‘long-trunk, shay$’lanodification (range = 1:1.47 - 1:1.59),
whereas the remaining 8 images presented the dppuaitern of modification (range = 1:1.64 -

1:1.82). Twenty sculptures represented male bahdslO female bodies.

Paradigm

The stimuli were presented in three experimentaldi@mns: observation (O), aesthetic judgment
(AJd), and proportion judgment (PJ). Each participamderwent 6 separate fMRI runs, repeating
each condition twice. The condition order was naamed fixed across all participants, with
observation condition first, explicit aesthetic gmdent second, and explicit proportion judgment,
last. By keeping the observation runs first, we ednat measuring unbiased (spontaneous) brain
responses to the type of the stimuli (canonicalraondified). To make sure that volunteers were not
biased in their aesthetic judgment by explicit mmdjon evaluation, the aesthetic judgment

condition always preceded the proportion judgmansr
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Within each run we presented 30 stimuli (15 caralmand 15 modified) in a randomized order, but
never repeating the same image within a run. Atgqpresnark instructed the participants to respond
to the images after a 4s-fix interval following kastimulus presentation by using a response box

placed inside the scanner.

Task

Participants lay in the scanner in a dimly lit eonment. The stimuli were presented on a black
background and were displayed on a screen vidiloigh a mirror mounted on the interior of the
head coil. At the beginning of each session, avsisal instruction informed the volunteers about
the upcoming condition/task. On each trial, a 40Qmastral fixation point plus 1000ms blank-
screen interval preceded the presentation of thiptsre stimulus. The stimulus then appeared at
the centre of the screen for 2 s (see also Cela€enal., 2004; Winkielman and Cacioppo, 2001)
and it was followed by another 4 s blank-screearval. After this, a question mark instructed the
observer to respond to the stimulus (see belowg. guestion mark remained on screen for 400 ms

and was followed by a jittered interval ranging &;%ith a uniform distribution.

During observation condition (O), the volunteersraveequired to observe the images as if they
were in a museum and, when the question mark apgetirey had to indicate whether they paid
attention to the picture or not. During the aesthaind proportion judgment conditions, the
volunteers were required to decide whether thegdlikhe image (AJ) or whether they found it
proportional (PJ), respectively. Thus, all 3 coiodis required a response from the participants.
Using the index or middle finger of the right hatitg participants answered yes or no, according to
the instruction presented at the start of each Syecifically, before the observation sessions, the
participants were instructed to answer ‘yes’ ifythpgaid attention to the stimulus just presented,
whereas to press ‘no’ to indicate that they did pey attention to the stimulus. The question ‘did

you pay attention to the image?’ was introducedmni@ke sure that participants were actually
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looking at the stimuli during fMRI scanning. Durig] condition, participants were required to
indicate ‘yes’ if they aesthetically liked the ineagnd ‘no’ if they did not. Finally, PJ condition
required the observers to explicitly indicate wieetthey thought that the image was proportional

by pressing ‘yes’ or if they thought that the imagges disproportionate by pressing ‘no’.

The volunteers underwent six subsequent scannimg rach lasting approximately 5.6 min. Each

fMRI runs consisted of 30 trials with each sculptimages presented once.

Image acquisition

Functional images were acquired with a MagnetomiovisMRI scanner (Siemens, Erlangen,
Germany) operating at 3T. Blood oxygenation levegehdent (BOLD) contrast was obtained using
echo-planar T2* weighted imaging (EPI). The acdiasi of 32 transverse slices with an effective
repetition time of 2.08 s, provided coverage of Wi®le cerebral cortex. The in-plane resolution

was 3 Xx 3 mm.

Data analysis

Two types of analyses of fMRI data were performedtimulus-based analysis (‘objective beauty’)
considered only the type of image that was presetate¢he participants: i.e. with canonical (C) or
modified (M) proportions. The second analysis (jsgbve beauty’) categorized each sculpture
image according to the behavioural responses medsduring AJ runs. For this analysis, we
included only images that were consistently judgéter beautiful (B) or ugly (U) in both runs

requiring aesthetic judgment.

Event-related fMRI data were processed with SPR2o(//www.fil.ion.ucl.ac.ul. The first four
image volumes of each run were discarded to altmvstabilization of longitudinal magnetization.

For each participant, the remaining 162 volumesewesaligned with the first volume, and the
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acquisition timing was corrected using the middileesas reference (Henson et al., 1999). To allow
inter-subject analysis, images were normalised hi® Montreal Neurological Institute (MNI)
standard space [18], using the mean of the 162iamat images. All images were smoothed using

an isotropic Gaussian kernel (full width at halbamaum = 10 mm).

Statistical inference was based on a random eff@gsoach (Holmes and Friston, 1998). This
comprised two steps. First, for each subject, th& dvere best-fitted (least-square fit) at every
voxel using a linear combination of the effectsmérest. The effects of interest were the timifig o
the fixation point onsets, the presentation timéshe sculptures (C & M; or B & U), and the
presentation times of the question mark that cuesttaesponses. All event-types were convolved
with the SPM2 standard hemodynamic response fundttRF). Linear compounds (contrasts)
were used to determine common effect (Cwddrest) and differential effects associated with the
presentation of the sculptures (C-M and M-C; or Bxd U-B), separately for each of the three
conditions (O, AJ and PJ). For each subject, #ustd the creation of six contrast-images, that is
three contrasts C+Ms rest - - one for each condition, and three ceitdr&-Mvs rest, again one
for each condition. Additionally, three contrastaiges were also created, which contrasted judged-

as-beautifuls judged-as-ugly images for each condition.

These contrast-images then underwent the secopdhstecomprised three separate ANOVAs. One
considering overall pattern of activation ‘C+Ms. rest’ modelled for each condition; one
considering ‘objective beauty’ (s M) modelled for each condition; and one consiugri
‘subjective beauty’ (B/s. U) for each condition. Finally, for each of thede separate ANOVAs,
linear compounds were used to compare these effaoi® using between-subjects variance.
Correction for non-sphericity (Worsley et al., 199s used to account for possible differences in

error variance across conditions and any non-inug& error terms for the repeated measures.
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The following contrasts were tested. First, witkine “common effects”, ANOVA (C+Mss rest)
averaging across all experimental conditions (Q,FAl). For this, the SPM-maps were thresholded
at P-corrected = 0.05 (voxel-level). The other two AN@3&/assessed any stimulus -specific effect
(‘objective’: C-M, M-C; or ‘subjective’: B-U, U-B)We tested for main effects of stimulus across
the three experimental conditions (O, AJ, PJ); fandnteractions between stimulus and condition.
Additional contrasts explored simple effects sefadydor the different conditions (e.g. B-U, during
AJ only). For all these stimulus-specific effeotge usedP-corrected = 0.05 at the cluster-level
(cluster size estimated with a voxel-level thredhafl P-uncorrected = 0.001, extent threshold = 10

voxels).

In addition, because of our prior hypothesis comcgr the possible involvement of the insula in
aesthetic appreciation, we used a small volumeectan procedure to test for the effect of
‘objective beauty’ (C-M; within and across O/AJ/Bdnditions) specifically in this region. The
search volume was derived from Damasio et al. (R@66e also Critchley et al., 2005, 2005)

centring a sphere at MNI x, y, z = 30, 18, 18; vattadius of 10mm.

Results and Discussion

The viewers’ evaluation of the stimuli, as expressethe aesthetic judgment condition, showed
that the canonical images were mostly evaluatediypely (76%, sd= 0.18), whereas the modified

images were generally scored with a negative ra#3§o, sd= 0.25). This finding was in accord

with a preliminary behavioural test used for imagetection that also showed the relevance of
proportion in aesthetic evaluation. In this tesb)ation of canonical proportions accounted for 77%
of the variance in aesthetic rating (partial’Es®e Supporting Information in Di Dio et al., 20007

details on the preliminary behavioural experiment).
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Overall effect of viewing the sculptures
MRI analysis was carried out by first assessing ¢herall effect of viewing the sculptures
contrasting canonical (C) and modified (M) imagpedled together, C+M) with rest, across all

three conditions (O, AJ, PB:corrected <0.05).

As shown in Figure 2, activations were found inipital and temporal visual areas, including
lingual and fusiform gyri. Additionally, activatisnwere observed in the inferior parietal lobule
(IPL) bilaterally, in the SMA/pre-SMA complex, veat premotor areas, and in the posterior part of
right inferior frontal gyrus (IFG). Signal increaseas also found in the insula and hippocampus.
Most of the activations were bilateral, althougtosger in the right hemisphere. These results are

summarized in Table 1 (see Appendix)

Among the visual activations, besides the primasyal cortex, signal increase was found in the
lateral occipital cortex and the inferior tempolabe (shape sensitive areas), as well as in the
MT/MST complex. This last finding, although surpmg at first considering that the MT/MST
complex is involved in the analysis of motion (Watset al., 1993; Dupont et al., 1994; Orban et
al., 1995), is consistent with previous data shgwirat activation of these areas may be elicited by
static images that imply motion (Kourtzi and Kanwes, 2000). Most noteworthy was the
activation of the inferior parietal lobule and espfly of the premotor cortex. These areas are
known to become active during the observation dioas done by others (see Rizzolatti and
Craighero, 2004). It is likely that their activatizvas dependent on the intrinsic dynamic properties
of the sculptures used in this study and the sehsetion that they evoked in the observer (see

Freedberg and Gallese, 2007).
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Figure 2. Brain activation of canonical and
modified sculptures vs. rest. The analysis was
carried out by averaging activity across the three
experimental conditions (observation, aesthetic
judgment, proportion judgment). Group-averaged
statistical parametric maps are rendered onto the
MNI brain template R-corrected < 0.05).

Canonical vs. Modified Sculptures: “Objective Bedut

The direct contrast of canonicak modified images across the three experimentatitons
revealed signal increase for the canonical stimmuiihe right occipital cortex extending into lindua
gyrus; in the precuneus bilaterally; in the rigbsferior cingulate gyrus; and in the depth of right
inferior frontal sulcus extending to the adjacemmexity of the middle frontal gyrus’{corrected

< 0.05; Figure 3a; see also Table 2a in Appendix).

The lateral occipital cortex (LOC, Malach et aR95b; Grill-Spector et al., 2001) and the temporal
visual areas are known to be responsive to theeptation of body parts or even the whole human
body (Downing et al.,, 2001; Astafiev et al., 2005jgnal increase within these areas may be
therefore due to a greater representation of caabhody structures relative to the disproportienat
ones. The activation of the medial parietal arembd the prefrontal lobe, on the other hand, might
be related to mnemonic functions (e.g. Shallicalgt1994; Tulving et al., 1994, for review see
Cavanna and Trimble, 2006), possibly elicited by thatrieval of plausible motor configurations,

better represented by the proportional material.
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The central hypothesis underlying the present stualy that the contrast of canonigal modified
stimuli would produce signal enhancement within ithgula. Accordingly, we carried out a small
volume correction within the main effects analy§€isM) using the anatomical coordinates reported
in Damasio et al. (2000) on the feeling of emot{see also Critchley et al.,, 2004, 2005). The
results revealed a significant signal increasehi anterior sectorof the right insular cortex
extending to the operculum region (maxima X, y, 20726, 12; Figure 3l < 0.05, corrected for

small volume).

This effect was particularly strong duriegpservationcondition P < 0.02, corrected for the whole
brain volume, see Table 2b in Appendi;= 0.005, corrected for small volume), that is le t
condition in which the volunteers were in a memhgervational (museum-like) context (see Figure
3c). Signal increase in AJ and PJ conditions, enatiner hand, was virtually the same. The most
likely interpretation for this result stands in tlgferent cognitive demands between the first (O)
and the last two (AJ, PJ) conditions. In the laftefact, the explicit request of overtly judgitite
stimuli diverted the volunteers’ attention resogrdewards a specific cognitive demand, thus

lessening the natural neural response within thelan
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Figure 3. Brain activation in the contrast
canonical vs. modified stimuli. A. Main
effect of canonicalvs modified sculptures
across conditions rendered onto the MNI
brain template B. Parasagittal and coronal
view showing activations of the right insular
region in the main effecC. Activity profile

of the right insula. For each condition (O, AJ,
PJ) the signal plots show the difference
between canonical (C) minus modified (M)
sculptures in arbitrary units (a.u), +/- 10%
confidence intervals_-corrected < 0.05).

[ maximax,y, z =30, 26, 12

These data are in apparent contrast with somequs\Vindings where symmetry was employed as
an objective parameter of aesthetic evaluationofsen et al., 2006). In this study, the autttbds
find significant activation in the anterior insutathe comparison of aesthetic judgmesatcontrol
condition as well as in symmetry judgmeust control condition. However, they considered those
areas that were activated by both aesthetic andngymy judgment to be not involved in pure
aesthetic judgment and hence omitted them fronatfadysis that directly contrasted brain activity
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for the judged-as-beautifws the judged-as-ugly stimuli. In this way, thereforthey also
disregarded the insular activation elicited by obye parameters (i.e. symmetry) intrinsic to the

stimuli and involved in mediating the sense of lhgau

The question now arises of what possible mechanemsresponsible for the insula activation
during the observation of canonical sculptures. Tdrderior sector of the insula has an
agranular/disgranular cytoarchitectonic organizatamd is characterized by extensive connections
with limbic structures and with centres involveddatonomic functions (Mesulam and Mufson,
1982, 1985; Dupont et al., 2003). Functionally,eaior insula is thought to mediate feelings
associated with specific emotional states (Augestir®96, see Damasio, 1999, 2000; Craig, 2003;
Critchley et al., 2004, 2005). Now, considering gattern of activity described in the main effect
(C+M vs.rest), there are two concurrent possibilities thay explain insula activation. One is that
in LOC and in the parietal cortex there are neurgpecifically sensitive to the canonical body
images and that have privileged access to the ansternatively, one may suppose that the
canonical sculptures simply determinedstaonger activation of cortical neurons sending their

output to the insula.

Another possible explanation, based on both mad sample effect analyses (C-M), is that the
insula was activated, not by simplest aspects efvtbual stimuli (e.g. shape or motion), but rather
by higher order information coming from prefronséakas 45 and 46. Studies in primates (Nelissen
et al., 2005) showed that area 45 integrates irdtom about object shape with that about actions.
While human left area 45 subserves language fumgtib is plausible that human right area 45,
selectively activated in the present experimentiicde involved in action/shape integration as
well. In this light, canonical stimuli could be neoefficiently coded in this area and determined,
therefore, a stronger activation of the insulatretato the modified one. In this context, also the

functional role of prefrontal area 46 could be maighy in confronting information from memory
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(e.g. standard body configuration) with online imiog information (observation of canonical and

modified stimuli).

To summarize, we propose that the positive emati@edingelicited in the viewer by the canonical
images was determined by a preferential codindie$¢ images, relative to the modified ones, by

various cortical areas and by a concurrgmtt activation of the anterior insula.

Judged-as-Beautiful vs. Judged-as-Ugly Sculptui®sgbjective Beauty”

With this further analysis, we investigated the nmoeal substrate associated with subjective
appreciation of the sculptures as expressed by eadicipant in the AJ condition (2 runs).

Behavioural data showed that 49% and 38% of stimalre consistently judged, respectively,
beautiful (B) and ugly (U) over both AJ runs, whesel3% was rated inconsistently. Only the

stimuli that were rated in a consistent way wer@leyed for analysis.

The judged-as-beautiful images selectively activdbe right amygdala. This effect was observed
for the aesthetic judgment condition, as demoredrdiy the stimulus x condition interaction

analysis (maxima: x, y, z = 32, 2, -&8;correcteck 0.03; Figure 4 a,b).

The amygdala is a complex nuclear structure. Ihterconnected with several cortical areas and
subcortical brain centres and subserves a varietfjuractional roles. However, a fundamental
amygdalar function is to provide neutral stimultiwpositive or negative values through association

learning (e.g. LeDoux, 1996; Rotshtein et al., 20®&elps and LeDoux, 2005).

For a long time, studies involving the amygdala ehawainly focused on negative stimulus
conditioning. However, more recent studies suppontole of the amygdala also for positive

emotions, both in animals (Paton et al., 2006) landans (e.g., Zald, 2003). This property puts the
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amygdala as a prime candidate in the storing ofliampemotional memories that can be
subsequently accessed and used. In this lightjutiged-as-beautiful stimuli could have been
judged as such, not on the basis of their objeg@arameters, but because they were associated with
memories charged with positive emotional valuese Tstinctiveness of each own experience

would then partly explain the variance observethensubjective rating of the observed images.

Finally, we compared judged-as-ugly versus judgeteautiful stimuli. As shown in Figure 4c, the
only activated area was a region straddling theraksulcus (somatomotor corticd®;corrected <
0.05; see also Table 3a in Appendix). Figure 4dashsignal change in this region, revealing a
particularly strong effect of “ugly” versus “beduti’ images during the explicit aesthetic judgment
condition. This selectivity was confirmed by thgrsficant stimulus-by-condition interaction, as

reported in Table 3 in Appendix.

These data are in accord with previous findingsKlayvabata and Zeki (2004) showing that a
negative evaluation of paintings (landscapes, atispaintings, portraits, still life) determinecdeth

activation of the somatomotor region. There is as@lence from other studies that negative
emotional stimuli may determine unilateral or l®lal activation in this region (e.g. fear, Armony

and Dolan, 2002; anger, Zald, 2003; Dougherty .ef8l04).
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maxima x, y,z = 32, 2, -28

(0] AJ PJ

[maximax, y, z =-36, -14, 60

Figure 4. Brain activations in the contrasts “judgel-as-beautiful vs. judged-as-ugly” and “judged-as-
ugly vs. judged-as-beautiful” stimuli. a. Parasagittal, coronal and transaxial sectionsvgigpactivation of
the right amygdala in the interaction stimulus (b#al vs ugly) x condition (observation; aesthetic
judgment; proportion judgment)b. Activity profile of the right amygdala. For eachondition
(O=observation, AJ=aesthetic judgment, PJ=proporficdgment) the signal plots show the difference
between beautiful (B) minus ugly (U)-as judged ptudes in arbitrary units (a.u), +/- 10% confidence
intervals.c. Statistical parametric maps rendered onto the lidin template showing activity within left
somatomotor cortex in the contrast of ugly. beautiful stimuli averaged across the three canut d.
Activity profile (ugly - beautiful) of the left motor cortex. For each citiod (O, AJ, PJ) the signal plots
show the difference between ugly (U) minus beal(i)-as judged sculptures in arbitrary units (a-t}
10% confidence interval®{corrected < 0.05).

The activation of the somatomotor region duringtfestsc judgment seems rather surprising in the
absence of actual movements. However, this aativathay find an explanation if one also
considers the activity patterddactivation of the orbito-frontal cortex reported in Kawabaiad

Zeki (2004) and also found in our work in a post-lamalysis (see Supporting Information in Di

29



Dio et al., 2007). Although much attention has béewn in recent years to the role of the orbito-
frontal cortex in relation to positive rewards (farreview, see Rolls, 2000; Kringelbach, 2005),
there is also evidence coming from lesion studiegd tlamage to orbitofrontal cortex causes a
liberation of a variety of behaviours, ranging fraemtreme irritability, hot temper, antisocial
behaviour, to euphoria, locomotor hyperactivity askual disinhibition (e.g. Kleist, 1937; for a
review see Boler and Grafman, 2001). If one adiigt a decrease of activity in orbito-frontal
cortex mimics - although to a different extente #ffect of a lesion, one may account for the motor

activation in response to ugly stimuli as a covel@ase of an appropriate motor behaviour.

Concluding considerations

In the present study we addressed the issue ofhehd#tere is an objective beauty. Our results
showed that objective parameters intrinsic to warkart are able to elicit a specific neural patter
underlying the sense of beauty in the observethdtcore of this pattern are neurons located in the

anterior insula.

