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The aim of this study was to test the involvement of sensorimotor cortical circuits during the beholding of the static
consequences of hand gestures devoid of any meaning.In order to verify this hypothesis we performed an EEG experiment
presenting to participants images of abstract works of art with marked traces of brushstrokes. The EEG data were analyzed
by using Event Related Potentials (ERPs). We aimed to demonstrate a direct involvement of sensorimotor cortical circuits
during the beholding of these selected works of abstract art. The stimuli consisted of three different abstract black and
white paintings by Franz Kline. Results verified our experimental hypothesis showing the activation of premotor and motor
cortical areas during stimuli observation. In addition, abstract works of art observation elicited the activation of reward-
related orbitofrontal areas, and cognitive categorization-related prefrontal areas. The cortical sensorimotor activation is a
fundamental neurophysiological demonstration of the direct involvement of the cortical motor system in perception of
static meaningless images belonging to abstract art. These results support the role of embodied simulation of artist’s
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Introduction

Early neuroscientific interest in the relationship between art and
brain began to emerge in works by Changeux and Zeki [1,2] in the
1990s. The first research questions generally concerned the visual
processes underlying aesthetic experience [3,4,5]. Which are the
visual features leading a particular experience to be perceived as
aesthetic? Such studies emphasized the distinctive coincidence
between the cortical organization of the visual nervous system and
the visual attributes that artists use to express their art. The
assumption was that the implicit and unconscious goals of an artist
coincided to some degree with the basic functioning of vision. In
this sense, abstract artworks could be taken as offering effective
examples of this position, given that they could be said to extract
primitive perceptual principles from reality [6] — with regard to
color for example, in the case of Matisse’s works, or motion, in the
case of Calder’s. Other researches investigated the neural basis of
aesthetic experience from the point of view not only of early
perceptual but also of higher order processes accompanying
aesthetic experience (including aesthetic judgment) [7,8] and
reward mechanisms [9,10].

Although the activation of the visual cortex of the beholder is a
crucial aspect of visual art perception, we believe that the “power
of images” [11] is neither exclusively referable just to a cortical
visual process nor to high order cognitive processes. In our view,
automatic and pre-reflexive activations, involving emotional and
sensorimotor cortical circuits, should be a distinctive aspect of
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responses to visual art [12,13,14]. The perception of visual stimuli
does not only involve visual cortical areas. Indeed, many studies
demonstrated that visual perception, in most cases, required the
activation of sensorimotor circuits [15]. In this sense perception
and action are not separate domains implemented in different
anatomical and functional circuits, as maintained by the
traditional view represented by the “sandwich” model of cognition
[16]. In other words, we do not first perceive and then act, action
itself contributes to perception.

The existence of visual and motor responses embedded in the
same neuron was demonstrated with the discovery of mirror
neurons in the ventral premotor cortex of macaque monkey
[17]. Mirror neurons discharge both when a certain action is
executed and when a similar action is observed [18,19,20].
Mirror neurons have been subsequently recorded also in the
Inferior Parietal Lobule (IPL) of the macaque monkey
[21,22,23]. Neuroimaging, Transcranial magnetic Stimulation
(IMS), and single neuron recordings experiments, have
demonstrated also in humans the existence of a mirror
mechanism, matching action observation with action execution,
similar to that previously discovered in the monkey [24,25].
Further studies showed that a similar mirror mechanism is likely
involved when perceiving the emotions and sensations of others
[25,26]. This led to the formulation of the theory of embodied
simulation [27,28,29]. Embodied simulation provides a new
empirically based notion of intersubjectivity, viewed first and
foremost as intercorporeality. By means of embodied simulation
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we can map others’ actions by re-using our own motor
representations, as well as others’ emotions and sensations by
re-using our own viscero-motor and somatosensory representa-
tions. The relevance of embodied simulation for the perception
of works of art was recently proposed [12]. These authors
proposed that the relationship established between the beholder
and the artwork is based on the activation of sensorimotor brain
circuits, allowing the observer to establish an embodied relation
with the content of the observed artwork. The tight relation
between action and perception implies the contribution of
sensorimotor circuits during perceptive processes activated by
the observation of visual artworks. Zeki and Ramachandran
hypothesized the artist’s unconscious ability to emphasize visual
elements capable of activating “the visual brain” of the
observer; our proposal is to postulate also the artist’s ability to
activate viewers’ sensorimotor circuits.