Insula mediates emotiofeelings It would be too reductive, however, to think thlaé sense of
beauty occurs because of the activation of thigcire alone. Insula is also activated by non-
artistic stimuli; however, the feeling that thesiensili produce in the observer diffegualitatively
from that determined by artworks. Our view is thas specific quality — the sense of beauty —
derives from goint activity of neural cortical populations responsigespecific elementary or high

order features present in works of art and neulaceged in emotion controlling centres.

The results of our analysis concerning what weedallbjectivebeauty further revealed that, in the
condition in which the viewers were asked to inthoaxplicitly which sculptures they liked, there
was a strong increase in the activity of the amigydastructure that responds to emotional stimuli

associated with one’s own personal experiencesramdories.
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On the whole, the results of the present study estgthat both objective and subjective factors
intervene in determining our appreciation of amvark and that both processes are characterized by

an emotional dimension.

2.1.2 Study 2 - Specificity of aesthetic experience ftwarks: an fMRI study

In our previous study (Study 1) we investigatedrbaral correlates of aesthetic experience during
the observation of masterpieces of Classical angaRsance sculpture. In this study, sculpture
images were presented to participants in two vessi@riginal (“canonical”) and proportion-
modified. The rationale underlying proportion maochtion was that, in these masterpieces,
proportion is strictly related to the aestheticleaion of the stimuli. By altering proportion in a
controlled fashion and by keeping every other factmnstant, it was then possible to unfold the
neural correlates associated with the hedonic dsmarof aesthetic experience for these artworks.
Furthermore, in this study participants viewed stimuli in three conditions: observation, aesthetic
judgment and proportion judgment. The distinctiveatéire of this protocol was to allow
participants, during observation condition, to aleethe images without expressing awplicit
judgment In fact, explicit judgments that require decisimoaking may induce specific task-related

processes that could diminish the neural activatsponsible of hedonic responses.

The crucial contrast canonicad. modified sculpture images in Study 1 revealedattevation of a
brain network, which included cortical areas enngdihe physical properties of the stimuli, areas
encoding implied motion, and the right anteriorulias The emotional response, hallmarked by
insula activation (Mesulam and Mufson, 1982, 198mpont et al, 2003; Augustine, 1996;

Damasio, 1999, 2000; Craig, 2003, Chritchley, 20@805) was particularly strong during
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observation condition, in which the participantsiidobe said to respond most spontaneously to the

presented images.

Support for the finding that the hedonic dimensainaesthetic experience is related to insular
activation also comes from a recent study by Cupehnid colleagues (2009). In tHigIRI study,
participants viewed various categories of painti@m®traits, nudes, still-life and landscapes) that
were presented in two conditions: one that requihed participants to observe the images in an
objective and detached manner to gather informattmyut the content of the stimulus (“pragmatic
condition”), and one that required them to obselive paintings in a subjective and engaged
manner, appreciating the feelings evoked by thmwti(“aesthetic condition”). Note that, similarly
to our “observation” condition, instructions givém the participants prior “aesthetic” condition
were to experience the mood evoked by the artwarkdsout making any explicit judgment about
the stimuli. The results of this study showed tbhservation of paintings under the “aesthetic”
condition versus baseline condition (viewing ofrpimigs accompanied by no explicit task-related
instructions) elicited bilateral activation of thasula, suggesting that this area is crucially

implicated in the hedonic feeling associated wéhthetic experience.

In the present study we investigated, using funetianagnetic resonance imagirilyIRI), whether
the hedonic response associated with aestheticierpe when viewing art masterpieces occurs
also during the observation of non-art biologictinsli or whether it is distinctive of aesthetic
experience for artworks. For this purpose, we caegbthe activations evoked by sculpture images
with those produced by the observation of real hutmady images depicting young athletes. The
athletes posed with body postures that resemblesetiportrayed in the sculpture images (for
details, see Experimental Procedure section). tteroto match the body configurations across

stimulus-categories, all stimuli represented miglerés (see Figure 1 for an example of stimuli).
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This study was composed of two experiments. In loftthem, we presented the two stimulus-
categories (ans. biological non-art) in two conditions: observatiamd explicit aesthetic judgment.
The main difference between the two experimentsilaithe stimulus presentation protocol and in
the instruction provided to participants prior stag. In Experiment 1, the stimuli (sculptures and
real human body images) were presented interminea semi-randomized order within the same
functional runs. This protocol emphasized the difees between the two stimulus-categories. In
Experiment 2, each stimulus-category was presesépdirately in different functional runs. By
keeping the two stimulus-categories in separats wm intended to highlight differences in brain

activations distinctive of each stimulus-category.

The results showed a similar, yet not identicativation pattern for the two stimulus-categories.
The direct comparisons between sculpture and @akh body images revealed differences at the
visual and, most importantly, at the emotional leseprocessing. We argue that the activation
pattern observed for sculptures images, inclusii@sula activation, pinpoints the hedonic aspect

of aesthetic experience. This type of experientadsing when viewing non-art biological stimuli.
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Figure 1. Example of experimental stimuli used in this gtu@\) Images of canonical sculpture®)
images of proportion modified sculpturg€y) images of canonical real human bodi€éB) images of
proportion modified real human bodies. Proportioodified imagesB; D) are presented with a long trunk-
short legs relation (images on the left) and withart trunk-long legs relation (images on thet)igh
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Experimental Procedure

Participants

Thirty-two healthy right-handed lItalian student$ f@males [mean age=21.4, s.d.=1.23, range=19-
25] and 16 males [mean age=23.43, s.d.=1.39, r&ig86]) participated in Experiment 1. Twenty-
four healthy right-handed Italian students (12 fEsmdmean age=20.28, s.d.=1.16, range=19-23]
and 12 males [mean age=22.86, s.d.=3.26, range8j}9garticipated in Experiment 2. All
participants were naive to art criticism, as asskssuring recruitment. They had normal or
corrected-to-normal visual acuity. None reportdustory of psychiatric or neurological disorders,
or current use of any psychoactive medications.yTdeve their written informed consent to the
experimental procedure, which was approved by tinec& Committee of San Raffaele Scientific

Institute (Milan) and Local Ethics Committee of Par.

Stimuli

Sixteen 2-dimentional images of male sculpturesai® 16 images of real male human bodies
(HB) were chosen following the selection methodcdegd in Di Dioet al. (2007). For the present
study, stimuli were selected out of an initial padlimages composed of a total 56 images of
sculptures (28 canonical and 28 modified — seeweland 56 real human body images (28
canonical and 28 modified — see below). In thidiprieary behavioural study, which was aimed at
stimulus selection for thBVIRI experiment, we examined the relation betweesthetic judgment
and proportion in 22 observers naive to art cstici Participants of the behavioural study
underwent observation, aesthetic judgment and ptiopojudgment conditions. To assess the
probability that the stimuli were perceived eitlpeoportioned or disproportioned according to our
prior categorization (canonical and modified), dgrproportion judgment, participants had to rate
stimuli proportion on a dichotomous measure (0 spdiportioned; 1 — proportioned). During
aesthetic judgment condition, on the other handjggaants had to rate the stimuli on a scale from

0 (ugly) to 7 (beautiful). By using a continuousale; we aimed at increasing sensitivity on the
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assessment of the aesthetic response to the stiwlilch still needed to be quantified in this

preliminary behavioural stage.

The originalcanonicalimages of sculptures were chosen from Classicamgkes that met the
golden ratio criteria (proportion torso: legs (T-E)0.62 + 0.01). The real body images were
selected from pictures taken specifically for tiisidy by a professional photographer using
athletes, whose body proportion and figure reseththlese portrayed in the sculpture images. Also
the proportion associated with the selected realybmnages met the golden ratio criteria
(proportion torso: legs (T-L) = 0.62 = 0.02). Attde were required to pose following the postures
depicted in the sculpture images. All images wéaekband white and represented only male bodies
that were comparable across categories in ternoay structure, proportion between body parts,
posture, expressed dynamism. Expressed dynamistheotanonical sculpture and real body
stimuli was assessed by 9 independent judges dtinmgpreliminary behavioural study aimed at
stimulus selection (see above). The criteria adngrtb which the evaluators assigned the stimuli to
each category were the following: sense of balaposijtion of the limbs, feeling of motion,
direction of eye-gaze and facial expression. Basedhe judges’ rating, stimuli were initially
categorized into 10 dynamic and 18 static sculpimsges and 12 dynamic and 16 static real body
images. With respect to this further sub-categtiona the stimuli selected for the fMRI study
contained an even number of judged-dynamic (8) anmifjed-static (8) images within each

category.

A modified version of sculpture and real body images wastededy altering the proportion
between torso and legs (T-L) of the original imagesis producing two new sets of stimuli
identical to the formers except for proportion. ngsithe algorithm employed in the previous

experiment (Di Dioet al., 2007), half of the images were modified by shartgrthe torso and
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elongating the legs (modification range T-L=0.530wéhereas the other half followed the opposite

modification pattern, with long torso and shortdémodification range T-L=0.64-0.75).

An example of the two stimulus-categories (origiauadl modified) is in Figure 1.

Paradigm and Task Experiment 1

The stimuli were presented in a 2x2 design, with lewels of stimulus-category [sculpture (S) and
real human body (HB)] and two levels of stimulupgy[canonical (C) and modified (M)]. The
stimuli were presented in two separate experimectdalditions [observation (O) and aesthetic
judgment (AJ)]. Each participant underwent 8 segaffélRIl runs, repeating each experimental
condition twice. The condition order was maintairfieéd across all participants, with observation
condition first (runs 1-4), and explicit aesthgtidgment last (runs 5-8). By keeping the observatio
runs first, we aimed at measuring unbiased (spewoias) brain responses to the stimuli. The

participants expressed their explicit aesthetigment during the aesthetic judgment condition.

Every run comprised 32 trials. Sculpture imagesewmesented in sixteen trials, and real human
bodies images were presented in the other 16. WVihich category-specific trials, half of the
images (8) were presented in the canonical vemshhalf (8) in the modified version. To reduce
possible cross-category carry-over cognitive effestimuli were presented in a semi-randomized
order, with mini-blocks consisting of 8 consecutimeages of the same stimulus category (either S

or HB), never repeating the same image within a run

Participants lay in the scanner in a dimly lit @omiment. The stimuli were viewed via a back-
projection screen located in front of the scanmer @ mirror placed on the head-coil. The software
Presentation 11.0 (Neurobehavioral systems, Alb&ay,http://www.neurobs.cojnwas used both

for stimuli presentation and for the recording leé participants’ answers. At the beginning of each
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run, a 4s visual instruction informed the particifsaabout the upcoming condition. On each trial,
the stimulus appeared at the centre of the screef.5s and was followed by a 3s blank-screen
interval. Subsequently, a question mark instrudtez participants to respond to the stimulus in
accordance with the task introduced (see belowg. Jurestion mark remained on screen for 400ms
and was followed by an Inter-Stimulus Interval (I8ihite-cross fixation) whose duration was
varied (“jittered”) at every trial, in order to deshronize the timings of event-types with respgect
the acquisition of single slices within functionabdlumes and to optimize statistical efficiency
(Dale, 1999). The OptSeq2 Toolbox (http://surfer.mngh.harvard.edu/optseq/) was used to
estimate the optimal ISIs (mean ISI = 3.87s, rarg&.5-19.750s). Each scanning run lasted

approximately 6.5min.

During observation condition (O), the participamesre required to simply observe the images and,
when the question mark appeared, they had to itedighether they paid attention to the image or
not. During the aesthetic judgment condition, thegre required to decide whether they

aesthetically liked the image or not. Thus, bothdittons required a response from the participants.
Using the index or middle finger of the right hatitg participants answered yes or no, according to
the instruction presented at the start of eachThe.question ‘did you pay attention to the image?’
was introduced to make sure that participants veeteally looking at the stimuli durintMRI

scanning.

Paradigm Experiment 2

Participants lay in the scanner in a dimly lit eomiment. The stimuli were viewed via digital visors
(VisuaSTIM) with a 500,000 px x 0.25 square inckotation and horizontal eye field of 30°. The
visors were applied directly on the volunteers’efathe digital transmission of the signal to the

scanner was via optic fiber. The software E-Prinkréessional (Psychology Software Tools, Inc.,
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Pittsburgh, USAhttp://www.pstnet.comnwas used both for stimulus presentation and dacgrof

the participants’ answers.

The structure of the experimental trials within lreamin was identical to that described for
Experiment 1. Differently from Experiment 1, in Eeqpment 2 the total duration time of each run
doubled (about 12 minutes), making 4 the total nemdf functional runs. However, the actual
main difference with Experiment 1 laid in how stiinwere presented. In Experiment 1, stimuli
presentation was organized in randomized mini-tldaak8 stimuli belonging to the same category
(either S or HB). In Experiment 2, instead, halftloé participants (N=13) were presented with all
sculpture images first (runs 1-2) and then witH heeman body images (runs 3-4), and half of the
participants were presented with the opposite oldethis way, instructions for each experimental
condition (particularly for observation conditionhere we aimed at priming the proper mind-state)
could be addressed more precisely in accordande thé specific stimulus category to follow.
More specifically, during observation conditionsaiulpture images the volunteers were required to
observe the images as “they were in a museum”.nguobservation condition of real human
bodies, they had to observe images “as if leafimgugh a magazine where they would have seen
boys posing for photograph shots”. For both stiratdategories, participants were instructed to

relax and observe the stimuli trying to exploretreimeage in full.

fMRI data acquisition

For Experiment 1, anatomical T1-weighted and fuoral T2*-weighted MR images were acquired
with a 3 Tesla Philips Achieva scanner (Philips MallSystems, Best, NL), using an 8-channels
Sense head coil (sense reduction factor=2). Fumaltionages were acquired using a T2*-weighted
gradient-echo, echo-planar (EPI) pulse sequenceirnt&Bleaved transverse slices covering the
whole brain with the exception of the primary viscartex and the posterior part of the cerebellum,

TR=3000ms, TE=30ms, flip-angle=85 degrees, FOV=2#0rm240mm, inter-slice gap=0.5mm,
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slice thickness=4mm, in-plane resolution 2.5mm5a#n). Each scanning sequence comprised 120
sequential volumes. Immediately after the functioseanning a high-resolution T1-weighted
anatomical scan (150 slices, TR = 600 ms, TE = &0dfice thickness = 1 mm, in-plane resolution

1 mm x 1 mm) was acquired for each participant.

For Experiment 2, anatomical T1-weighted and fuoral T2*-weighted MR images were acquired
with a 3 Tesla General Electrics scanner equippédan 8-channels receiver head-coil. Functional
images were acquired using a T2*-weighted gradéeh, echo-planar (EPI) pulse sequence
(acceleration factor asset 2, 37 interleaved tranrsgvslices covering the whole brain, TR=2100ms,
TE=30ms, flip-angle=90 degrees, FOV=205mm x 205mimter-slice gap=0.5mm, slice
thickness=3mm, in-plane resolution 2.5mm x 2.5mBEgch scanning sequence comprised 306
sequential volumes. Immediately after the functi@tanning a high-resolution inversion recovery
prepared T1l-weighted anatomical scan (acceleratamtor arc 2, 156 sagittal slices, matrix
256x256, isotropic resolution 1x1x1 MnT1=450ms, TR=8100ms, TE=3.2ms, flip angle 12°5wa

acquired for each participant.

fMRI statistical analysis

Image pre-processing and statistical analysis \wertormed using SPM8 (Wellcome Department
of Cognitive Neurology, http://www.fil.ion.ucl.akispm), implemented in Matlab v7.6
(Mathworks, Inc., Sherborn, MA) (Worsley and Frigtd995).The first 6 volumes (Experiment 1)
and the first 4 volumes (Experiment 2) of each fiomal run were discarded to allow for T1
equilibration effects. All remaining volumes fronaahl participant were then spatially realigned
(Fristonet al, 1996) to the first volume of the first run tort for between-scan motion, and
unwarped (Anderssoet al., 2001). A mean-image from the realigned volumes wraated. The
T1-weighted anatomical image was coregistered wh smean-image, and segmented in grey

matter, white matter and cerebro-spinal-fluid. dgrthe segmentation the grey-matter component
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was automatically normalized to a grey-matter pbilistic map

(http://Loni.ucla.edu/ICBM/ICBM_TissueProb.html).h& derived spatial transformations were
then applied to the realigned-and-unwarped T2*-igid volumes, that were resampled in 2x2x2
mm® voxels after normalization. All functional volume®re then spatially smoothed with an 8-mm
full-width half-maximum (FWHM) isotropic Gaussiaretnel to compensate for residual between-

subject variability after spatial normalization.

Statistical inference was based on a random-eftggsoach (Fristoet al, 1999). This comprised
two steps. At the first (single-subject) levB\RI responses were modelled in a design-matrix
comprising the onset-times of the following regogssinstruction, stimuli (S and HB; C and M),
blank intervals and question-mark that cued ovesponses. Regressors modelling events were
convolved with a canonical Haemodynamic Responsetian (HRF), and parameter estimates for
all regressors were obtained at each voxel by maxikelihood estimation. Linear contrasts
were used to determine a) common effects (sculptsireaseline and real human body imagses
baseline, for both canonical and modified imageesypvithin each stimulus category), and b)
differential effects associated with the preseatatf the sculptures (C-M and M-C) and of the real
human body images (C-M and M-C), separately foheddhe two conditions (O and AJ). Finally,
differential effects were also observed acrossudtisicategories, contrasting the effects evoked by
sculpture imagess real human body images (and vice-versa) withtheaperimental condition.
For each participant, this led to the creation bfcbhntrast-images in Experiment 1, that is one for
each of the sub-conditions (2x2: stimulus-typeimslus-category) for each experimental condition
(O and AJ) plus 3 common to all conditions (instiagt, blank interval and motor response ); and
of 10 contrast-images in Experiment 2, that is oheach of the sub-conditions (2x2: stimulus-type
x stimulus-category) plus 2 common to all condisidiblank interval and motor response — see

below).
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These contrast-images then underwent the secomdvdtere the regressors of interest were
modelled into Flexible Factorial analyses. The n®d®ensidered the pattern of activation of the
two stimulus types (C and Mk implicit-baseline for each of the 2 stimulus ¢atees (S and HB)

for each condition (O and AJ) Linear contrasts wesed to compare these effects. Correction for
non-sphericity (Friston et al., 2002) was useddcoant for possible differences in error variance

across conditions and any non-independent ermorstéor the repeated measures.

Within the Flexible Factorial analyses, the follogicontrasts were tested. First, the “common
effects of stimulus-category” (S, C+Ms baseline) and (HB, C+Ms baseline) averaging across
the two experimental conditions (O and AJ). Secaoairasts explored main and simple effects of
stimulus category comparing activations in respdasmnonical sculptures.canonical real human
stimuli (SCvs HBC and vice versa) across and within the twoeexrpental conditions (O, AJ).
Finally, every stimulus—type (canonicat modified) specific effect was assessed withimstus-

category (‘'S’: Cvs.M, M vs.C; ‘HB’: C vs.M, M vs.C) separately for each condition (O, AJ).

In order to analyze only activations above baseltiecontrast analyses (in both Experiment 1 and
2) were masked inclusively for the effect underestigation (e.g., for the contrast SC-HBC during
AJ, the contrast was masked inclusively by SC_ARBsults were thresholded B&0.05 FWE
corrected at the cluster or voxel level (clustaesestimated with a voxel-level threshold R

uncorrected = 0.001).