Activation of cortical motor areas (identified as p suppression)
can be simplyinduced by the observation of static pictures of
grasping [30]. Furthermore, a recent ERP study demonstrated a
direct relation between the observation of static images and the
activation of the cortical motor system [31]. These authors showed
that, during presentation of pictures representing human actions
with different degrees of dynamism, there was a greater motor
cortical activation for observation of pictures representing more
dynamic actions than for observation of pictures representing less
dynamic actions. The source localization analysis indicated that
the observation of more dynamic images was accompanied by the
activation of a series of cortical regions belonging to the motion
and action representation systems, namely: V5/MT (Middle
temporal visual area), EBA (Extrastriate Body Area), STS
(Superior Temporal Sulcus), premotor and motor areas. In
particular, the activation, among others of premotor and motor
areas emerged. Although these studies did not directly address the
question of the neural mechanisms at the basis of perception of
visual art images, these results suggest that, even in the absence of
explicit motion, the implicit movement represented in a static
image is sufficient to activate the cortical motor circuits that are
recruited during the actual execution of the observed movement.
Other studies showed stronger cortical motor activation during the
observation of handwritten letters compared with printed letters
[32,33,34]. These studies demonstrated that this activation
corresponds to a covert motor simulation of movements leading
to a static graphic outcome and that it is part of the perceptual
process activated by the observation of hand written letters. These
results suggest the presence of a motor simulation mechanism not
only of static representations of actions [31], but also a motor
simulation mechanism allowing an ‘a posteriori’ reconstruction of
the agent’s action executed to achieve the graphic consequence
itself [32,33,34]. Two recent EEG studies directly linked the
observation of static images with the activation of mirror
mechanism showing that the observation of static images selected
from Rorscharch test evoked the activation of the sensory motor
cortex [35,36]. The authors claimed that the mere observation of
Rorcharch cards is able to evoke the activation of the mirror
mechanism.

In line with these studies, we hypothesized that also the
observation of brush strokes, as visible traces of goal-directed
movements, are capable of activating the cortical representation of
the same hand gesture in the observers’ brain. In order to verify
this hypothesis we performed an EEG experiment presenting to
participants images of abstract works of art characterized by the
presence of marked traces of brushstrokes. We aimed to offer a
closer assessment of the involvement of sensorimotor cortical
circuits during the beholding of the static consequences of hand
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gestures devoid of any meaning, thus different from those
employed by the majority of previous studies, which employed
handwritten letters. The stimuli consisted of three different black
and white paintings by Franz Kline, an artist belonging to the
Abstract Expressionism movement of the New York School of the
1940s, 1950s and 1960s (together with, among others, Jackson
Pollock and Willem de Kooning). The works selected as stimuli for
the experiment are characterized by a small number of
brushstrokes, thus allowing for an easier construction of three
reliable control images. The EEG data were analyzed by using
Event Related Potentials (ERPs) as a means for assessing the
difference between the observation of three Paintings and the
observation of three Modified stimuli while by means of source
localization, we individuated the cortical areas differently activated
under these two experimental conditions.

Method

Participants

Twenty-one healthy adult volunteers (11 females, 10 males)
whose age ranged between 21 and 34 years (mean age 28; sd +/
—4.07) participated in the experiment. All participants were right
handed, as tested by Edinburgh Handedness Inventory [37].
Participants had normal or correct to normal vision and none had
previous psychiatric or neurological history. Before the experi-
ment, they received oral information about the experiment
procedures and gave their written informed consent to the
experiment. Participants were recruited by public announcement.
All participants had pursued graduate studies, none had specific
experience in painting or in art theory, none knew the
experimental goals. The experiment was approved by the Local
Ethical Committee. The experiment was approved by the Local
Ethical Committee (Comitato Etico Unico per la Provincia di
Parma, Italy). +39.0521.703013-702449- F. +39.0521.704702.

Stimuli

We used two different categories of stimuli: Paintings and
Modified stimuli (see Figure 1, A and B). Paintings stimuli (see
Figure 1A) consisted of digital images of three abstract black and
white paintings by Franz Kline: 1953 Suspended, 1954 Painting
Number 2, and 1952 Painting Number 7. These images were
downloaded from open source web sites. Modified stimuli were
altered versions of the three Paintings stimuli, built using Adobe
Photoshop® software. In the Modified stimuli (see Figure 1B) the
dynamic components of the original Paintings were removed by
replacing them with graphic dense black stripes of a similar
thickness and length, keeping the same graphic pattern and
simmetry as the actual paintings stimuli. The Modified stimuli
were designed with the intent of removing the visible consequences
of the artist’s gesture (such as drips of paint, blurred contours,
differences in pressure on the brush, and so on).

In order to exclude the possibility that the two categories of
stimuli could elicit a different tendency to move the eyes, we
counted the number of eye blinks and eye movements of each
participant in both experimental conditions. Mean eye blinks:
394 (SE +/—1.3) for Paintings and 4.0 (SE +/—1.3) for
Modified stimuli. Mean eye movements: 3.26 (SE +/—1.1) for
Paintings and 3.52 (SE +/—1.6) for Modified stimuli. T-test
applied in order to compare eye blinks and eye movements in
the two conditions did not produce a statistically significant
result (both Ps>0.7). So we can exclude that participants used
different patterns of saccadic movements to explore the two
categories of presented images.
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Figure 1. Stimuli used in the study. (A) Painting stimuli: from up to bottom: 1953 Suspended; 1954 Painting number 2 and 1952 Painting Number
7 (B) Modified stimuli created removing the dynamic components of the three original paintings.

doi:10.1371/journal.pone.0075241.g001

Procedure and Experimental Paradigm

Participants were seated in a comfortable chair, placed in an
isolated, dimly lit room, in front of a 17-inch computer monitor
used for stimuli presentation and located at a distance of 70 cm
from participant’s body. In order to minimize movements and
blink artifacts during the recording session, participants were asked
to keep their forearms resting on a table in front of them and to
avoid any eye or body movement. Participants were instructed to
gaze at the center of the screen. The experiment included two
different sessions: an EEG recording session, and at the end of'it, a
behavioral rating session. The duration of the entire experiment
was around 20 minutes. Each EEG trial started with the
presentation of a black screen of variable duration from 4,5 to 5
seconds (rest), followed by a fixation cross (450 ms to 550 ms) and
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by stimuli presentation (1 s). In 50% of the trials (attentive trials)
the disappearance of the stimulus was followed by the presentation
of a green or a red dot. Participants were asked to give a verbal
response as to the color of each dot. These trials were presented in
order to keep participants attention, and the verbal responses time
periods were not used for any subsequent analyses. The six stimuli
(3 Paintings and 3 Modified stimuli) were randomly presented 15
times each. In total each participant was presented with 90 stimuli.

After completing the EEG recording session, participants were
asked to fill out a questionnaire related to the images just observed.
Watching again the six images in random order, participants were
asked to assess four different parameters for each image: 1)
Familiarity (“If and how are you familiar with this image”, score
from 0 to +10) 2) Aesthetic appraisal (“How much do you like this
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image?”’ score from —10 to +10); 3) Amount of movement (“How
much movement do you perceive in this image”, score from 0 to
+10) 4) Artistic nature of the perceived images (“Is the image a real
artwork?”, score 1 if the answer was “yes” and 0 if the answer was
“no”).

EEG recording. EEG data were acquired by a 128-channel
Sensor Net (Electrical Geodesic, Eugene, USA) and recorded
within standard EGI package Net Station 4.3.1. EEG was sampled
at 250 Hz and band-pass filtered at 0.3-100 Hz. Electrodes
impedance was kept below 50 KQ. Raw EEG data were recorded
with the vertex (Cz) as the online reference and re-referenced off-
line to a linked-mastoid reference. Stimuli were delivered with E-
prime 2.0. E-prime sent to Net Station all different markers related
to the beginning of each event (black screen, fixation cross,
experimental stimulus presentation, attentive stimulus presenta-
tion) and labeled the experimental conditions and events. The
experimenter, seated in front of the acquisition computer monitor,
checked participants movements through a video camera
synchronized with the EEG traces. When participants moved,
the trial was automatically excluded from further analysis.