The location of the activation foci was determinadihe stereotaxic space of MNI coordinates
system. Those cerebral regions for which maps areiged were also localized with reference to
cytoarchitectonical probabilistic maps of the hunimain, using the SPM-Anatomy toolbox v1.7

(Eickhoff et al, 2005).
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Results

Behavioural results

Behavioural data analysis was carried out on tiseslzd participants’ responses during AJ scanning
sessions. Responses were dichotomous (see Methotign3. Since each stimulus was repeated
twice, only responses that were consistent betwegetitions were used for analysis. Overall, most
of the responses were congruent between repetiffan®f congruence Experiment 1. SC=95,
SM=93, HBC=92, HBM=92; % of congruence Experiment C=95, SM=93, HBC=92,

HBM=92).

A 2x2 repeated measures GLM analysis with 2 lee¢lstimulus-category (§s HB) and two
levels of stimulus-type (@s M) was carried out considering the percentaggdded-as-beautiful
responses ascribed to each stimulus type/cate@mrythe whole, data obtained from the fMRI
behavioural responses from Experiment 1 showed & mffect of stimulus-category [S>HB;
(F(1,30)=4.29, p=.047, partigf=.13, power=.52)] as well as a main effect of stimsttype [C>M:;
(F(1,30)=18.22, p<.001, partiaf=.39, power=.99)]. Results from Experiment 2, showaly a
main effect of stimulus-type [C>M: (F(1,17)=21.1gk.001, partiam®=.55, power=.99)] and no

significant difference in aesthetic rating acrogtegories (p>0.05).

fMRI results

Experiment 1

Overall effect of viewing sculpture and real hunenaly images

In the firstfMRI analysis, we assessed, separately, the owffalit of viewing thesculpture(S)
and the real human bodyHB) images. In both cases, we pooled together braiwvaticins in
response to canonical (C) and modified (M) imaga®ss the two conditions (observation and

aesthetic judgment) and contrasted them with imgd&seline.
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With respect to sculpture images, BOLD signal iaseewas found in the occipital lobe, inferior
and middle temporal lobe, inferior parietal lob{l®L/Intraparietal Sulcus), pre-SMA, ventral
premotor cortex, and in inferior frontal gyrus (IF-Gignal increase was also observed in dee p
structures, including the hippocampus, amygdalaiasida. Most of the activations were bilateral,

although more extensive in the right hemispherguié 2A; see also Table 1a in Appendix).

With respect to viewing real human body images, BQdignal increase was mostly found in the
same areas that were activated when viewing saelptnages (Figure 2B; see also Table 1b in
Appendix). The main difference between the oveeaallivations evoked by the two stimulus-

categories laid in the lack of activation of theutar cortex when viewing real human body images

(see between-category analysis below).

(A)

Figure 2. Activations for(A) Sculpture and
(B) real Human Body images versus implicit
baseline inExperiment 1pulling together
canonical and modified stimulus-types across
the two experimental conditions (observation
and aesthetic judgment). P-FWE corr <0.05.
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Between-category differences

Canonical sculpture vs. canonical real human badgges

This analysis was carried out comparing activatiassociated with observation of canonical
stimuli only. Direct comparison between sculpturadareal human body images across
experimental conditions (observation and aesthetigment), revealed enhanced activation for
canonical sculpture images in the fusiform gyrdatéerally. Simple contrasts analyses within each
experimental condition revealed additional enharmeid/ation of the antero-dorsal portion of the

right insula during aesthetic judgment conditiomg(ffe 3A, B). These results are summarized in

Table 2a in Appendix.
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Figure 3. (A) Activation in the contrast
canonical Sculptureninuscanonical real
Human Body images (masked incl. by
canonical Sculpture images) during
aesthetic  judgment  condition in
Experiment 1(B) Activity profile within
right insula (38 26 10) in arbitrary units
(a.u.), +/- 10% confidence intervals (P-
FWE corr<0.05).
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Canonical real human body vs. canonical sculptonages

Direct comparison between canonical real human baay canonical sculpture images across
experimental conditions (observation and aestheatigment), revealed enhanced activation for real
human body images in right thalamus and in rigpesior temporal sulcus (STS, 46 -50 1@=K3,
P-uncorr=0.008). Contrast analysis of simple effebetween stimulus-categories for each
experimental condition separately revealed thagdlativations were particularly enhanced during

aesthetic judgment condition (Figure 4A, B; seel@&a in Appendix).

A x=44 Figure 4. (A) Activation in the contrast
canonical real Human Bodyinuscanonical
Sculpture images (masked incl. by canonical
Human Body images) during aesthetic
judgment condition inExperiment 1 (B)
Activity profile within right STS (44 -50 6)
in arbitrary units (a.u.), +/- 10% confidence

intervals (P- uncorr <0.05).
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Between-types differences

Canonical vs. modified sculpture images

The direct comparison of canoniea modified sculpture images produced no signifiearttanced
activation for either canonical or modified imagasneither of the two experimental conditions
(observation and aesthetic judgment). These firedarg in contrast with the results obtained in our
former experiment (Di Di@t al, 2007), where the direct contrast of canonusamodified images
across all experimental conditions revealed sigmakase for the canonical stimuli in some cortical
areas and in right insular cortex, particularly idgrobservation condition (see Experiment 2

below).

Canonical vs. modified real human body images

The direct comparison of canonical minus modifiexhlrhuman body images produced no
significant enhanced activation in neither of theo texperimental conditions (observation and
aesthetic judgment). The opposite direct compar{seadified minus canonical real human body
images), on the other hand, produced enhancedatiotivfor the modified images in the left

amygdala during observation condition, as well@saaced activation in a posterior cortical region
straddling the inferior and middle temporal gyrridg aesthetic judgment condition (see Table 2b

in Appendix).

Experiment 2

Overall effect of viewing sculpture and real hunenaly images

In this analysis, we assessed, separately, thalbedfect of viewing bothsculpture(S) and real
human body(HB) images pooling together brain activations in resgoto canonical (C) and
modified (M) images across the two conditions (obston and aesthetic judgment) with respect to

implicit baseline.
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Figure 5A shows BOLD signal increase for sculptumages. Most of the activations replicated
those observed in Experiment 1 (see Table 3a ineAgip). Activated areas included occipital
cortex, fusiform gyrus, lingual gyrus, posterioriptal cortex, inferior parietal lobule, pre-SMA,
premotor cortex, and inferior frontal gyrus (IF@gdditionally, enhanced activations were observed
in deep structures, including hippocampus, amygaiaththe anterior insula. Most of the activations
were bilateral. Finally, differently from Experimefi, signal increase was also found in medial

frontal areas, including right anterior cingulatetex and left orbitofrontal cortex.

Figure 5B shows activations relative to viewingl i@aman body images. Similarly to Experiment
1, BOLD signal increase was found in the same atestswere activated when viewing sculpture

images, the major difference being an additioniVaton at the level of the basal ganglia nuclear

complex (see Table 3b in Appendix).

Figure 5. Activations for(A) Sculpture and
(B) real Human Body images versus implicit
baseline inExperiment 2pulling together
canonical and modified stimulus-types across
the two experimental conditions (observation
and aesthetic judgment). P-FWE corr <0.05.
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Between-category differences

Canonical sculpture vs. canonical real human baodgges

Direct comparison between canonical sculpture asabgical real human body images across
experimental conditions (observation and aesthgfityment) revealed greater activations for

sculpture images in lingual and fusiform gyri.

Additional activations were observed from simplentcast analyses. More specifically, during
observation condition there was increased actimaftts canonical sculptures. canonical human
body images in right cuneus, right inferior patdielabule, right inferior frontal gyrus pars
triangularis and pars opercularis, and in the @ntetorsal part of right insula (see Table 4a in

Appendix).

Canonical real human body vs. canonical sculptonages

The direct comparison between canonical real hurbady vs. canonical sculpture across
experimental conditions (observation and aesthgtdgment) revealed enhanced activations
bilaterally in the caudal part of the temporal Idteaddling the middle and superior temporal gyri
and extending medially to include the superior terapsulcus (STS). Simple contrast analyses
showed that activation of left STS was particulatyong during aesthetic judgment condition (see

Table 4a in Appendix).

Between-type differences

Canonical vs. modified sculpture images

The direct comparison of canonica. modified sculpture images revealed significantedénces
during observation condition only. More specifigalsignal increase was observed for canonical
images in the caudal part of right middle tempgsals, inferior frontal gyrus pars triangularis and

crucially, in right anterior dorsal insular cort@gure 6A, B; see also Table 4b in Appendix).
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The contrast modified/s. canonical sculpture images revealed signal isereduring aesthetic

judgment condition in right supramarginal gyrus aight ventral premotor cortex (BA44) (see

Table 4b in Appendix).

Figure 6. (A) Activation in the contrast
Canonicalminus Modified Sculpture images
(masked incl. by Canonical Sculpture
images) during observation condition in
Experiment 2 (B) Activity profile within
right anterior insula (34 18 4) in arbitrary
units (a.u.), +/- 10% confidence intervals (P-
FWE corr < 0.05).
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Canonical vs. modified human body images
The comparison of canonicad. modified human body images revealed no significlififerences.
The opposite contrast (modifiacs canonical human body images), on the other henkaled

signal increase for the modified images in venpemotor cortex (BA44) during observation
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condition and in superior parietal lobule, inferitmporal gyrus and fusiform gyrus during
aesthetic judgment condition. All activations wéateralized in the right hemisphere (see Table 4b

in Appendix).

Discussion

In our previous study we showed that activationttué anterior sector of the right insula is

associated with the hedonic dimension of aestleefperience during the observation of artworks.
The main purpose of the present study was to igastwhether this specific hedonic response is
also present during the observation of non-artdgickl stimuli. For this purpose, we compared
brain activations when participants observed saufpimages with brain activations during the

observation of real human bodies represented bgoghaphs of young athletes.

The global pattern of cortical activations duririge tpresentation of sculptures and real human
bodies was very similar. Activations included visaecipital and temporal areas, inferior parietal
lobule/intraparietal sulcus, ventral premotor coréad inferior frontal gyrus. Signal increase was
also observed in deep structures, such as the ¢capgmus and amygdala. Most of the activations
were bilateral, although more extensive in the trigbmisphere. The direct comparison between
canonical sculptures and canonical real bodiesligigied, however, some important differences.
The observation of sculpture images determinedtivel to real human body images, a greater
activation ofright anterior dorsal insula,as well as activation of some visual areas and, in
particular, of fusiform gyrus. The opposite contrgsiman body minus sculpture images) showed a

greater activation of the superior temporal sul&IES).

It is known from both monkey (see Desimone et H84; Tsao et al., 2006; Gross, 2008) and
human studies that portions of the inferotempavbkeland of its human homologue (the fusiform

gyrus), play a crucial role in the processing akefa (for review see McKone and Kanwisher, 2005;
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Gross, 2008). Furthermore, it was also shown thatessectors of fusiform gyrus encode, with
nearly the same level of selectivity, images of hanbodies (Peeling and Downing, 2004;
Schwarzlose et al., 2005). In this light, it isyg#le that the fusiform activation observed in the
present study reflected a detailed visual analgsithe physical aspects of the body (e.g. size,

shape, proportion) of the sculpture as comparedabhuman images.

The comparison between real human body vs. scelptnages showed a consistent activation of
the superior temporal sulcus (STS). STS is a regimwn to be involved in visual processing of
movement of body parts. Thus, STS activation wes\lidue to a matching between the observed
human body images and the representation of bodyement encoded in this region (see Perrett et
al., 1989; Allison et al., 2000; Thompson et al02; Pelphrey et al., 2004). Note that, although in
the present study we used static stimuli, thesvidence that these stimuli, when implying motion,
are able to activate visual areas encoding ovextements, as shown for area MT/V5 by Kourtzi

and Kanwisher (2000).

In the present study, both sculpture and real botwges contained an even number of static and
dynamic stimuli. It is then likely that activatiodifferences observed between real body and
sculpture images were not be ascribed to diffe®noe some stimulus properties (such as
dynamism), but rather to different attention depteyt in the two cases. Attention was more
focused on action in the case of real human imaghsst it was more focused on the physical
aspects of the body in the case of sculpture imdgesirn, these different attention allocations
could be related to different attitudes towards ghesented images. In the case of the real human
body, the implicit attitude of the observers wobklthat of trying to understand the meaning of the
represented gestures and, possibly, the intentfothe observed individuals. In contrast, the

sculptures constitute an artistic representatiothefhuman body and the spontaneous attitude of
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the observers would be that of exploring them wite purpose of appreciating their physical

properties.

The most important finding of our study lays, hoeevin the activation of right insula in the

contrast sculpture vs. real human body images. athigated part of the insula was located in its
rostro-dorsal sector. This sector corresponds & itisular region also found activated in our
previous study in the contrast canonical vs. medifsculpture images (Study 1) and confirmed
from the same contrast in Experiment 2 of the prestudy. Since canonical proportions are
positively related to aesthetic evaluation of st images, we interpreted this activation as the

hedonic signature of aesthetic experience wheningeartworks.

Insula is an extremely complex and heterogeneaustste including a posterior granular (sensory
part), a central large dysgranular and a smaltgestntral agranular (motor and vegetative parts)
sector (see Mesulam et al., 1982, 1985; Augustif86). A recent meta-analysis of the human
insula by Kurth et al. (2010) revealed four funotib distinct regions corresponding to sensory-
motor, olfacto-gustatory, social-emotional and atge networks of the brain. Social-emotional

aspects activate the ventro-rostral part of thelangvhile all tested functions, except for sensory-
motor function, overlap on its anterior dorsal port These data allow one to specify better the
functional role of this region in mediating hedoexperiences when viewing artworks. This region
is not encoding the mere emotional aspect of timusit but integrates cognitive and emotional

processes to create a coherent experience oftéredat stimuli. Although activation of this region

is not uniquely deputed to aesthetic experience Kagth et al., 2010), our results indicate that it

plays a fundamental role in providing an hedonialidyto art processing.

One may argue that insular activation observedsdoipture images, and not for real human body

stimuli, could have been triggered by the sculgucemplete nudity, a factor that was not
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counterbalanced between categories. In this resgeate experimental evidence coming from
studies investigating the neural correlates of @nat response to arousing stimuli report insula
activation. Often, the arousing stimuli represeint clips or photographs depicting nudes and sex
scenes (e.g., Stoleru et al., 1999; Gizewski e2806; Safron et al., 2007). In these studiesitrig
ventral insula and/or left insula were found adibwhen attending arousing stimuli. The rostro-
ventral insular sector found activated in thesealisti is different from the more dorsal sector
observed in our study. Anterior ventral insulafi®o associated with a representation of autonomic
states (e.g., Critchley et al., 2002) and with plhesentation of stimuli holding a socio-emotional
status (see Kurth et al., 2010 for a review). Mustieworthy, our results indicate that the insular
sector found activated in the contrast sculpttsereal human body stimuli showed also a lower
activation in association with decreased aesthetlence conveyed by the proportion-modified
stimuli. For this reason, we suggest that the righitero-dorsal insular activation observed for
sculpture images in the present study is evokedrbyedonic state associated with the aesthetic

dimension of the sculptures and not with their budi

Insular activation was absent in the case of olagienv of real human body images, irrespective of
proportion modification. It is worth noting, in thirespect, that behavioural data showed that
proportion affected aesthetic rating in both stsutategories; namely, the canonical images were
preferred to modified images also in the case alfftaman bodies. What these data seem to suggest
is that the enhanced insular activation observedduolpture images compared to real body images,
and particularly for canonical ones, emerged fratenalance to specific physical properties of the
sculpture images that, when altered, determinemnanished hedonic response in the viewer. This
specific hedonic response was not present whenngdpe aesthetics of real body images. This
does not imply that there is no aesthetic expeeeassociated with the viewing of real body
images. However, our data show that this experiglogs not have the same neural substrates as

those underpinning the viewing of sculptures. Exgtion of the neural correlates associated with

54



aesthetic experience for real human bodies wasngettee purpose of the present study and we

cannot assert any conclusions on this issue.

Concluding considerations

Here we tested whether the neural activations ymol@ng hedonic experience when viewing an
artistic representation of the human body (mastegs of Classical art) are also present when
observing images of non-art biological stimuli (reaman bodies). Imaging results indicated that
aesthetic experience for artworks recruited theramtsector of right dorsal insula. This sectoswa
not activated when attending real human body imageggesting that the hedonic value
underpinning the aesthetic appraisal of artworks &aacharacter of it own, distinct from that

characterizing the aesthetic appraisal of non-atemal.

2.2 Behavioural and Eye-Tracking Studies

2.21 Study 3 - The body in art: A comparative study efthetic evaluation between

sculpture and real-human-body images

Artworks are typically intentionally designed by artist to express a meaning (Kapoula et al.,
2010). This meaning may be formally conveyed thiotige use of specific structural strategies so
to, for example, affect the perceptual weights led tost significant elements (Nodine, 1982;
Locher, 1996). The human form is unique in its gesince, through its structural properties, may

convey meanings that have behavioural and sodiahsa, possibly impelled by biological drives.

The attraction power of the human form was alresldgwn in one of the very first attempts to
investigate perception in art in the early thirtiglsing an eye tracking technique, Bushwell (1935)
presented participants with images of differentvarks and observed that, although the global
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scanning path was quite heterogeneous among pariisi, there was a general tendency to scan the
paintings using global and local strategies angboirtantly, to concentrate on high-contrast regions.

These regions included faces and human forms.

Of great interest has often been, in the studyhefiuman form, the face region, which has been
shown to be a strong catalyst of attention. In &ragt al. (2007), for example, subjects performed
smaller saccades when viewing geometrical patteitisan embedded face than when viewing the
geometrical forms alone. Smaller saccades werepimtied by the authors as indexing greater

attraction to the face.

The aesthetic value of a face may be strongly @&ssacwith its structural outline, as suggested in
studies showing the effect of symmetry on faceaativeness (e.g. Mealey et al., 1999; Penton-
Voak et al., 2001, Little & Jones, 2003; 2006).their study, Little & Jones (2003), for instance,
contrasted two different accounts for symmetry gnafice: the evolutionary advantage account and
the perceptual bias account, based on the perdefdaditation explanation for symmetry
preference. Their results favoured the evolutiorsalyantage account, suggesting a biological basis
for symmetry preference, as also shown by crogsi@ll agreement on the attractiveness of

symmetry (Rhodes et al., 2001b).

A strong perceptual force within an image is als@reed by the human body. In art, the
distinctiveness of the human form in perceptuamseris highlighted in studies showing, for
example, that contextual and semantic factors ataynportant role in preference given to artworks
with poor semantic values, such as landscapes lasidaat works, and to representational works
with high semantic values. These latter are prontlpeconstituted by portrays (Graham et al.,

2010).
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In contrast to the face region, little attentiors leeen devoted to the attractive power of the body
and to the aesthetic constituents associated tsitittractiveness. Some studies (Di Dio et al.,7200
2011) have shown that, in Classical art, the a@sthef the human body is strongly related to its
structural makeup that, in these masterpieces yhigdflects the structural properties of the real
body. Art, on average, possesses the same coorekttucture as natural objects (for a review, see
Simoncelli & Olshausen, 2001), which are shown hare fractal-like, scale-invariant statistical
properties (Redies et al., 2007). The human aestbeise may be then based on general principles
of perception that have been important during exatuof biological signals (Enquist & Arak,

1994).