EEG data analysis. Data were analyzed using the Net
Station software. Data were filtered offline with a band-pass filter
1-30 and re-referenced to a linked-mastoid reference using as
reference the average signal registered from electrodes 57 and 100.
This reference is considered suitable to minimize the alteration of
the signal coming from the central areas of the brain [38]. The
EEG signal was segmented into 1,200 ms epochs (single trial)
starting 200 ms before the stimulus appearance and ending
1000 ms after it. Each segment included 200 ms corresponding
to the fixation cross (considered as the baseline) and the entire
duration of the stimulus presentation period (1000 ms). Trials with
eye blinks, eye movements and muscular artifacts were identified
and rejected on the basis of the Net Station artifacts detection tool.
In addition, two experimenters made a double blind careful visual
inspection of all segments to detect residual artifacts contamina-
tion. Two participants, having a number of artifact-free trials that
was less than 50%, were discarded. The average number of
artifacts-free trials kept for statistical analyses was 32.7 (SE *1.6;
72,6%) for the Paintings and 32.9 (SE *£1.9, 73,1%) for the
Modified stimuli. T-Test was performed to compare the number
of artifact-free trials between the two conditions and no statistically
significant difference was found (p>0.5).

For each participant, EEG data from 200 ms before stimulus
presentation onset (baseline) through 1000 ms after stimulus onset
were averaged off-line. The grand average was obtained averaging
the single averages of all participants. In order to select the
temporal windows to be used for ERP analyses, a T-test was
conducted between the two conditions on the signal amplitude of
each participant. T-test was conducted for the entire duration of
the temporal segment and on all 128 electrodes (Net Station
software tool, p</=0,01). The selected temporal window (260—
328 ms after stimulus presentation) was used for the ERPs peak
latency and mean amplitude analyses. Different clusters of
electrodes were used for statistical extraction: three electrodes
around F3-I4 (24-28-20; 124-118-117), three electrodes around
C3-C4 (36-41-42; 104-103-93) and three electrodes around P3-P4
(52-59-60; 85-91-92, see Figure 2). ERPs mean amplitude and
latency were averaged between electrodes of each cluster.

In order to assess ERP differences between conditions in the
mean amplitude and peak latency, we performed two separated
3X2X2 repeated measures ANOVAs on the negative component
identified in the selected temporal windows (260-328 ms after the
stimulus presentation). Both the ANOVAs had Cortical Region
(Frontal, Central and Parietal), Hemisphere (Left and Right) and
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Condition (Paintings vs. Modified stimuli) as within subjects
factors. Post-hoc tests (Newman-Keuls, test p<=0,05) were
applied on all significant main factors and interactions.
Standardized Low-Resolution
Brain Electromagnetic Tomography (s-LORETA, 39) software
(downloaded from academic open source web site http://www.
uzh.ch/keyinst/loreta.htm) was used for source localization
analysis. The cortical three-dimensional distribution of current
density was calculated in order to localize the optimal neuroan-
atomical generators of the statistically significant negative
component, in the selected time window (see below).

The sSLORETA allows a tomography with unbiased localization
[39,40,41], although with low spatial resolution. The 3D brain
compartment of the model is restricted to the cortical gray matter/
hippocampus of a realistic head model [42], as determined by the
probabilistic Talairach atlas [43], using the MNI152 adult
template. On this template the sSLORETA software computes
the electrodes position taken from Jurcak 2007 [44] and
Oostenveld and Praamstra 2011 [45]. The brain compartment
includes 6239 voxel, each one corresponding to an equivalent
current dipole as theorized by distributed models. Analyses were
conducted on the averaged intra-subject differential signal of
Paintings minus Modified stimuli. The current density resulted
from the subtraction between conditions (Paintings - Modified
stimuli) was computed for the 6239 brain matter voxels in the
whole duration of the segment (1200 ms). From the obtained
differential signal, two different time windows were extracted for
the statistical analysis. The first time window (observation
Paintings - Modified stimuli) was of 268-320 ms (52 ms equivalent
to 13 time frames of 4 ms each) and encompassed the negative
ERP component previously identified by the T-test conducted on
the single averages of all participants between the two conditions
(see above in 2.5 section). The second time window lasted from
—64 to —12 ms before stimulus presentation, equivalent to 52 ms
and 13 time frames. By means of a T-test we compared the current
densities of the differential signal of these two time windows.

Questionnaire analysis. The scores of “Iamiliarity”, “Aes-
thetic appraisal”, “Amount of movement” and “Artistic nature”
that participants gave to the 3 Original and 3 Modifed stimuli
were averaged in order to have 2 averages for each of the four
questionnaires for both experimental conditions. Four different T-
tests were then applied on the resulted averages in order to
compare the scores of each questionnaire for the Original and
Modified stimuli.