On this basis, it was then interesting to evalwatether similar content depictions, belonging to
different categories (art and non-art), are aeisthlgt evaluated according to the same principles o
whether categorical differences lead to differeatcpptual and behavioural responses. This topic
was explored in the present study by investigatiegthetic responses to the human body, which
carries a strong biological inherent meaning. Thetleetic evaluation of the human body was
investigated presenting subjects, naive to aficism, with images representing Classical sculpture
images (art category) and images of real humanelofhiological non-art category). Aesthetic
judgment was assessed as a function of body proppwhich was shown to be strongly associated
with the aesthetic character of Classical sculgtuta Di Dio et al. (2007; 2011), in fact, a
controlled manipulation of the proportion betweady parts determined a systematic decrease in
the aesthetic evaluation of the presented stindinsidering that other parameters could be
associated with the beauty of these Masterpiedess iimportant to note that proportion
manipulation was not aimed at testing the effecpaportionper se Rather, it represented an
experimental opportunity to assess aesthetic vanstas a function of a quantifiable variable. On
this basis, in the present study we carried outiipenodifications of the body-proportion in both

stimulus categories (art, biological non art; segife 1 for an example of the stimuli).
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The perceptual component associated with the aesthaluation of the stimuli was studied using
the eye-tracking technique. Studies investigatittgnéion suggest that eye movements index overt
selection and, as a consequence, they are thessigeof the relation between what is observed
and its relevance to the viewer’s interest (Rizizbkt al., 1987; Palmer, 1999). In line with this
general idea, various studies investigated thé dieges of aesthetic experience of visual artworks
by exploring eye-movement behaviour (Locher, 199#)6). Some eye tracking measures, such as
fixation density, have indeed been shown to indthexdbservers’ interest in informative elements of

the image (see Nodine et al., 1993; Henderson &irdplorth, 1999).

In the present study, analysis of behavioural amdtecking data was aimed at elucidating whether
possible differences in aesthetic evaluations betvike two stimulus-categories could be attributed
to perceptual differences in identifying proportiand/or to attendance to some category-specific

salient aspects.

To maintain structural similarities across stimutasegories, all stimuli depicted male bodies. To
explore whether cross-gender attractiveness f@gmale subjects observing male figures) is affected
by stimulus category (ass. biological non-art) or whether similarities withgender (i.e., males
viewing male bodies) biased aesthetic judgment tdsvaone specific stimulus-category,

psychophysical responses were also analyzed astdu of gender.
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OBSERVATION

Figure 1. Example of stimuli used in this study
with a superimposed track of eye movements.
The lines indicate the looking pattern of one
single participant, whereas the blobs indicate the
areas attended the most averaged across all
participants. The dimension of the blobs depicts
the fixation time (ms) at each location. The top
images 4., b.) show the participant’s eye gaze
behaviour during observation task; the middle
images €., d.) during aesthetic judgment task;
the images at the bottora.(f.) during proportion
discrimination task.
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Experimental Procedure

Participants

Twenty-two healthy volunteers participated in thiigsdy (11 males, 11 females; mean age 24 years).
The subjects were undergraduate and graduate sitwstudents, naive to art criticism. All of
them had normal or corrected to normal vision. #libjects gave their informed consent to

participate in the study, which was approved bylibeal Ethics Committee (Parma).

Stimuli
In order to investigate differences in aesthet@l@ation of artvs. non-art stimuli, the subjects were
presented with images of Classical sculptures &8t -€ategory) and images of real human bodies

(HB — biological non-art category).

Original sculpture images were selected from Ctad®xamples that met the golden ratio criteria
(proportion torso: legs (T-L)=0.62+0.01 — canoni&aktimuli). The selected HB images also met
the golden ratio criteria (proportion torso: ledsL()=0.62+0.02 — canonical HB stimuli). Each of

the 28 sculpture images represented a differemptsra. The 28 HB images represented 8 different
athletes that were purposely photographed forekperiment by a professional photographer. The
athletes posed following specific poses shown bwa&nor according to the body postures depicted
in the sculpture images. Of all HB photographs makectures were selected, which best matched
the poses expressed by the sculptures. Accordidgtijfferent poses were selected for 5 different
athletes, 3 poses for 2 athletes, and 2 poses &hléte. All images were black and white and

represented only male bodies that were comparabtss categories in terms of body structure and

proportion.

A new set of stimuli was created from the origicationical one for both S and HB by altering the

torso:legs (T-L) ratio of the canonical images. §dhaew 2 sets of stimuli were thus identical to the
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canonical ones (in terms of factors such as contswing perspective, Colour and luminescence)
except for proportion. Within the modified stimule created two modification types: one type of
modification (M1) was made with short torso anddgdegs (modification range T-L=0.5-0.6),

whereas the second type of modification (M2) wasatgd with long torso and short legs
(modification range T-L=0.64-0.75). Within both Mdnd M2 modification-types, the stimuli

differed in the extent of their modification. Mospecifically, the T-L relation was modified for

each category as follows: 6 M1 and 6 M2 stimuli emeent a small-modification extent (0.57—
0.59; 0.64-0.66), 4 M1 and 4 M2 stimuli a mediumdifioation extent (0.54-0.56; 0.67-0.72) and
4 M1 and 4 M2 stimuli underwent a high-modificatiertent (0.51-0.53; 0.73-0.75). In total 56
images of sculptures (28 canonical and 28 modifaed) 56 HB images (28 canonical, 28 modified)

were created for the experiment.

Procedure

During the experiment, the subjects sat in a canet dimly lit room. The stimuli were presented on
a laptop screen in three different tasks: obseyuatD), aesthetic judgment (AJ) and proportion
discrimination (PD). During tasks performance, siibjects’ eye movements were recorded using
the eye-tracking technique (see Apparatus sectifye-gazing behaviour was recorded within each
task, so to highlight possible distinctive gaziragtprns associated with each task as a function of
stimulus categories and types. For this purposed®&pendent areas of interest (AOIs) were created
within each single image. The AOIs correspondetht Face area (including the face and neck
areas), the Left Hand area (including left arm hadd), the Right Hand area (including right arm
and hand), the Torso area (extending from the bbte neck down to the pelvis) and the Leg area
(including the pelvis and both legs). Fixation dima (ms) was taken as dependent measure within

each AOL.
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Subjects were blind to the aim of the experimenhao affect their spontaneous response to the
stimuli, particularly during observation task. Téeperimental tasks were explained in details step
by step throughout the experimental sessions. €nergl instructions provided at the beginning of
the experiment informed the subjects that they didddve seen images representing sculptures and
images of young athletes. Subjects were requiraeltex and explore the content of the image in

full.

The subjects carried out the observation task, fidtowed by the aesthetic judgment task and
proportion discrimination last. The task order waaintained fixed for all subjects to not affect
their attitude towards the observed images withviptes instructions. More specifically, during
observation task, we wanted to capture the mositapeous, cognitively unbiased, response to the
stimuli. Presenting either aesthetic or proportasks first would have biased the observation task
accordingly. Similarly, presenting PD before AJ Idothave possibly affected the subsequent
aesthetic rating of the images as a function of thert recognition of the stimuli

proportion/disproportion.

During aesthetic judgment task, the subjects hadtthe stimuli on a scale from 0 (very ugly) to
7 (very beautiful) by pressing the correspondingtdio on a computer keyboard. By using a
continuous scale, we aimed at increasing sensitivitthe aesthetic assessment of the stimuli. To
evaluate the subject’s ability to discriminate 8tenuli as a function of our manipulation of the
body proportion, during proportion discriminatiask, the subjects had to rate the proportion of the
stimuli on a dichotomous measure (0 — dispropoeiiprl — proportioned).

Each task was carried out in separate sessionswhibke experiment was therefore composed of 3
sessions. Each task/session was characterizedebgréisentation of 7 blocks of sculpture and 7

blocks of HB images. Each block contained 8 stirpelitaining to the same category (art and non
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art); the stimuli were presented, in a randomizetkg for 2000 ms once for each task. The blocks

were randomized within each session and acrose®sbj

Apparatus

A corneal reflection technique (Tobii x 50, Tobedhnology AB) was used to record the subjects’
eye-gaze direction on the basis of reflection & ttear infrared light on the cornea and pupil.
Subjects sat at a distance of 70 cm from the coengcer) screen. The eye-tracker was positioned
at 40 cm from the laptop screen. Since we had livesteappropriate instructions to the subjects
prior each task, calibration was made for eachesilgit the beginning of each experimental session
with the program Clearview2.7.1. The same softmages used for stimuli presentation and
behavioural data collection. Eye-movement data veerginuously sampled at 50 Hz, processed

offline using Clearview Excel templates and thepated to SPSS16.0 for statistical analysis.

Results

The results are divided into behavioural response®rded during aesthetic and proportion
discrimination tasks and eye-gazing behaviour predun all 3 experimental tasks (observation,
aesthetic judgment, proportion discrimination). Tiesults are presented in separate sections.
Results for the aesthetic judgments are presemtgtdféllowed by the results for the proportion

discrimination task. Results for the eye-trackiagedare presented last.

Behavioural Results - Aesthetic Judgment

In this analysis, we compared the behavioural scolgained for male and female subjects during
aesthetic judgment task in response to the canloaizh modified images for the two stimulus-
categories (S, HB). Table 1a (see Appendix) shossnamary of the obtained results and statistics.
Data analyses were carried out using repeated mesasyeneral linear models (GLM) and

Greenhouse-Geisser values are reported when tleigphassumption was violated (Mauchly's
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Test of Sphericity, p<0.05). Bonferroni correctiavas employed for all post-hoc multiple

comparisons.

Canonical vs. Modified: effect of modification degr

Within this analysis, we compared aesthetic judgmmatings obtained for the canonical sculpture
(SC) and canonical HB images (HBC) with their cep@nding modified versions, using gender as
between groups factor. The modified versions weeated with 3 modification degrees (small,
medium and high — see Stimuli section). Accordinglyepeated measures 2x4x2 analysis with 2
levels of image category (S, HB) and 4 levels ofiification degree (canonical -no modification-,
small, medium, high) as within subjects factors gadder as a between subjects factor was carried

out in order to measure the effect of image proporn aesthetic judgment.

Results showed a main effect of stimulus-categ@yHB; F1.~14.49, p=.001, partialr?=.42,
0=0.95; see Figure 2a), a main effect of modificatdegree K3 s~=13.9, p<.001, partialR2=.38,
0=1) and a significant modification-degree*gendeeiaction F3=13.9,p<.037, partialR?=.13,
0=.68; see Figure 2b). Tests of within subjects atffshowed that, independently of stimulus
category (S, HB), subjects rated canonical imagesha most beautiful and high-modification
degree images as the least beautiful, with sigmtidifferences in aesthetic rating between every
modification level (C>Msmall;F;,+6.3, p=.02, partialn?=.24, 6=.66), (Msmall>Mmedium,;
F120=13.6, p=.001, partialR2=.4, 6=.94), (Mmedium>Mhigh;F;,=11.2, p=.003, partialqR?=.36,

5=.89).

With respect to the interaction modification-dedgsnder, tests of within-subjects contrast
revealed that the source of interaction had todlaeched within the difference in aesthetic judgment

between canonical and small-modification degreegesafi 4.8, p<.04, partialn?=.19, 6=.54).
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Post-hoc comparisons were carried out to inve&tithe sources of these differences within gender.
Results showed that the difference in aesthetiogdbetween canonical and small-modification

degree stimuli was observed for female subjectg @nl1=8.6,p<.015, partialR?=.62,0=.75).

Canonical vs. Modified: effect of modification type
Within this repeated measures 2X3X2 analysis, wapared aesthetic judgment ratings for the
canonical sculpture and HB images with their cgroesling modified versions (C — no

modification -, M1, M2), using gender as betweeougss factor (see Figure 2c).

Results revealed a main effect of stimulus-cated®@yHB; F;,~9.73, p=.005, partialR?=.33,
0=.84), a main effect of stimulus-typé,(,=26.7, p<.001, partialR?=.57, d6=.1), a significant
interaction stim-type* gendeiF{ 45=6.9, p=.003, partialR2=.26, 6=.90), and a significant 3-way

interaction stim-cat* stim-type*gendeff4=4.8,p=.013, partialR?=.2,0=.77).

Differences of within-subjects contrasts testing $onple effects revealed a significant difference
in aesthetic judgment between C and M1 stimuluggyC>M1;F; »=5.8, p=.026, partialr?=.23,
0=.63), between C and M2 (C>ME; ,~=34.5,p<.001, partialr?=.63,0=1), as well as between M1
and M2 modification-types (M1>MZ; ,=43.2,p<.001, partialr?=.68,0=1). Additionally, simple
contrast analysis testing for the 2-way stimulysetygender interaction effect revealed a significant
gender interaction between canonical and both neatgtimulus-types images (C>ME; ,5=6.2,

p=.021, partialR?=.24,6=.66; C>M2:F; ,=9.02,p=.007, partialr?>=.31,6=.82)

Post-hoc comparisons testing for stimulus-type*g@enthteraction compared aesthetic ratings
observed for canonical stimuli with those ascriitedM1 and M2 modification-types, across

stimulus category (S, HB), independently for eaemdgr group. Results revealed a significant
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difference in aesthetic rating between C and MY dat the female subject$={,5~7.1, p=.024,
partialn?=.41,6=.99), as well as a significant difference betw€eand M2 stimulus-types in both
gender categories (females; 1=24.99, p=.011 partialq?2=.71, 6=.99; males:F;15~9.7, p=.011

partialn?=.42,06=.80).

Finally, simple contrast analysis testing for thev@y stim-cat*stim-type*gender interaction effect
revealed that the source of interaction was todaechied within the difference in aesthetic ratings
between M1 and M2 modification-typels; ,=7.9, p=.011 partialq?=.28,0=.76). Accordingly, we
carried out a 2x2 repeated measures analysis watith gender group with two levels of stimulus-
category (S, HB) and 2 levels of stimulus-type (WI2). With respect to female subjects, results
revealed a main effect of stimulus-type (M1>MR,;5~24.4,p=.001, partialR?=.71,0=.99) and a
stimulus-category*stimulus-type interactiofr; (5.8, p=.037, partialR?=.37, 6=.58). Post-hoc
comparisons testing for the interaction effect ed@@ a significant difference in aesthetic ratiog f
female subjects between M1 and M2 stimulus-typestlie sculpture images only (M1>M2,
F115/10.95,p=.008, partialR?=.52, 6=.85). As far as male subjects are concerned, x2eG&M
analysis revealed a main effect of stimulus-cated®>HB, F;15~8.13, p=.017, partialR2=.45,

0=.73) as well as a main effect stimulus-type (M1>3M2:~=13.3,p=.004, partialr?=.57,6=.91).

a. Category*Type b Degree*Gender C. Type*Gender
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Figure 2. Mean scores during aesthetic judgment taskafaanonical (C) and modified (M) sculpture (S -
green line) and real human body images (HB - bl |b. Effect of modification degree (canonical, small,
medium and high) on mean aesthetic judgment s@wes function of gender across stimulus category (S
HB). c. Effect of modification type (modified M1, modifiedl2) on mean aesthetic judgment scores as a
function of gender across stimulus category (S,.H#jor bars represent the standard error of thensie
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Behavioural Results - Proportion Discrimination task

Proportion rating was taken on a dichotomous meafirdisproportioned; 1=proportioned). Data
were analyzed as a function of visual discriminatising d-prime scores. The d-prime analysis is a
test of measurement sensitivity based on the stdizéa difference between proportion of false
alarms (modification present: no, modification d&te: yes) and proportion of correct responses /

hits (modification present: yes, modification degek yes).

Using this method, we calculated d-prime scores danction offalse alarms represented by

incorrectly identified modified images within tharmonical stimuli, relative thits, represented by

the modified images correctly identified within throdified stimuli, in both stimulus categories (S,
HB). Accordingly, 3 new indexes of visual discriration were calculated with respect to small,
medium and high modification-degrees, and 2 newxed with respect to modification-types (M1,
M2). Since each canonical stimulus underwent aiSpecodification, canonical stimuli were used
in association with their respective modificatidius, for example, d-score for small modification-
degree in M1 modification-type were calculated fribra relative modified set (M1small) and from

the canonical set they originated from (C_M1small).

These new indexes were then used in two indepermégetated measures ANOVAs (stimulus-
category, modification-degree/stimulus-type, gehder evaluate the subjects’ ability to detect
proportion modification of sculptures and HB. Index approximating O indicated poor
discrimination. The more negative the indexes,nioge accurate the identification of the modified

stimuli within the relative modified stimulus-sets.

The main results for PD task are summarized ind abl(see Appendix).
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Canonical vs. Modified: effect of modification degr
Within this 2x3x2 repeated measures analysis, wepeoed d-prime scores reflecting accuracy in
proportion identification for the modified sculpturand HB images (stimulus-category) as a

function of modification-degree (small, medium dmgh), using gender as between groups factor.

Results showed a main effect of modification-degosdy (F245=5.4, p=.009, partialR?=.21,
0=0.81). Tests of within subjects effect contrastevged that, independently of stimulus category
(S, HB) and gender, subjects discriminated moreirately modified images with high level of
modification compared to images with medium leeinedification (Mhigh>MmediumF; »+=4.8,
p=.04, partialq?=.2, 6=.55), and images with medium level of modificatescompared to images

with small modification-degree (Mmedium>Msma; ,=10.6,p=.004, partialR2=.35,06=.87).

Canonical vs. Modified: effect of modification type
Within this 2x2x2 repeated measures analysis, wepeoed d-prime scores reflecting accuracy in
proportion identification for the modified sculpturand HB images (stimulus-category) as a

function of modification-type (M1, M2), using gendes between groups factor.

Results showed an interaction effect between caye(®, HB) and stimulus-type (M1, M2;
F126=5.6, p=.029, partialr?=.22, 6=.61), as well as a significant 3-way category*tygender
interaction F;.5=7.39, p=.013, partialR?=.27, 6=.74). Post-hoc comparisons testing for
category*type interaction, independently of gendagwed that M1 modification-type was detected
less accurately compared to M2 modification-type goulpture imagesk{ »;=6, p=.023, partial-
n3=.22, 6=.65) and that M2 modified sculpture images wertected more accurately than M2

modified HB imagesK; »:=5.1,p=.035, partialR?=.19,5=.58).
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The 3-way interaction was explored examining tHati@ between discrimination accuracy for
stimulus-category and type within each gender grddgrordingly, two separate 2x2 repeated
measures analyses were carried out within eaclpgwith two levels of stimulus-category (S, HB)
and two level of stimulus-type (M1, M2). With respeo the male subjects, no significant
differences were observed, as indexed by the ldckignificant main and interaction effects
(p>.05). With respect to the female subjects, reseligaled a significant category*type interaction
(F110714.16, p=.004, partialR?=.59, 0=.92). Post-hoc comparisons revealed no significant
differences between stimulus-types within and betweategories. However, effect size indexes
associated with each comparison revealed that wiotte variance in discrimination accuracy
originated from the difference between M1 and Mihstus-types within the sculpture category
(SM2>SM1:F1154.25,p=.067, partialR2=.30,0=.46) as well as from greater accuracy in detecting
M2 stimulus-type in the sculpture compared to HBegary (SM2>HBM2:F; 1=4.17, p=.068,
partialn?=.29, 6=.46). Failure to reach significance in these st could be possibly due to the

small sample size, as suggested by low power irsdexe

Eye-gazing Results

Statistical analysis of the data was carried outtlfie canonical and modified sculpture and HB
images for each experimental task separately. Duket lack of data in more than half of trials, 5
subjects were excluded from the data analysis stha&c judgment and proportion discrimination

tasks and 6 participants were excluded from dadi#ysis in observation task.

The areas of interest (AOIs) were defined indepetigdor each image and corresponded to the

Face, Left Arm, Right Arm, Torso and Leg areas @exeduresection for details).

Statistical analysis was carried out using the ayefixation duration (ms) at any particular aréa o
interest. Since each AOI was of a different dimengie.g., the Face area being about 5 times
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smaller than the Leg area), fixation duration witkach AOI was corrected to the size of the areas
occupied in the image. The weight (gq) of each A@kwherefore calculated as a relation of mean
AOI size to 1/5 of the sum of all AOIs. For examptlee Face area occupied 10% of the whole

image, therefore the time exposure to the Facevaasanultiplied by g=(100%/5)/10%.

A repeated measures 2x2x5x2 factorial analysis (with 2 levels of image category (S, HB), 2
levels of image-type (C, M), and 5 levels of Areddnterest (Face, Left Arm, Right Arm, Torso
and Leg area) as within subjects factors and geaddbetween subjects factor was carried out
separately for observation, AJ and PD tasks. Postdomparisons were carried out to further
explore main effects and interaction effects uddapferroni p-corrected values for all multiple

comparisons.

A representative example of eye gazing behavioshasvn in Figure 1.

Observation task

A repeated measures 2x2x5 factorial analysis redealmain effect of Category (HB>S, MD=46
ms, S.E.=9.78F; 15=25.3p<.001, partialR2=.64,6=.99), a main effect of AOIR; ~9.66,p=.001,
partialn?=.41, 6=.97) as well as a significant 3-way interactiontegary*Type*AOl (F265~4.59,
p=.019, partialR?=.26, 6=.73). No gender differences in fixation duratiorerev found for

observation task.

With respect to the main effect of AOI, post-hoangarisons showed that, independently of
stimulus type and category, participants fixatetkr on the Torso area compared to all other areas
(Torso>Face: MD=46 ms, S.E.=9.7%8;.001; Torso>Left Arm: MD= 457 ms, S.E.=56.2%,.001;

Torso>Right Arm: MD=463 ms, S.E.=558:.001; Torso> Leg 375 ms, S.E.=49<.001).
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Additionally, post-hoc comparisons testing the 3rwateraction stimulus-type*category*AOl
revealed that the subjects attended longer to #te Bnd Torso areas of HB images compared to
sculpture images for both canonical (Face: MD=152 ®.E.=41,p=.002, Torso: MD=70 ms,
S.E.=11.8,p<.001) and modified stimulus-types (Face: MD=48 B84:.=17.5,p=.02; Torso:

MD=75 ms, S.E.=14.5<.001).

Aesthetic judgment task

A repeated measures 2x2x5x2 analysis revealed a efi@ct of Category (HB>S, MD=108 ms,
S.E.=35,F;1579.6, p=.007, partialR?=.39, 6=.93), a main effect of AOIF;=13.05, p<.001,
partialn?=.47,06=.99), a significant interaction AOI*stimulus-catey (F2~4.59,p=.019, partial-
n%=.26, 6=.73), a significant interaction AOI*stimulus-typ@»e=3.5, p=.004, partialr?=.19,
0=.84) as well as 3-way Category*type*AOIl interaati{F, 6=5.4, p=.01, partialq?=.27, 56=.81).

No gender differences in fixation duration wererfdu

Post-hoc comparisons were carried out to exploee rttain and interaction effects between
category, stimulus-type and fixation duration ay garticular area of interest. Exploring the main
effect of AOI, independently of stimulus categondaype, results showed that the most attended
areas were the Torso, followed by the Face areatibn duration between these two areas was not
significantly different p>.05). In contrast, significant differences wers@tyed between the Torso
and all other areas in the following order: TorseffLArm (MD=209 ms, S.E=43p=.02);
Torso>Right Arm (MD=315 ms, S.E.=55<.001); and Torso>Legs (MD=372 ms, S.E.=55,
p<.001). Finally, besides the Torso and the Facasarde most attended area was the Left Arm,
which was fixated significantly longer than botle tRight Arm (MD=106 ms, S.E.=18.p<.001),

and the Leg area (MD=163 ms, S.E.=36,001).
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Post-hoc comparisons analysing the interactiorceffetween AOI and stimulus-category showed
that, independently of stimulus type, participaimsated significantly longer on the Face and the
Left Arm areas of HB images compared to sculptumages (MD=227ms, S.E.=99%=.036;

MD=274ms, S.E.=48)<.001).

Post-hoc comparisons testing the interaction efiettveen AOI and stimulus-type further indicated
that, independently of stimulus-category, partinigdixated longer on the Torso and the Left Arm
areas of the canonical images than the Left Arm Boiso areas of their modified counterparts

(MD=123 ms, S.E.=4%=.02; MD=125 ms, S.E.=5p=.05, respectively).

Finally, the 3-way interaction between stimulusegatry, stimulus-type and AOI showed that
participants fixated longer on the Face and LeftnAareas when presented with canonical HB
images compared to canonical sculpture images (fMDe 160 ms, S.E.=63=.02; Left Hand:

MD= 432ms, SE=83<0.001).

Proportion discrimination task

A repeated measures 2x2x5x2 analysis showed a efgot of Category (HB>S, MD=46 ms,
S.E.=9.8/F11522.6,p<.001, partialr?=.6, 6=.99), a main effect of AOIF; =41, p<.001, partial-
n2=.73,4=1), and no effect of stimulus-typ@>.05). No gender differences in fixation duration

were found for PD task

Post-hoc comparisons exploring the main effect Gfl Aevealed that, independently of stimulus
category and type, participants fixated signifibaidnger on the Torso compared to all other AOls
(Torso>Face: MD=434 ms, S.E.=66<.001; Torso>Left Arm: MD=457 ms, S.E.=564%.001;

Torso>Right Arm: MD=463 ms, S.E.=558.001; Torso>Leg: MD=375 ms, S.E.=4%;.001).
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Discussion

Using the human body as stimulus, in this studyew@ored aesthetic evaluations of subjects, naive
to art criticism, when viewing an artwork compated biological non-art stimulus sharing similar
structural features. In particular, using the eweking technique, we assessed whether possible
differences in aesthetic judgments between antiartispresentation of the human body, as in
Classical sculptures (S), and images depicting hemhan bodies (HB) could be attributed to

perceptual differences and/or to attendance tgoagespecific salient features.

To address this issue, we manipulated the canositattural properties of the body in both
stimulus-categories (S, HB), namely the body propoy creating different degrees of modification
(small, medium, high) and two types of modificati@hort torso: long legs — M1; long torso: short
legs — M2). The results on the aesthetic ratingsh#o stimuli provided by the subjects during
aesthetic judgment task (AJ) are discussed in eggnt with their perceptual ability to recognize
proportion manipulation, which was evaluated dugngportion discrimination task (PD). Because
of the physical similarities, all stimuli (S and HBepicted only male bodies. The psychophysical

responses were then analyzed also as a functithe clubjects’ gender.

The results associated with the aesthetic judgrtesk revealed that, overall, sculpture stimuli
received higher aesthetic ratings than HB stin@he possible explanation for this finding is that
our ltalian subjects, although naive to art csticj were more familiar with Classical sculpture
images than with HB images. In this case, famiyanvould justify greater preference for

sculptures. An alternative explanation comes fragaraimaging results (Di Dio et al., 2011), in

which it was found that aesthetic judgment of stuukpimages, compared to HB images, activated
a specific sector of the right insula, its anteossadl sector, which is suggested to be involved in

integrating emotional and cognitive informationr(foreview, see Kurth et al., 2010). This binding
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would determine a specific hedonic feeling undamjig the aesthetic experience when viewing art

material, distinguishing it from that underpinniolgservation of non-art material.

The results for aesthetic judgment task furtheeaged that, in both stimulus-categories, canonical
images were generally rated aesthetically higheat ttheir modified versions. However,
independently of stimulus-category, fine differenae aesthetic ratings were observed between
gender groups in response to small modificatiomuii In fact, while females’ aesthetic ratings
significantly decreased after each level of stimutwdification (small, medium, high) with respect
to the canonical images, there was no differencaesthetic evaluation between the canonical
images and their small-modified versions for thdensaibjects. This interaction effect suggests that
males’ aesthetic appraisal of the stimuli was Iesssitive to subtle structural variations of the
modified body proportion. This effect can be expéal in terms of perceptual bias, as shown by our
data for the proportion discrimination task. PDutessshowed that, in general, subjects’ perceptual
ability to discriminate the modified stimuli decsea with increasing levels of modification.
However, females revealed to be better at recaggittiese manipulations compared to males, who
struggled identifying disproportion in small moddtion-type stimuli, reflecting the results

obtained for the aesthetic judgment task.

Aesthetic judgment results further showed thatepmhdently of category, females rated the
canonical stimuli higher than both M1 and M2 magition-type images. In contrast, differences in
aesthetic rating for males were observed only betweanonical and M2 stimulus-type. These
results suggest, once more, that females’ aestbetituation of the stimuli was generally more
sensible to structural modifications of the canahltuman form than males. Additionally, within

sculpture images only, females rated M1 stimulpetyaesthetically higher than M2

disproportioned stimuli. This difference can beiagaxplained in association with the results for

the proportion discrimination task, showing thamétes’ ability to recognize M1 modified
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sculpture images was much poorer than recognitioM® modified sculptures. Similarly, the
differences observed in aesthetic ratings betweehn aid M2 for males is consistent with
proportion discrimination results showing similaxcaracy to identify M1 and M2 disproportioned

stimuli in both stimulus-categories.

Congruence between data obtained in aesthetic jexdigtask and proportion discrimination task
within gender groups supports the general ideaaéstihetic evaluation of the human body relies on
its structural properties (canonical proportiomgependently of stimulus-category (art, biological
non art). Between-gender differences further ingidahat variations in aesthetic judgment were
based the subjects’ perceptual ability, with ferealeowing to be better at identifying disproportion
than males. In this respect, some studies haversifienvales’ preference for symmetrical patterns
in various species (e.g., Moller, 1992; 1993; Svadd Cuthill, 1994). Our data support the idea
that preference for symmetry may be sensory biasedhat females are generally better at
perceptual discrimination, possibly as a by-prodattan evolutionary requirement for mate

selection, as suggested in Enquist & Arak (1994;as0 Conway et al., 2008).

Our behavioural data also showed that aesthetignpedt of the stimuli was equally affected by
perceptual bias in both stimulus-categories, suggeshat the perception of structural variations
does not generally change when viewing a Classidatic representation of the human body or
images depicting a real human body. However, resudt aesthetic ratings showed a significant
difference between stimulus-categories that camaoexplained in perceptual terms alone. The
aesthetic evaluation of the human body, in facgsdoot merely reflect goodness of its visible
physical properties and one’s ability to recogntbem as shown by our behavioural data.
Perception of the human body also involves autarablogically driven processes, which guide
attention to aspects of the human form conveyintab®ural and social information. This idea is

supported by our results on eye-gazing behaviour.

75



In general, the analysis of eye movements revealsunilar gazing pattern during all three tasks
(observation, AJ, PD) for both stimulus categoriasthat subjects attended longer to the Torso
area. Average longer fixations on the Torso areg beareasonably justified by its position at the
centre of the screen that is subject to repeatggkrtions. Interestingly, however, during AJ task,
participants looked longer at Torso in canonicages than in their modified versions. This result
may be plausibly explained by the fact that immedi@entification of disproportion diverted
attention towards more appealing visible aspectthefimage. The tendency to get away from
aesthetically unpleasant visible features wouldireadly favour the cascade effect theory put
forward in Shimojo et al. (2003). This theory sustgethat a recursive process initiates when
attending preferred features within an image, wrach reinforced by a familiarity effect. More
specifically, pleasant detected aspects are canisly explored determining, in a recursive fashion,
a familiarity effect that reinforces the tendenay lbok at that particular aspect, ultimately
determining a cascade effect whereby preferencgnorced by familiarity. In this light, the Torso
area in our study was particularly explored in ttanonical stimuli, which were aesthetically
appraised higher than the modified versions. Isitim at the centre of the screen may have then

facilitated the cascade effect for the canonidgatgi compared to the modified ones.

Important differences in the exploration patterrivleen categories started emerging from the
analysis of the interaction effects. Our resultsvetd that, during AJ task, besides the Torso area,
the most fixated area was the face. Interestiragtgntion to the face was particularly pronounced
when judging the aesthetics of the biological nadnsamuli (HB) relative to the sculpture images
and, mainly, for the canonical stimuli, as opposedheir modified versions. Longer average
fixations on the face area for HB stimuli were afsond during observation task, suggesting,

altogether, that this effect reflects an autom@inzlency in natural settings.
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Prolonged examination of the face area in HB stimaly have a biological reason of its own. The
human face, in fact, represents an extremely imapbrtommunicative social cue. Faces convey
information about a person’s identity, sex, headimotional state, and attitude, all elements that
play a vital role in social interactions. In paui@r, behavioural studies of the aesthetic evalnati

of facial beauty revealed that the eye-gaze doaabf attended faces influences judgment of facial
attractiveness and that direct gaze to the facesmaral threat or indicate interpersonal attraction
(Aharon et al., 2001; Adams & Klerk, 2003; O’'Dohesdt al., 2003; Conway et al., 2008). In
accordance with this evidence, our data suggestHBaimages automatically evoked biological
responses that directed attention towards salispecs of social value that are also used by
individuals to appraise people’s attractivenessddcet al., 2006; Conway et al., 2008). Conway et
al. (2008), for example, showed that participa@sdnstrated stronger preferences for direct gaze
when judging the attractiveness of happy faces tfatisgusted faces, suggesting a salient role in
social interaction for the appraisal of an indiatistate. These data suggest that the face area
conveys a communicative meaning that has a soel@hge and that is plausibly most relevant

when presented with a biological human form.

Nonetheless, several studies have shown that teedeea is one of the most crucial elements of
attraction when viewing a human form also when ctepli in an artwork (e.g., Young et al., 1987,
Wallraven et al., 2009; Graham et al., 2010; AbBa®uchaine, 2008). Our data support the
hypothesis that the attraction effect exerted leyffite area is automatically evoked by biologically

driven responses in the viewer, directing attentawards salient aspects of social value.

Another interesting finding with respect to eye4ggzresults during AJ task relates to the great
attention devoted to the Arm area. This effect efsanced for the biological non-art stimuli (HB).
The Arm areas were not structurally manipulatedunexperiment. Therefore, aesthetic evaluation

cannot be ascribed to low-level visible featureshef stimuli but, rather, to attention for elements
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conveying behaviourally relevant information asated with the portrayed implicit action. The
most suitable explanation for this effect is pr@ddby the embodied theory of perception
(Freedberg & Gallese, 2007). The embodied theorypearception rests on the idea that the
observer's body plays a crucial role in the aesthevaluation of the stimuli. The physical
involvement occurs, according to this theory, viactranisms originating from a sensorimotor
processing of the stimuli evoking a motor resonandde beholder. In support of this hypothesis,
some studies have shown a selective activatioheofitotor system during the observation of static
images of human actions (Urgesi et al., 2006). Aaldally, results from more recent studies of
performing arts (Calvo-Merino et al., 2008; 201dyghtighted the role of the sensorimotor
component in the spontaneous aesthetic respordante. In these studies, increased activation of
the premotor cortex was in fact shown during theeobation of movements that received higher
aesthetic ratings. In our study, attention to tlmenArea was prevalent for the left arm. This effect
was most likely a by-product of the fact that i@ df HB images the Left Arm area most clearly

portrayed an implied action.

Finally, with respect to proportion discriminatidask (PD), we found no differences in gazing
behaviour for sculptures and HB images. These tesué not surprising since, during proportion
judgment, task requirements most probably droven&itin to the torso:leg relation that underwent
modification and that best cued body proportionboth stimulus-categories. Additionally, our

results on eye-gazing revealed no differences kmtweales and females in the exploration pattern
of the stimuli. This finding suggests that eye-ggzdoes not reflect differences in perceptual
abilities between genders, which was revealed foam behavioural data when evaluating the

aesthetics of the human body.
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Concluding considerations

On the whole, the results of this study favour idhesn that the aesthetic evaluation of the human
body reflects a perceptual bias towards its stratfphysical properties and is therefore subject to
the observers’ ability to detect these properfidss is true independently of whether the attended
stimulus is an artistic representation of the hurbady (as in Classical sculptures) or an image
depicting a real human body (biological non-antnstii). Additionally, our results suggest that other
mechanisms, besides those merely pertaining totirdevel coding of the visible physical aspects
of the body, are involved in the aesthetic evatratf the stimuli. These mechanisms appear to be
grounded on embodied processes, which would autcaligtdrive attention to aspects of the body
with social and behavioural relevance such as #me fand the represented action. These
mechanisms appear to play a role when evaluatmgeisthetics of artworks and, most prominently,
when viewing biological non-art stimuli, suggestthgt the aesthetic evaluation of the human form

has a strong biological drive.

2.2.2 Study 4 - A behavioural and eye-trackingdgtunvestigating the aesthetics of

representational paintings

The debate on the definition of the processes tbatribute to the surfacing of an aesthetic
experience is very controversial. Different thewadt frames emphasize on the involvement of
different processing levels in the building up of aesthetic experience, which are all likely to
contribute to the perception and judgment of thetheetics of an artwork (Leder et al., 2004;Locher

et al., 2010; Cupchik et al., 2009).

Given that aesthetic experience begins with a Viscen of the artwork, the multi-level interaction
between the various processes in an aesthetic iemperhas been also studied exploring eye

movement behaviour (Locher, 1996, 2006). Pioneermgestigations into visual exploratory
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behaviour of paintings (Buswell, 1935; Yarbus, 1P&iAd subsequent studies (e.g., Antes, 1974;
Mackworth and Morandi, 1967) revealed that obsender not explore the image at random, but
tend to focus on specific areas. For example, higttion densities into specific areas may reveal
the most informative elements undergoing the oles&revaluation (Henderson and Hollingworth,

1999).

The study of the processes involved in the aestleaqberience has mainly focused on the analysis
of the relation among the visual features of awamk (Hekkert and Leder, 2008). In this respect,
aesthetic experience appears to be influenced tprfa such as contrast (Ramachandran and
Hirstein, 1999), balance (Boselie ad Leeuwenbe®§5)], maximum effects with a minimum of
means and symmetry (Berlyne, 1971; Jacobsen anel,H6f02). Computational models of visual
exploration, using eye-tracking technique, havethir identified the low-level properties
responsible for drawing attention to specific areamterest, representing the most salient regions
of an image (Wallraven et al., 2009; Graham andi¢®010;Graham et al., 2010; LeMeur and
Chevet, 2010). For example, it was shown that cahoay contribute to one’s aesthetic experience
by enhancing the number of perceived elements mvithicomposition (Martindale and Moore,
1988), ultimately increasing image complexity aodtcibuting to the aesthetic appeal of the visual

stimuli (Berlyne, 1970; Zellner et al., 2010).

Another factor that may contribute to visual sademvithin a painting is dynamism. According to
Arnheim (1992) the recognition of some dynamic desl of the image is one of the most
important elements of the aesthetic experience.Wdnein which motion in art is represented was
explored by a study showing that one of the fewplgi@invariants in Western visual art is that
representing motion in garments. In these exampietipn perception is evoked by the adoption of

specific features such as orientation, curvatumd @mvergence of lines, which represent robust
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graphic elements that have survived, in the Westalire, across countries and centuries (Gori et

al., 2008).

While the visual features that make up the strattaomposition of a representational artwork
enhance the perceptual weight of the key elemertksnait, the goal of the visual exploration (task)
and the subjects’ motivation may affect the exglorapattern when appraising the aesthetic value
of an artwork (Berlyne, 1971; Jacobsen, 2006; Yarli967; Locher, 1995). The evidence that eye
movement patterns are affected by the task conms &tudies in humans on high-level scene
perception (Henderson and Hollingworth, 1999) a#l a® from visual aesthetic studies (Locher,
1996; Zangemeister et al., 1995). Locher and ogliea (1993), for example, showed that asking
participants to assess either complexity or pldagss of abstract dot patterns affected their Visua
exploratory behaviour. Zangemeister and collead895) also found that exploration pattern of
the same abstract and realistic artworks changddrasion of task requirements (no instruction,

remember content features for a recall task or @atnate on artistic aspects of the artworks).

Another factor which appears to affect visual betavduring the aesthetic appraisal of artworks is
the represented content (for example a human ftodrahe representation of a landscape). In
particular, it has been suggested that the expborgiattern of a painting representing a human
content may substantially diverge from that imposgdthe structural organization of artworks
characterized by visual patterns lacking human $offime structural composition of a painting may
indeed affect the perceptual weights of the mosammgful elements (Kapoula and colleagues,
2010; Locher, 1996 ;Nodine, 1982). However, thesgmnee of a human figure in a painting,
considered of a high semantic value, is shown longty affect gazing pattern transcending the
structural effect in artworks depicting, for examplandscapes or abstract figures (Graham et al.,

2010).
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In the present study we used eye-tracking techsidqaethe first stages of image scanning to
investigate the contributions of low and high levef processing in the aesthetic evaluation of
representational painting. The low processes lawatier investigation were Colour and dynamism,;

the higher order processing levels were the exparial task and the content of paintings.

Experimental Procedure

Participants

Forty-two Italian undergraduate students naiverteriticism (22 female, 20 male, mean age = 22
S.D. = 3.95, range = 19-44) took part in this stullyey gave their written informed consent to the
experimental procedure. They did not present visimorders that could interfere with the eye-
tracking technique. The study was approved by theal Ethic Committee (Universita Cattolica del

Sacro Cuore, Milan).

Visual Stimuli selection

Forty digital images of paintings, selected throagtreliminary behavioural study, were presented.

Forty stimuli were selected and categorized into tentent categories (human bewg nature)
representing, respectively, scenes including fglife humans or landscapes. Within each category,
the stimuli were further divided into static andhdynic. The following 4 sub-categories were used
for this study: 10 dynamic human images, 10 staiman images, 10 dynamic nature images, and
10 static nature images. A second set of stimuB whtained by digitally converting the Colour
images into black and white images. The Colour fication was carried out using a photo editing
computer program (Microsoft Office Picture Managefhe aspect ratio of the paintings was

preserved. Image sizes ranged from 495 x 818 to«7A38! pixels.
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Procedure and Task
The stimuli were presented in two experimental sastesthetic judgment (AJ) and movement
judgment (MJ). The order of these two tasks wasntmbalanced across participants. Eye-

movements were recorded using an eye-tracking tgebrmuring both tasks.

Eighty stimuli (40 in the original Colour versiom@ 40 in the modified black and white version)
were presented on a computer screen in a randoroizisl. The presentation of the stimuli used
during the eye-tracking session was created usieag bbii Studio 1.3 software (Tobii Technology
AB). Each trial began with the presentation of ated black cross on a white background for 1
second, followed by the presentation of the stimullbat lasted 3 seconds. Then, a question
appeared. Volunteers were instructed to answdradask-related question by using the PC mouse.

When the answer was given, the new trial started.

Participants were seated at a desk in a quite rabm,distance of approximately 70 cm from the
monitor. They were told that they would be showsedes of paintings on the computer monitor
while their eye-position was recorded. They weneedsto answer a question on a 7-point Likert
scale after the vision of each stimulus. The qoastvas presented both at the beginning of each
task and each time the answer was to be given. Egekracker registration session lasted
approximately 10 minutes. An initial calibrationt{gan was displayed to the participant before

running both the eye-tracker sessions (AJ and kkkja

Eye-Tracking data acquisition

Eye position was recorded using a Tobii Eye-Tracke?20 set on the desk in front of the subject,
between the subject and the monitor. The X120 Eyeker is a stand-alone eye tracking unit that
uses an infra-red based system for capturing tefles of the pupil and cornea in order to sample

eye-position every 1/120 of a second. The systesmdarate to less than 0.5 degrees.
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Data were processed by the software through pregeeaggregation level3he fixations within a
spatial proximity of 50 pixels determined the cr@atof clusters (see Figure 1). The cluster number
represents the temporal order in which clusterewenerated by the aggregation of fixations from
each trial. Data were normalized with respect ®tttal area of images and of the size of clusters.
The eye-movement indicators processed by the sedtWBobii Studio 1.3) were fixations and
observations. Fixations occur when a target featdrenterest is positioned on the fovea for a
variable period of time (averaging about 300 ms fpation); observations occur each time a
specific cluster is entered and exited. The datathmse two eye-movements indicators were

collected both in terms of number and duration.

Figure 1. Examples of
cluster distributions across
Colour human and nature
stimuli. On the left are
dynamic images, on the
right are static images.

DUDO3C_Cluster 7
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Global pattern analysisAnalyses of eye-tracking data were firstly catrieut within the total

number of clusters formed in the paintings, coroesiing to the sum of all clustered areas. For this
purpose two indexes were created: 1) the total murobfixations per image, obtained by summing
the number of fixations recorded for each clus?@rthe mean duration of a fixation, obtained by

dividing the total duration of fixations by the abhumber of fixations.

Cluster analysisGazing behaviour within each cluster was analy&wdce the minimum number
of clusters built across all images was 4 (ran@®y-only the first 4 clusters (Regions of Interest
ROI) formed in temporal order of exploration werensidered for the cluster analysis. The

variables measured in this analysis are describdalble 1.

Table 1 Description of the variables used for the clustaalysis and the relative ascribed behavioratpnéation

Measure Description* Interpretation

Time to first fixation. Time in seconds from when th Used within the first formec
stimulus was shown until the stg cluster, it indexes the attractign
of the first fixation within thel power/saliency of the content of
cluster. that particular cluster. The more
framed the image (expected
content), the longer the time to first

fixation.
Fixation number. The number of the fixations withiRRichness of details.
a cluster.
Fixation duration. The length of the fixation duratio| Salience/relevance of the content
in seconds within a cluster.
Observation number and duration. Number and duraifovisits to a| Capacity of a cluster to captufe
cluster. attention; Salience/relevance of the

content with respect to the other
clusters // to the task.

* As reported in the Tobii Studio 1.X — User Manwall.0 (Tobii, 2008, pp. 82-86)

Latent Class Analysid.atent class analysis (LCA) models containing dmeugh 4 classes were

fitted to the data using the 3.0 version of theeb&atGOLD software (Vermunt and Magidson,
2000). Latent class analysis (LCA) is a framewodsdd of probabilistic notions and Bayes'
theorem. It aims at defining groups of subjectstlom basis of the probability that each subject

belongs to a specific group, investigating assamiat among a set of variables. This statistical
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method is particularly useful and powerful becaiisgoes not rely on the traditional modelling
assumptions and is therefore less subject to basssciated with non-parametric data (Magdson
and Vermunt, 2002). The rationale for LCA is thia¢ tobserved distance between subjects with
respect to a specific set of variables is redugethb identification o classes, which maximize

the internal homogeneity as well as the inter-cletsrogeneity.

Experimental aims

The present study aimed at answering the follow&sgarch questions:

1) How do dynamism and Colour affect image explorapattern (dynamies. static; Colourvs.
black and white)?

2) Is there a specific exploration pattern assediatith image content (humas. nature)?

3) How do sensory-driven bottom-up and contentteeldop-down processes interact affecting the
exploration pattern?

4) Is there a difference in exploration patternwastn the types of task (aesthetic judgmest

movement judgment) and is it correlated with theetpf judgment expressed?

Results

Behavioural analysis

A 2x2x2 General Linear Model (GLM) analysis on tiehavioural ratings with 2 levels of stimulus
Content (human [HYs. nature [N]), 2 levels of stimulus Dynamism (dynarfid] vs.static [S]) and

2 levels of stimulus Colour (colour [@k.black & white [BW]) was carried out within the taskf

aesthetic judgment (AJ) and movement judgment @épnrately.

As far as AJ task is concerned, results revealadia effect of DynamismH(; 41)= 10.453;p < .01,
n°=.20,0 = .88; D>S) and a main effect of ColoWf(41)= 42.229;p < .001,5°= .51,6 = .99;

C>BW). A significant interaction between DynamisndaColour was also foundF 41y= 9.037;p
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< .01,7°= .18,5 = .84; DC>SC) indicating that the significant diface between dynamic and
static image ratings persisted only in the Colaundition. Additionally a 3 levels interaction was
observed between Content, Colour and Dynamidfy 4()= 10.984;p < .01,7*=.21,6 = .90;
HDBW> HSBW). More specifically, in the Colour cotidn, nature images received a higher AJ in
the dynamic condition than in the static conditi@imgure 2a); likewise, nature dynamic images
were preferred over human dynamic images. In thekbhnd white condition (Figure 2b) both these

differences disappeared.

Color (AJ) Black&White (AJ)

4,60 3,70

4,40 3,65 - N
3,60

4.2

20 3,55

4,00 .

/ e===Dynamic 3,50 e===Dynamic

3,45 .

3,80 e Static e Static
3,40

3,60
3,35

3,40 - 330

3,20 3,25

Human Nature Human Nature

Figure 2. Aesthetic ratings in Content x DynamismOn the left is the Colour conditioa)( on the right is
the Black and Whitel) condition.

With reference to MJ task, results showed a maicebf ContentF 41y= 20.275;p < .001,5°=
33,0 =.99; N>H), a main effect of Dynamisri({ 41)= 271.033p < .001,7°= .87,6 = .99; D>S) -
confirming our prior stimulus selection - as wedlan interaction between these 2 factors. Post-hoc
analyses revealed that the magnitude of the difterdetween human and nature in static images
(AM=.877,F1 41y= 41.969;p = .000,7°= .51, = .99; NS>US) was greater than the magnitude of
the difference between human and nature in dynamages AM=.388, F(1 41y= 4.586;p = .038,7°

=.10,0 = .56; ND>UD), although both of them were significa

87



Eye-tracking global pattern analysis

Number of clustersA univariate GLM analysis was conducted on the neimé eye-fixation
clusters as dependent variable with Content (hufHarvs. nature [N]), Dynamism (dynamic [D]
vs. static [S]), Colour (Colour [C¥s.black and white [BW]) and Judgment task (aesthjaigment
[AJ] vs. movement judgment [MJ]) as independent variabAasspecified in the Methods section,
the clusters were automatically built by the softwvén relation to the distance between eye-

fixations (50 pixels)

Results revealed a main effect of Contént {44y= 25.779;p < .001,7°= .15,6 = .99; H<N) and a
main effect of DynamismF(; 144)= 4.101;p < .05,;72 = .03,0 = .52; D<S). More specifically, the
number of clusters was smaller in human than imneaimages and in dynamic than in static

images.

An interaction between these 2 factors (Content@yramism) was also foundF g 144y= 9.138;p

< .01,7%= .06, = .85). Post-hoc analyses revealed that dynamigési@resented significantly
fewer clusters than static images only in natunateat stimuli E¢ 142= 12.741;p < .001,°= .08,

0 = .94; DN<SN) whereas no significant differenceshe number of clusters were found between
dynamic and static images in the human-content uditinfFurthermore, the effect of Content
persisted only in the static conditioR( 144y= 32.806;p < .001,;72: 19,0 = .99; NS>HS). In fact,
the result did not show any significant differennethe number of clusters between human and

nature condition in the dynamic images.

No interaction effects were observed between anljefariables and Task-type.

Total number of fixations anfixation mean durationA 2x2x2x2 GLM was carried out on total

number of fixations and mean duration of a fixatwith 2 levels of stimulus Content (human [H]
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vs. nature [N]), 2 levels of stimulus Dynamism (dynanfD] vs. static [S]), 2 levels of stimulus
Colour (Colour [C]vs. black and white [BW]) and 2 levels of Judgmenktésesthetic judgment

[AJ] vs.movement judgment [MJ]).

Results relative to the total number of eye-fixaticevealed a main effect of ContefRti(a1)=
291.813;p < .001,5°= .88, = 1.00; H<N) and a main effect of Dynamiski(s1)= 256.800;p <
.001,7%= .86,6 = 1.00; S<D). We found a lower number of fixatianghe human-content as well

as in static images than in nature and dynamicuitim

Additionally, a significant interaction between Gemt and Dynamism was founB{ 41)= 116.456;

p < .001,7%= .74, = 1.00). In human-content stimuli, static imagesrted a total number of
fixations significantly lower than the dynamic inesgf 41)= 283.669p < .001,7*= .87,6 = 1.00;
HS<HD) (Figure 3a). Likewise, in nature-contentrstli, static images counted a total number of
fixations significantly lower than dynamic imageshich remained always higher than the
corresponding values in the human-content conditigna.)= 10.491;p < .01,#°= .20,0 = .86;
NS<ND). A significant interaction between Dynamismd Colour was further found~ 1) =
5.030;p < .05,4° = .11, = .60). The difference in the number of fixatiorstveeen Colour and
black and white images was observed only for dynatimuli, disappearing for the static images

(F 41= 8.886:p < .01,7°= .18,6 = .83; CD > BWD) (Figure 3b).
(141)

8,00 7.40
7,20
7.00

6,80
e===Dynamic 6.60 *Color

o— lac M
Static 6.40 Black & White

6,20 -

6,00

5.00 4 T 5,80
Human Nature Dynamic Static

Figure 3. Total number of fixations ina) Content x Dynamism andb Dynamism x Colour interactions
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Finally a significant interaction between Task &@wlour was foundR 41)= 5.711;p < .05,7° =
12,6 = .65). During AJ task the number of fixations veagnificantly higher for the Colour images
than for the black and white imageSi(41)= 10.112;p < .01,#%=.20,6 = .87; CAJ > BWAJ)
whereas no difference was found in the numben@itibns between Colour and black and white

images during MJ task.

Considering the mean duration of a single-eye-fxatper image, the observed results were
complementary to the results described above orotiaé number of fixations. In fact, significant
main effects were found for stimulus ContefRg (1)= 125.805;p < .001,;72: 75,0 = 1.00; H>N)
and stimulus DynamisnF(; 41)= 156.831;p < .001,7%= .80,6 = 1.00) S>D). Specifically, eye-
fixation was on average longer on human-contengesahan on nature-content images and on

static images than on dynamic images.

Additionally, significant interactions were foundtiveen Content and Dynamism; (k)= 162.855;

p <.001,n”=.80,5 = 1.00) as well as between Dynamism and Judgtaskt(F; 41)= 14.402; p <
.001,1? = .26,5 = .96). In particular, a significant difference rynamism was observed only for
human-content stimuli, where static human image®weserved on average with longer fixations
than dynamic images @F1)= 197.753; p < .00Iy? = .83,8 = 1.00; HS>HD). On the other hand,
there was no difference between static and dynaratare-content images. A further post-hoc
analysis revealed that mean fixation was signifigalonger for the dynamic images in MJ task

than in AJ task (frs1)= 10.011; p < .01y = .20,5 = .87; MID>AJD).

Eye-tracking cluster analysis
As specified in Methods session, analyses werdecaout considering only the first 4 clusters
(ROIs) formed in temporal order of exploration, ahicorresponded to the minimum number of

clusters present in all images.
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ROI analysis was carried out on the 4 first clust@sing 2x2x2x2 GLM models with 2 levels of
stimulus Content (human [HE.nature [N]), 2 levels of stimulus Dynamism (dynarfid] vs. static
[S]), 2 levels of stimulus Colour (Colour [@E. black and white [BW]) and 2 levels of Judgment

task (aesthetic judgment [A¥$. movement judgment [MJ]).

Cluster size Table 2 (see Appendix) shows clusters size amaetibn of the percentage of area

covered with respect to the total area of the image

Results showed a main effect of stimulus Contepta¢n = 14.773;p < .001,n° = .30,5 = 1.00;
N>H): ROIs extension was significantly greater i@ure-content images than in human-content

paintings.

Number and duration of fixations and observatid®®l analysis was carried out within each of the
4 first ROIs considering the following indexes: @éno first fixation, fixation number and duration,

observation number and duration.

In ROI 1, 2 and 3 results showed a main effectioftdus Content (H>N): in all the three ROls the
fixations number and duration as well as the ola@ms number were always higher in human-
content than in nature-content images. Additionallynain effect of Dynamism was also found for
the first three ROIs (S>D). However, while in ROfidations and observation number and duration
were higher in static images than in dynamic imatesse effects reversed in ROI 2 and 3 (D>S).
A similar trend was observed for the factor ColouROI 1 and 3 only with respect to fixation and
observation duration. In fact, in ROI 1 we fountbager duration of fixations and observations in
black and white images than in Colour images; ¢fiisct reversed in ROI 3. A higher number of

fixations in black and white images than Colourgesiin ROI 1 was also found.
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As far as the time-to-first-fixation is concernedsults showed a main effect of Content: the time
necessary to enter into the first cluster was lomgéuman-content than in nature-content stimuli

(Fa 41)= 32.475p < .001,n° = .44,8 = 1.00; H>N).

Finally, results revealed that in the consideresstelrs, Judgment task affected observation number
but not fixation indexes. Specifically, results sleal a main effect of Task (AJ>MJ) in the
observations number in ROIs B{41)= 8.080;p < 01,7%=.17,6=.79) and 3K@ 41)= 7.036;p <

.05,7° = .15,6 = .74).

Interaction analyses for each considered ROI aladive statistic values are summarized in Table 3

(see Appendix).

Content*DynamismA Significant interaction was found between Contantl Dynamism in the

first three ROIs. Also in this case the effectlod interaction reversed from ROI 1 to the other two
ROIs. In fact, in ROI 1 the number and duratioffixditions was higher in human static images than
in human dynamic images, while in ROIs 2 and 3 dheslexes were higher in human dynamic

images than in human static images.

Content*Colour. Significant interactions were found between Contand Colour. Specifically,

results revealed that, in ROI 1, black and whitages received a higher number of fixations than
Colour paintings only in nature-content and ndatuman-content images. Conversely, in ROI 2, the
number of fixations and the duration of fixationeres higher in Colour images than in black and

white images only in human-content and not in reattontent stimuli.

Dynamism*Colour.Significant interactions were found between Dynamiand Colour. More

specifically, in ROI 1, black and white images skeowonger fixation duration than Colour images
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only for dynamic paintings. On the contrary, in RB)Ifixation number was higher in Colour than

in black and white images, again only in dynamimsti (and not in static stimuli).

Judgment*ContentSignificant interactions were found between Contamd Task only in ROI 1
(F1 a1 = 8.104;p < .01,5#% = 17,6 = .79). The number of fixations was higher during #han

during MJ task in human-content images only.

Judgment*Dynamism Significant interactions were found between Dyisaim and Task. In
particular, in ROI 1, static images were observéith wore £ 41y= 10.612;p < .01,;72 =.21,0 =
.89) and longerK 41y = 14.863;p < .001,7% = .27,6 = .96) fixations during AJ than during MJ
task. Conversely, dynamic images were observed harttger fixations during MJ than during AJ
task € 41y = 36.803;p < .001,7% = .47,6 = 1.00). Influence of movement on AJ task during th
exploration of dynamic images was observed alsdrfot 2 in terms of moreH(; 41y = 6.287;p <
.05,5% = .13, = .69) and longer fixationd=(, 41y = 13.434p <.01,7#% = .25,6 = .95) than in static

images.

Content Analysis and Latent Class Analysis (LCA)

Focusing only on human-content paintings, an armsalyss carried out on content of each ROI
which was defined on the basis of a qualitativecdpson of the portion of the body bounded by
the ROI considered (face, limbs, trunk or mixedteah — face+limbs or face+trunk —, not on

human body). Results showed that the face areahedsst clustered area (ROI 1) in the 61,3% of
the cases; this value rose to 92.6% if also consigiehe content of ROI 2. Additionally, results

revealed that the content mostly portrayed in thmaining 3 ROIs represented the limbs, on

average, in 46% of the cases.

We carried out a latent class analysis (see Expgatiah Procedure for details) based on the
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variables Dynamism (statis. dynamic) and Judgment task (aesthedianovement) to identify the
presence of content-driven exploration patternssiciaming the first four ROIs on human-content
paintings. In other words, we intended to verife thresence of different explorative approaches
focusing attention on the specific contents of hinenan body portrayed in the first four ROIs. In
particular, LCA was fitted to the first four ROlsments, which could vary between face, limbs,

body and mixed contents (limbs+face or limbs+trunk)

In the first LCA the independent variable Dynamigdynamic vs. static) was used as active
covariate. Active covariates are predictors of firebability to belong to the latent classes.
Considering the unexplained amount of the associahmong the variables {L and the
explanative parsimony as selection criteria of iti@del, the best model was given by the 2-class
model (1>=213.539 p=1, Npar =34). Thé Ralues indicated that only the variance of thst fiwo
indicators (image clusters) was significantly expda by this 2-class model. In particular the model
explained 22% and 31% of the variance respectivethe first and the second ROI. The covariate
Dynamism significantly predicted the 2-class distiion. In fact, 73% of static images showed the
predominance of face as content of the ROI 1, witlonditional probability (CP) equal to .71. This
was followed by limbs as content of the ROI 2 (G5 Eighty % of dynamic images showed an
homogeneous distribution of choice among limbs (@B body (CP=.31) and mixed content

(CP=.29) for the ROI 1, and a predominant choicenisded content (CP=.61) for the ROI 2.

A LCA with the independent variable Judgment tas#stheticvs. movement judgment) as active

covariate did not show any significant effect agtpredictor.

Correlation Analysis
Correlations were carried out between aesthetim@rement behavioural ratings and eye-tracking

variables. Significant correlations were found owiyh respect to clusters covering the face area in
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human images. In particular, correlations were nteskbetween movement rating and number and
duration of fixations (r=.309<.05; r=.324p<.05, respectively) and between movement rating and
duration of observation (r=.415, p<.01l). The highleese indexes, the greater the movement

evaluation.

Discussion

The main aim of this study was to investigate how bBnd high-order factors may affect gazing

behaviour while subjects’ appraised the aesthetcgl gave a dynamism judgment of

representational paintings. More specifically, weveistigated exploration pattern during the

observation of artworks presented in a colour amdh iblack and white version (Colour) and

categorized as dynamic or static (Dynamism) — level sensory-driven processes. Images of
paintings represented natural environments or husn@fects (Content) and were displayed under
aesthetic and movement judgment tasks (Task) -ehiglvel processes. For simplicity, the effects
of sensory-driven processes (colour and dynamismgye gazing behaviour in relation to the

higher-level variables (content and task-type)dseussed in separate sections.

Behavioural data

Behavioural results obtained during the aesthetilginent task revealed that dynamic and colour
images were preferred, respectively, to static esagnd black and white images. However,
interaction analyses showed that the aesthetimgatif dynamic nature paintings dropped

appreciably in the absence of information aboutowol These results suggests that colour
potentiates the aesthetic effect of dynamic imdxyegossibly enriching the picture with perceptual

details (increased image complexity). This ideaniBne with Zellner et al. (2010), who suggested

that colour, as a low-level saliency element, cacrdase the complexity of visual stimuli by

enhancing the number of perceived elements, uléiypatontributing to aesthetic experience (see
also Berlyne, 1970). This effect was not obsenaechtiman-content stimuli. In fact, preference for

dynamic human images was not affected by informatonveyed by colour, suggesting that
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aesthetic evaluation of images depicting humanestbjmay be guided by factors other than those
associated with low-level visual processing, agshe case of nature-content stimuli. A deeper

understanding of this latter observation comes foumeye-tracking results.

Eye tracking data

Effect of low-level sensory-driven and high-levattent-related processes

Eye-tracking analysis was based on several measweter of clusters formed within the image,
total number and mean duration of fixations witthie image and within each cluster, number of

observations within clusters and time to first fiza.

The results showed that images showing human-costenuli guided visual exploration of fewer

precise areas than static nature images, in whictukis observation counted a greater number of
clusters. The attraction exerted by human-contaaiges on a small number of informative areas
was independent of dynamism, while nature-contemusi attracted attention to few specific areas
only in the case of dynamic images. In other wondgges depicting a human content held defined
elements of attraction (attractors) compared wakure images, in which attention was directed
towards a greater and more variable number of pateitractors. Since the number of attractors in
human-content paintings did not change as a fumcia@ynamism, it is likely that, in these stimuli,

attractors were common in dynamic and static imagessibly sharing similar relevant features. In
particular, the lack of influence of dynamism whidserving human-content paintings likely

betrays the fact that a human body always implresainsic and natural dynamism. On the other
hand, nature content is more susceptible to lowteisually-driven processes. In fact, in static

nature images, the greater number of clusters wbdesuggests that participants continued to
explore the images in search of attractors thatthenother hand, were more readily found in
dynamic nature images, that probably, becauseedf dwn dynamism, presented more attractive

low-level features (Arnheim, 1992).
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These results are in accord with data relativeheortumber of total fixations across paintings as
well as cluster size. As far as fixations are comed, dynamic and colour images revealed a greater
amount of perceived details than static and blackwahite paintings, as shown by a higher number
of fixations. The smaller mean cluster size obsgifee human than nature paintings, on the other
hand, indicates that attractors in human imagesucag attention on specific narrower areas than
nature images and suggests, once more, that hunzges contained presumably more meaningful

elements than nature images.

In line with this idea, the analysis of the firbrée clusters formed within paintings containing a
human form revealed more and longer fixations caegbéo nature images. Additionally, greater
eye-gaze returns to these clusters in human imeag#em the informative value of their content

with respect to the task.

The human frame orients participants toward predeted attractors, namely the presence of a
human figure in the picture drives the search fotgof the body. Automatic search for parts of the
body with social and behavioural salience, sucthadace and the arm areas, is likely driven by a
motor resonance mechanism in the viewer (see emthdtieory of perception in Freedberg and
Gallese, 2007). This automatic search may therctaffee time necessary to spatially identify the
expected elements, as shown by data obtained framto-first-fixation index. The time used to

make the first fixation into the first cluster was fact, longer in human images, where the expecte
content is framed, than in nature images, whergthential attractors may vary into a wider range
of undefined elements. In other terms, in a pictiepicting natural environments, any element

represents a potential attractor that requireseictsmn.

In dynamic human-content paintings, the most saledements inspected were the body parts.

Results of the latent class analysis (LCA) revedieat 80% of dynamic images showed an
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homogeneous distribution of inspections among limtedy and mixed content (limbs+face,
limbs+body) as the first attended area. In otherd&oindynamicimages attraction was exerted by

body parts portraying action (see Figure 4).

Figure 4. Heat map visualization of the gaze behavior for &aar€olour imagesOn the left is a dynamic
image, on the right is a static image. The redigradndicates portions of the image observed leyttitality
of the sample.

Interestingly, the results of the latent class gsial (LCA) also showed an initial attention to the
face region in 73% of thetatic images. This finding is not surprising. Severaidgs, in fact,

showed that face is the first part of the body teadcanned in portraits (Wallraven et al., 2009)
activating a configural visual encoding, insteadha more common analysis of individual features
(Graham et al., 2010; Abbas and Duchaine, 2008nyat alt, 1987). Attraction to face within an

image is possibly guided by automatic biologicavels, given that the face represents an extremely
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important social cue (Aharon et al., 2001; Adams kileck, 2003; O’Doherty et al., 2003).

Effect of low-level sensory-driven and high-leesktrelated processes

A further research aim was to investigate diffeemnbetween exploration patterns as a function of
task-type (aesthetic judgment — AJvs. movement judgment — MJ) and whether each specific
exploration pattern is associated with the outguhe expressed judgment (i.e., beautifslugly;

dynamicvs. static).

With respect to the sole effect of task-relatedcpsses on the general exploration pattern, results
associated with the number of clusters formed withie images showed that judgment tasks did
not significantly affect the participants’ explakes pattern. Similarly, LCA analysis showed that

the attended areas (with respect to human-contéyt were the same independently of whether the

participants were assessing the aesthetics orythenacs of the paintings.

During movement judgment task, cluster 1 of stahages required fewer and shorter fixations
than during aesthetic judgment task where, additipnparticipants returned more often on cluster
1 and 3 compared to movement judgment task. Thidtrendicates that these portions of the image,
which were among the most salient in terms of gameed content (see above), needed to be re-
explored for the ascription of an aesthetic evamatin other words, the identification of cues
revealing dynamism were more readily recognized pratessed during movement task than
during aesthetic task, in which the identificatioh elements useful for an aesthetic assessment
involved more explicit and evaluative processes.

Effects of sensory-driven bottom-up processes @oextion pattern were observed as a function
of task-type. More specifically, we found that amlamages received a greater total number of
fixations across clusters than black and white Bsam aesthetic judgment task, whereas no

differences were observed in movement judgment tEs& capability of colour to enrich the image
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of details, as already stressed in our discussmmvey probably influenced participants’ need for
more fixations to evaluate the images aestheticaltiditionally, shorter mean fixation durations
for dynamic than for static images during aesthgtdgment task indicate that the presence of
dynamic elements allowed a faster aesthetic assegsihese results suggest that image dynamism
facilitated the expression of an aesthetic judgmEmtation duration was on average longer for
dynamic images during movement judgment than duaesthetic judgment task, indicating, not
surprisingly, that dynamic images were more sigaift in terms of task fulfilment. On the whole,
these data suggest that task-related processestedfiexploration pattern and that attraction exkerte

by sensory-driven processes was functional toutignient of the task.

With respect to our second question, namely whetlptoration pattern was associated with the
expressed judgment, correlation analyses betweenvénious eye-tracking measures and the
participants’ behavioural ratings hardly produced association. In other words, eye-gazing
patterns were not predictive of either aesthetiecnovement assessment of the observed stimuli.
This lack of correlation is coherent with the résudy Heidenreich and Turano (2011) that did not
show any significant link between participants’ taesic judgments of the paintings and fixation
durations or viewing time. The only noteworthy ebation was found within movement judgment

task, specifically for the face area of static colouman—content paintings.

In particular, a relation was found between dynamivaluation and number and duration of
fixations and observations within the face areae Tigher these indexes, the greater the dynamism
evaluation. This interaction effect suggests thatathism assessment of static images portraying
human figures relied on information conveyed byoaol Most likely, similarly to what happened
with nature images, colour enhanced content detial§ in the case of the face region, can be
translated in a more effective representation @f fdcce expression. This information possibly

helped participants to assess stimulus-dynamisnmwhacked dynamic-relevant elements, such as
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portrayed actions. In the absence of informatioaualaction (as in static images), participants’
attention was directed toward a socially salieetrant, i.e. the face area, in which the amount of

detail cuing movement was better defined whenrege was presented in a colour format.

Concluding considerations

The relationship between the processes involvatieraesthetic evaluation of a painting seems to
stem from the salience of the content represeMéiten nature-content is represented, processes
mediated by low-level visual elements such as eploomplexity and visual dynamism, appear to
preferentially affect gazing behaviour. On the othand, when the represented content includes a
human subject, gazing is strongly affected by tlnadn figure and, in particular, by those elements
of the human form that convey behaviourally saliefdrmation. In static images, these elements
converge into the face region; in dynamic images,most attended regions are those portraying an
implicit action. These results would support thebedied theory of perception, which rests on the
automatic activation of resonance mechanisms iwvitheers. These mechanisms would mediate an
embodied understanding of the observed content@rssibly because of this, affect the aesthetic
value of works of art. Data showing an increasesthastic preference for dynamic images would

then emphasize the relationship between embodiarehtesthetics.
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3. GENERAL DISCUSSION

3.1 The embodied component of aesthetic experience

Suggestive evidence favouring the idea of an irerolent of a motor-resonance mechanism in
aesthetic judgments comes from our neuroimagingdi€&ul and 2, as well as from the
psychophysical Studies 3 and 4 above describedtudly 1, the observation of Classical and
Renaissance sculptures, although depicted in antersional image viewed under an unnatural
context like that of an MRI scanner, elicited aation of the ventral premotor cortex and of the
posterior parietal cortex. These activations suiggestor resonance congruent with the implied
movements portrayed in the sculptures and undargnan embodied comprehension of the
observed objects. In other words, we do not seartamork only with our eyes — and our visual

system — but also experience it with our body as#pository of our potentialities for action.

Embodied mechanisms subserve biologically-drivescgsses, which would automatically guide
attention to aspects of the stimuli with social drehavioural relevance. This consideration finds
support in the neuroimaging and psychophysicallt®saf Study 2 and 3, where we compared
aesthetic evaluations when viewing human bodiesesgmted as artworks (art category) and images
of real human bodies (biological non-art categohy)Study 2, the aesthetic judgment of the real
human body figures determined an enhanced actiyatompared to sculpture images, in the
superior temporal sulcus (STS). This area is reieegnas part of the mirror system it being
involved in the coding of movements of body padsrmy observation. Additionally, the eye gazing
results of Study 3 showed that, during observatind aesthetic judgment tasks, subjects fixated
longer on the face and arm areas of the stimulitiquéarly of the real human body figures.
Prolonged fixations on these specific regions efltbdy again suggest that embodied mechanisms,
besides those merely pertaining to the low-leveling of the visible physical aspects of the body,

are also involved in the aesthetic evaluation efgtimuli.
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The power of the human form to evoke in the obgesmv@eaning associated with the implied action
and, possibly, intention of the represented figuaklso when represented in an artwork, was
particularly evident in our last eye-tracking studye results of Study 4, where we confronted
gazing pattern during the aesthetic and dynamislgment of human and nature-content paintings,
showed that, when nature-content is representethghaehaviour was particularly affected by low-
level visual elements such as colour and compleXiy the other hand, when the represented
content includes a human subject, motor-resonareehamisms seem to prevail over low-level
sensory-driven processes in guiding the obsenexglorative pattern. More specifically, when a
human being is portrayed in a painting, gazing bieha is mostly focused on the human figure,
independently of contextual elements also depiatethe image. In particular, when judging the
aesthetics of the image, attention is given tofélce area, whereas dynamism ascription appears to
be strongly guided by attention to features pomrgyactions. In this respect, our results favour an
alternative interpretation of dynamism that diffdrem the classical description of low-level
sensory-driven processes, yet recognized for natmeent paintings: When a human subject is
present in an image, the recognition of dynamisnmfissfrom a visual decoding of perceptual

elements to an embodied processing of the imagarga&s defined by the represented actions.

Our data show that dynamism is strongly associaféd aesthetic preference. If a human form is
depicted in an artwork, dynamism perception is eyed by aspects of the body representing the
implied action. The question then arises of whéticles dynamism and beauty perception in
artworks representing contents other than the humodwg, such as nature. Is dynamism in paintings
of natural scenes a sole effect of visual compyexss our data suggest and, if so, in what termts is
coded? In terms of a possible physiological exglana in which dynamism perception is
associated with eye gazing variables, we hypotbdsithat, if perception of dynamism is a
proprioceptive epiphenomenon elicited by eye-mov@s)eindexes, such as number of fixations,

should increase as a function of dynamism judgmiehavioural data obtained from movement
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judgment task already indicated the lack of associabetween physiological measures and
dynamism judgment in nature-content images. Addldily, analysis of physiological data alone
showed that dynamic nature stimuli were charactdriny a fewer number of clusters (narrow
explorative behaviour) than static stimuli and lgp& number of fixations, convincingly indicating
that eye-movements did not affect the perceptiothyaamism in nature image. Perhaps, even when
contemplating a waterfall, embodiment is relevég.the German art historian Heinrich Wolfflin
suggested (1886) “...as human beings with a bodyta@hes us the nature of gravity, contraction,
strength, and so on, we gather the experienceettailes us to identify with the conditions of other

forms”. Although very appealing, at this stage stheonsiderations remain only theoretical.

3.2  The hedonic value of aesthetic experience

With the aim to investigate, from a neuro-cognitperspective, the fundamental human ability to
value beauty in art, the first main question thataddressed is whether there is an objective beauty
i.e., if objective parameters intrinsic to works at are able to elicit a specific neural pattern
underlying the sense of beauty in the observer.rébelts of Study 1 gave a positive answer to this
guestion. The presence of a specific parameter {he golden ratio) in the canonical Classical
sculpture images we presented determined brairvaticins different from those where this
parameter was violated (modified stimuli). The &pdrat changed the perception of a sculpture
from “ugly” to beautiful appears to be tf@nt activation of specific populations of cortical nens

responding to the physical properties of the stimod of neurons located in the anterior insula.

The activation of the right anterior insula in asaton with the objective cannons of beauty in
Classical sculptures, relative to sculptures whaysgortions had been modified, was interpreted as
the neural signature underpinning hedonic respaseg aesthetic experience. With the aim of
exploring whether this specific hedonic responsals® present during the observation of non-art

biological stimuli, in a second fMRI study (Study \2e compared the activations associated with

104



the aesthetic appraisal of Classical sculpture @ndg those associated with the aesthetic appraisal
of real human bodies represented by photograplewtfg athletes. The imaging results showed an
overall similar cortical activation pattern at thiewing of the two stimulus categories. However,
direct comparison between art and biological ndansamuli revealed that the anterior sector of
right dorsal insula was selectively activated fawarks and — crucially — not when appraising the
aesthetics of real human body images. This resdltates that the hedonic value associated with
aesthetic experience for artworks is distinct frtmat characterizing the aesthetic appraisal of

biological non-art stimuli.

The hedonic response to art stimuli, mediated bylar activation, was particularly strong, in our
studies, during observation condition, namely wihie® subjects were instructed to observe the
stimuli without judging them. In this respect, stworth noting that, in an experimental context, as
that of an fMRI study, it is not easy to promote surfacing of an aesthetic experience and is
therefore important to use specific instruction®ider to elicit a mind-state favouring it (seeoals
Hofel and Jacobsen, 2007). Yet, it needs to besstrk that there is a clear difference between
eliciting a mind-state that may favour aesthetigrapsal and the explicit request to give an aesthet
judgment to the presented stimuli. As already adgtias request involves cognitive processes that
may interfere and even overshadow the emergenspmitaneous hedonic responses associated
with aesthetic experience. The results of ExperinZeof our secondMRI study, as well as the
results of Study 1, supported this idea, whichigccordance with Cupchik and Lazslo’'s (1992)
view that specific conditions are to facilitate temergence of an “aesthetic attitude” (see also
Cupchik et al., 2009). The observers’ mind-statkuged by instruction is therefore vital in setting

the conditions for experiencing the aesthetic dquali the stimuli.

The aesthetic judgment of an artwork, though, iy @artially built on objective measures. The

results of our analysis concerning what we cafietjectivebeauty (Study 1) are also relevant in
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this respect. In the condition in which the viewmerse asked to indicate explicitly which sculptures
they liked, there was a strong increase in theviagtof the amygdala, a structure that responds to
incoming information laden with emotional value.uBhinstead of allowing their nervous centres to
“resonate” in response to the observed stimuli€plaion condition), when the viewers judged the
stimuli according to their individual idiosyncraticriteria (explicit aesthetic judgment), that
structure was activated that signals which stirhall produced pleasant experiences in the past. It
is this process that, most likely, reconciles witle reward-based theories of beauty perception

during the explicit appraisal of artworks, fullysdussed in the Introduction.

In conclusion, our data support the idea that buldjective and subjective factors intervene in
determining our appreciation of an artwork. Theegbye beauty can be freely and automatically
accessed during the contemplation of an artworkhaaintrinsic properties of the stimulus, leading
to the hedonic value associated with aesthetics. difjective aesthetics does not require an aiprior
knowledge about the appraised object, althougbqtires a proper aesthetic attitude favouring the
aesthetic experience. Subjective beauty, on therdtand, appears to be significantly affected by
the individual's values, knowledge and personaletaall factors that are subject to cultural and
experiential dynamics. It would be this latter dmai®n of aesthetics that determines most of the

variability often observed among judgments.

It has often been claimed that beauty, objectiviEtermined, does not exist because of profound
subjective differences in the evaluation of whabésautiful and what is not. Although individual
biases are undeniable, it is also rather implaestbl maintain that beauty has no biological
substrate and is merely a conventional, experigntietermined concept. As Gombrich (1984)
wrote, elements in a picture which determine adistileexperience are “deeply involved in our
biological heritage”, although we are unable tcegivconscious explanation to them. The history of

art is replete with the constant tension betwegeaotive values and subjective judgments. This
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tension is deepened when artists discover new et@stharameters that may appeal for various
reasons, be they related to our biological heritagesimply to fashion or novelty. Still, the ceaitr
guestion remains: when the fashion and noveltyrexgould their work ever become a permanent

patrimony of humankind without a resonance induzgdome biologically inherent parameters?
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APPENDIX — TABLES

Study 1

Table 1-S1.Brain activity reflecting the common effects of @aical and Modified imagess
baseline across conditions (observation; aesthatgment; proportion judgment).

Brain structure Sphere Maxima z p. corr (vX)
Xyz
Occipital Lobe
Inferior occipital gyrus (LO) L -45 -84 -6 Inf 0.000
R 38 -88 -10 Inf 0.000
Middle occipital gyrus L -32 -96 -6 Inf 0.000
R 28-920 Inf 0.000
R 30-92-2 Inf 0.000
R 50 -78 -8 7.82 0.000
Parietal Lobe
Supramarginal gyrus R 64 -20 38 5.08 0.006
Frontal Lobe
Middle frontal gyrus R 38054 5.49 0.001
R 38-254 4.89 0.015
R 38052 4.65 0.041
Inferior frontal gyrus R 50 14 24 7.32 0.000
R 52 14 24 5.36 0.002
R 45408 5.33 0.002
R 50 34 18 5.25 0.003
R 48 35 14 5.24 0.003
Precentral gyrus R 5010 12 6.21 0.005
R 54 8 42 4.84 0.019
Precentral gyrus L -56 2 42 4.58 0.036
L -508 30 4.62 0.047
L -52 6 26 4.56 0.05
Supplementary motor area - 01052 6.36 0.000
Supplementary motor area R 416 48 5.16 0.005
R 21650 6.01 0.000
R 14 8 58 5.21 0.004
Subcortical/insula
Ippocampus R 24 -32 -6 5.49 0.001
R 22 -32 -6 5.35 0.002
Ippocampus L -22-32 -6 6.14 0.000
4,92 0.013
Insula R 36 20 -6 5.05 0.008
Insula L -34 24 -4 5.58 0.001
Cerebellum
Cerebellum 4-5 R 32-34 -28 4.81 0.021
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Table 2-S1.Brain activity reflecting the main effect (a) arieetsimple effect (b) of Canonices.

Modified images.

Brain structure Sphere Maxima z p. corr
Xyz Cluster level

a Main effect (C-M)
Medial parietal lobe/Precuneus R 12, -52, 46 3.79 .040

L -2,-42,58 3.21
Posterior cingulum R 8, -52, 30 3.33
Inferior occipital gyrus R 30, -94, -8 3.75 0.0001
Lingual gyrus R 16, -66, -6 3.56
Cuneus L -4, -78, 30 3.55
Inferior frontal gyrus R 44, 42, 20 3.65 0.03
Middle frontal gyrus R 30, 40, 30 3.65
b Simple effect Observation (C-M)
Anterior insula/frontal operculum R 36, 22, 16 3.86 0.016
Middle frontal gyrus R 38, 36, 20 3.62
Superior frontal gyrus R 18, 44, 26 3.31

Table 3-S1.Brain activity reflecting main effect (a) and irdetion (b) of judged-as-uglys.

judged-as-beautiful images.

Brain structure Sphere Maxima Z p. corr
Xyz Cluster level

a Main effect
Precentral gyrus L -36, -14, 60 4.68 0.0001
Postcentral gyrus L -38, -28, 52 4.34
b Interaction (stimulus by condition)
Precentral gyrus L -36, -12, 58 4.35 0.003
Postcentral gyrus L -40, -34, 56 3.88
Inferior parietal lobule L -50, -26, 40 3.82

L -52,-32,52 3.34
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Study 2

Table 1-S2.Brain activations reflecting the common effectsGdnonical and Modified stimuli
(pulled togetherys baseline across conditions (observation and eistjudgment) observed in
Experiment Xor a. Sculpture andb. Real Human Body images. The statistical signiftearefers to

P-FWE corr <0.05 at the voxel level.

a. Sculpture images

Brain structure Sphere Maxima z p. FWE-corr
Xyz (vx)
Occipital Lobe
Sup Occipital gyrus L 24 -7034 Inf 0.000
Middle Occipital gyrus R 30-7034 Inf 0.000
Temporal Lobe
Middle Temporal gyrus (post) L -50-686 7.38 0.000
Inferior Temporal gyrus R 50-58 0 Inf 0.000
Parietal Lobe
Inf Parietal lobule / Intraparietal sulcus L -36-5248 6.20 0.000
Sup Parietal lobule (post) L -22 -6856  Inf 0.000
Angular gyrus R 24 -6654 Inf 0.000
Frontal Lobe
Middle Frontal gyrus R 50 40 14 Inf 0.000
Inf Frontal gyrus L -48 1430 5.31 0.005
L 522626 5.25 0.001
Inferior Frontal gyrus/p. opercularis R 46 6 28 Inf 0.000
Precentral gyrus R 44252  6.09 0.000
L -46 -2 46 5.82 0.000
Pre-SMA L -41252 Inf 0.000
R 5455 5.19 0.001
Subcortical/insula
Hippocampus L -16-32-4 Inf 0.000
R 16-32-2 Inf 0.000
Parahippocampal gyrus/Amygdala L -18-8-18 5.21 0.001
Amygdala R 20-4-18 5.77 0.001
Insula R 32184  4.93 0.005
Inf Frontal gyrus/pars orbitalis L -3620-6 4.42 0.030
Cerebellum L -38-50-22 Inf 0.000
R 38 -48 -22 Inf 0.000
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b. Real Human Body images

Brain structure Sphere Maxima z p. FWE-corr
Xyz (vx)
Occipital Lobe
Sup Occipital gyrus L 24 -7036 7.65 0.000
Middle Occipital gyrus L -30-76 22 6.53 0.000
R 30-7034 Inf 0.000
Temporal Lobe
Middle Temporal gyrus L 50-686 7.22 0.000
R 50-66 14 7.43 0.000
Inf Temporal gyrus R 52-56-4 Inf 0.000
L -46 -60-6 7.12 0.000
Parietal Lobe
Sup Parietal lobule L -26 -68 56 Inf 0.000
L -12-8048 6.44 0.000
R 26 -6656 Inf 0.000
Precuneus R 14 -7452 7.83 0.000
Angular gyrus R 30-5244 Inf 0.000
Inf Parietal lobule L -36 -5246 6.38 0.000
Frontal Lobe
Inf Frontal gyrus/ pars triangularis L 502626 5.34 0.000
L -44 1632 5.03 0.000
R 443216 6.23 0.000
Middle Frontal gyurs R 504016 7.24 0.000
Inf Frontal gyrus/ pars opercularis R 46 6 28 Inf 0.000
Precentral gyrus R 42254 551 0.000
L -30-448 5.01 0.000
Supplementary motor area L -4 1054 Inf 0.000
Middle Cingulate cortex L -42242 537 0.000
Subcortical
Hippocampus L -16 -34 -4  Inf 0.000
L -16-8-18 5.70 0.000
R 18-32-0 Inf 0.000
Amygdala R 18-6-16 7.02 0.000
Cerebellum L -38-50-22 Inf 0.000
R 38 -48 -22  Inf 0.000
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Table 2-S2.Brain activity reflecting the effect of stimulas CATEGORY (canonical sculpture and
canonical real human body images) andYPE (canonical and modified) for the two conditso
(O= Observation; AJ= Aesthetic Judgment) Experiment 1 SC= Sculpture Canonical;, SM=
Sculpture Modified; HBC= real Human Body CanoniddBM= real Human Body Modified. The
reported statistical significance is at clustereleand refers to activations significant (P-FWErcor
<0.05) at the cluster and/or voxel level.

Contrast Condition  Brain structure eK p. FWE-corr z Sphere Maxima
Cluster level Xyz
a. Effects of CATEGORY
SC-HBC O+AJ] Fusiform gyrus 292 0.000 5.26 L -36 -18
4.49 L -26 -56 -14
190 0.001 4.63 R 34 -46 -10
4.08 R 28 -56 -8
@) Fusiform gyrus 502 0.000 5.55 R 30 -46 -14
4.10 R 28 -56 -10
390 0.000 5.21 L -26 -42 -16
5.05 L -32-38 -20
AJ Insula 77 0.074 4.99 R 382610
HBC-SC O +AJ Thalamus 134 0.006 4.42 R 2-1214
AJ Mid Temporal gyrus/STS 100 0.026 4.68 R 44650
Thalamus 194 0.001 4.39 - 0-1214
b. Effects of TYPE
HBM-HBC ) Amygdala 97 0.030 5.13 L -30-4-14
Inf Temporal gyrus (post) 46 0.321 5.02 L -48 -48
HBM-HBC Al Inf Temporal gyrus (post) 220 0.000 483 R 50 -54 -6
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Table 3-S2.Brain activations reflecting the common effectsG@dnonical and Modified stimuli
(pulled togetherys baseline across conditions (observation and eistludgment) observed in
Experiment Zor a. Sculpture and. Real Human Body images. The statistical signifogarefers to

P-FWE corr <0.05 at the voxel level.

a. Sculpture images

Brain structure Sphere Maxima 4 p. FWE-corr
Xyz (vx)
Occipital Lobe
Inf Occipital gyrus L -38-82 2 Inf 0.000
R 40 -78 -4  Inf 0.000
Middle Occipital gyrus R 50 -64 2 Inf 0.000
L -24-76 30  Inf 0.000
Sup Occipita gyurs L -18-9210 Inf 0.000
Calcarine ctx L -8 -96 -2 Inf 0.000
Temporal Lobe
Lingual gyrus R 4 -88 6 Inf 0.000
L -8 -88 -8 Inf 0.000
Fusiform gyrus R 28-88-8 Inf 0.000
L -34 -58-14 Inf 0.000
Parietal Lobe
Angular gyrus R 28 -6250 Inf 0.000
L -28-6052 Inf 0.000
Inf Parietal lobule L -36-5256  Inf 0.000
Frontal Lobe
Inf Frontal gyrus/ L -54 1434 7.60 0.000
pars triangularis R 461030  Inf 0.000
R 523814 Inf 0.000
Precentral gyrus R 46 2 54 Inf 0.000
Inf Frontal gyrus/ p. opercularis L -44 4 34 Inf 0.000
Paracentral lobule / BA6 R 6-3068 5.08 0.003
Supplementary Motor Area - 01450 Inf 0.000
Pre-SMA R 6 16 48 Inf 0.000
Anterior Cinguate ctx R 4228 6.74 0.000
Sup Orbital gyrus L -1860-4 5.69 0.028
Middle Orbital gyrus R 2652-8 5.75 0.000
Subcortical/insula
Hippocampus L -22-30-6 Inf 0.000
R 22-30-2 Inf 0.000
Parahippocampal gyrus / R 240-20 6.36 0.003
Amygdala R 322-22 540 0.003
Insula R 30304 7.59 0.000
L 30262 7.24 0.000
Cerebellum L -2484 -14  Inf 0.000
R 38-64-18 Inf 0.000
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b. Real Human Body images

Brain structure Sphere Maxima z p. FWE-corr
Xyz (vx)
Occipital Lobe
Inf Occipital gyrus R 40 -78 -4 Inf 0.000
L -38-82 2 Inf 0.000
Middle Occipital gyrus R 30-8414 Inf 0.000
Temporal Lobe
Fusiform gyrus L -34 -58 -14 Inf 0.000
R 40 -54 -16 Inf 0.000
Lingual gyrus R 22 -88 -8 Inf 0.000
L -24 -84 -14  Inf 0.000
Parietal Lobe
Superior Parietal lobule L -26 -6052 Inf 0.000
Angular gyrus R 28 -6248  Inf 0.000
Frontal Lobe
Inf Frontal gyrus/pars triangularis R 523812 Inf 0.000
R 461030 Inf 0.000
L 542624 Inf 0.000
Inf Frontal / pars opercularis L -408 28 Inf 0.000
Pre-SMA R 4 -30 68 4.96 0.005
Middle Frontal gyrus (ant) L -36 58 2 4.61 0.023
Sup Orbital gyrus L -18 60 -4 5.72 0.000
Middle Orbital gyrus L -2852-6  4.45 0.043
Subcortical
Hippocampus L -22-30-6 Inf 0.000
R 22-30-2 Inf 0.000
Parahippocampal gyrus / L -240-16 512 0.000
Amygdala L -20-6-12  4.69 0.011
Inf Frontal Gyrus /pars orbitalis R 34 26 -2 8.60 0.000
Insula L -30 26 2 7.90 0.000
Basal Ganglia
Globus pallidus L -12 -2 -2 5.34 0.001
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Table 4-S2.Brain activity reflecting the effect of stimulas CATEGORY (canonical sculpture and
canonical real human body images) andYPE (canonical and modified) for the two conditso
(O= Observation; AJ= Aesthetic Judgment) Experiment 2 SC= Sculpture Canonical;, SM=
Sculpture Modified; HBC= real Human Body CanoniddBM= real Human Body Modified. The
reported statistical significance is at clustereleand refers to activations significant (P-FWErcor
<0.05) at the cluster and/or voxel level.

Contrast Condition  Brain structure eK p. FWE-corr 4 Sphere Maxima
Cluster level Xyz

a. Effects of CATEGORY

SC-HBC O+AJ] Lingual gyrus 1011 0.000 5.86 R 19-8
Fusiform gyrus 160 0.095 4.67 R 30-42 -20
@) Lingual gyrus 7565 0.000 5.87 R 16 -84 -6
5.16 L -16 -42 2
Fusiform gyrus 5.23 L -36 -44 -10
5.02 R 30 -38 -20
Cuneus 5.12 R 22 -66 28
4.58 R 26 -66 50
Insula 134 0.180 5.21 R 30266
Inf Parietal lobule 263 0.025 4.94 R 50 -34 42
Inf Frontal gyrus / 531 0.001 4.63 R 42 32 16
pars triangularis
Inf Frontal gyrus / 454 R 36 18 32
pars opercularis
AJ Cerebellum 807 0.000 5.26 R 18 -66 -14
Fusiform gyrus 4.45 R 30 -40 -22
Lingual gyrus 4.36 R 16 -84 -8
HBC-SC O+AJ Sup/Mid Temporal gyrus 297 0.017 4.79 R 64-4014
4.05 R 54 -52 16
3.44 R 58 -38 6
Sup/Mid Temporal gyrus 429 0.004 4.79 L -48 -84 1
4.57 L -52-54 12
AJ Sup/Mid Temporal gyrus 228 0.054 3.98 L -54 132
3.54 L -46 -54 6

b. Effects of TYPE

SC-SM @) Inf Frontal gyrus/ 253 0.051 6.47 R 38300
Pars triangularis
Insula 4.94 R 34184
Mid Temporal gyrus 46 0.458 4.28 R 60 -54 8
SM-SC Al Supramarginal gryus 156 0.132 5.47 R 6042
Ventral Premotor ctx 210 0.076 4.44 R 50 10 32
HBM-HBC O Ventral Premotor ctx 233 0.050 4.60 R 628
AJ Inf Temporal gyrus 615 0.003 6.24 R 50 -54 -6
Fusiform gyrus 411 R 30-54 -14
Sup Parietal lobule 306 0.038 411 R 30 -64 30
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Study 3

Table 1-S3.Summary of the main analyses and relative stadisif the behavioural results far
the aesthetic judgment task amdhe proportion discrimination task.

a. Aesthetic Judgment task

Source Type Mean SEM  Contrast df F Sig. ) partial 2 Power §)

Category S 3.97 27 S>HB 1,20 14.49 .001 420 .95
HB 3.38 .21

x|

Degree*gender 3,60 3.01 037 131 68

(females) C 3.96 .32 C > Msm 1,10 8.58 .015 .62 .75
Msm 3.70 .32

(males) C 3.67 .32 C =Msm 1,10 .07 796 .071 .057
Msm 3.65 .33

Type*gender 2,40 6.87 .003 .256 .902

(females) C 3.96 .32 C>M1 1,10 7.06 .024 414 3.99
M1 3.69 .32 C>M2 1,10 24.98 .001 714 .994
M2 3.33 .32

(males) C 3.67 .33 C-M1 1,10 .013 911 .001 .051
M1 3.67 .32 C>M2 1,10 9.70 .011 492 .801
M2 3.46 .32

Category*Type 2,40 4.85 .013 195 770

*gender

(females) SM1 4.15 A4 M1 > M2 (S) 1,10 10.95 .008 .523 .846
SM2 3.29 37 M1-M1 (S<HB) 1,10 5.29 .044 .346 .547
HBM1 3.23 .30
HBM2 3.37 .33

(males) S 3.99 42 S>HB 1,10 8.13 .017 .448 729
HB 3.24 27 M1 > M2 1,10 13.31 .004 .57 .907
M1 3.67 .33
M2 3.46 .32

b. Proportion Discrimination task (d-prime scores)

Source Type Mean SEM  Contrast df F Sig. ) partial #2 Power §)

Degree 2,40 5.35 .009 211 .812
Msm -.38 .15 Msm > Mmd 1,20 5.81 .026 .225 .631
Mmd =77 13 Msm > Mhd 1,20 5.88 .025 .227 .636
Mhigh -1.11 .18 1,20 5.17 .034 .206 .581

Category*type 1,20 5.57 .029 .218 612
SM1 =37 .19 M1 < M2 (S) 1,21 6.04 .023 .223 .649
SM2 -.98 .26

Category*Type 1,20 7.39 .013 .270 .735

*gender

(females) SM1 -31 .27 M1 < M2 (S) 1,10 4.25 .066  .298 .846
SM2 -1.12 49 M2-M2 (S>HB) 1,10 4.17 .068 294 5.45
HBM1 -.35 .25
HBM2 -.36 .40

Category: S = sculpture stimuli, HB = real humardystimuli; Degree of modification: C
canonical (no modification), Msm = small modificati Mmd = medium modification, Mhigh
high modification; Type of modification: M1 =longds : short torso, M2 = short legs: long torso;
SM1, SM2 = modification type 1 and 2, respectively; sculpture stimuli; HBM1, HBM2 =
modification type 1 and 2, respectively, for reahtan body stimuli.
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Study 4

Table 2-S4 Clusters size (%) in image representing hursanature content

Human Nature
Cluster Minimum Maximum Mean SD Minimum Maximum Mean SD
cluster 1 .153 9.507 3.25 1.516 .933 10.881 4,415 .0512
cluster 2 277 6.7 3.268 1.267 527 10.385 4.00 411.8
cluster 3 .168 5.298 2.443 1.098 157 8.844 2.911 .960L
cluster 4 .099 5.396 1.918 1.151 .108 6.768 2.584 516l

Table 3-S4.GLM 2-ways interaction for the 4 first ROls of &tions

Category* Dynamism Category* Color Dynamism* Color

Indexes ROI F df P F p F p
Fixation
number 1 SH>DH  81.03 1,41 <001 BWN>CN 176 <.001 -

2 DH>SH 1134 1,41 <001 CH>BWH 4.7 <.05 CD>BWD 9.4 0.

3 DH>SH  37.7 1,41 <001 - -

4 - -
g'xa“.‘)” 1 SH>DH 2782 141 <001 - BWD>CD 49  <.001
uration

2 DH>SH  100.9 141 <001 CH>BWH 6.9 <.05

3 DH>SH 58.6 1,41 <001 - -

4 - -
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