ERPs source localization.

Results

Time Window Detection

Figure 3 shows the grand average ERP waveform of the scalp as
function of condition: Paintings (blue line) and Modified stimuli
(red line). A negative fronto-central deflexion is evident and it is
modulated between the two conditions, being much larger during
the observation of Paintings than during the observation of
Modified stimuli.

Figure 4 shows the grand average ERP waveform recorded
from Frontal (F3 and F4), Central (C3 and C4) and Parietal (P3
and P4) electrodes in both Conditions.

In order to select an appropriate time window for further
statistical analyses, a T-test (Paintings vs. Modified, p<=0,01) has
been applied on the entire segment temporal length (1200 ms). T-
test comparison resulted in the occurrence of a fronto-central
statistically significant difference (p<<0.01) in the amplitude signal,
starting 240 ms after stimulus appearance (Figure 5) and ending
400 ms after it. In order to include the peak of this negative ERP
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Figure 2. Clusters of electrodes selected for the analysis of ERP component. Six different clusters, of three electrodes each, have been

selected: 2 frontal (red), 2 central (blue), and 2 parietal (yellow).
doi:10.1371/journal.pone.0075241.9002

component, we took a time window from 260 to 328 ms after
stimulus presentation. This negative ERP component was used to
conduct two repeated measures ANOVAs, one on the ERP mean
amplitude and one on the peak latency.

ERP Negative Component Analysis

Results of the repeated measures ANOVA performed on the
amplitude of ERP negative component showed a significant main
effect of Region (F(2, 36)=23,2 p<<0.001) and Condition (F(1,
18)=5,2 p<0.05). The same analysis revealed two significant
interactions: RegionXCondition (F(2, 36)=24,1 p<<0.001) and
HemisphereXCondition (F(1, 18) = 8,3 p<<0.01). Post-hoc applied
on the main effect of Region showed significantly higher
amplitude of the negative ERP in the Frontal region, intermediate
amplitude in the Central region, and finally, the lowest amplitude
value in the Parietal Region (all p, <0,05). More interestingly, the
post-hoc comparisons, applied on Condition main effect, high-
lighted significantly higher negative ERP amplitude during the
observation of Paintings than during the observation of Modified
stimuli (p<0.05). The investigation of the RegionXCondition
interaction (see Figure 6) showed a significant higher ERP
amplitude when participants observed Paintings compared to the
observation of Modified stimuli only in the Frontal (p<<0.001) and
Central Regions (p<<0.005), but not in the Parietal electrodes
(p>0.05). In addition, the ERP amplitude, evoked by the

PLOS ONE | www.plosone.org

observation of Paintings, decreased moving from Frontal to
Central and Parietal Regions (all p; <0.001) as well as it occurred
during the observation of Modified stimuli (all p, <0.005).

The ANOVA performed on latency peak values of the negative
ERP component resulted only in a significant main effect of
Region (F(1, 36)=10,5 p<0.001). Newman-Keuls post-hoc test
applied on the significant main effect of Region showed a greater
latency of the negative component in the Parietal region compared
to the Frontal and the Central areas (all p; p<0.001).

Source Localization

Table 1 lists the cortical regions with significantly different
(p<<0.01) activations obtained comparing observation (observation
of Painting Stimuli (PS) — observation of Modified Stimuli (MS))
with baseline (baseline PS-MS) time windows. The significant
activations have been divided in four different clusters on the basis
of their functional significance. The first cluster included the visual
areas, the second incorporated areas belonging to the sensorimotor
circuits, the third cluster included the left prefrontal areas, and
finally, the fourth cluster encompassed the orbito-frontal regions.

The above mentioned ERP sources are visualized in Figure 7.
The ERP sources that could be classified as part of sensorimotor
circuits are statistically significant, and mainly localized on the
right hemisphere (dashed lines). In particular the areas with a
higher T values were: BA 40 (panel E), BA 4 (panels A, E and F),
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Figure 3. Grande-average ERP waveform (19 participants). The different colors indicate the 2 different Conditions: Paintings (blue line) and

Modified stimuli (red line).
doi:10.1371/journal.pone.0075241.g003

BA 22 (panel E) and BA 6 (panels A and E). On the left
hemisphere one significant ERP sensorimotor source has been
identified and it corresponded to BA 7 (panel B and F). The
prefrontal cluster (continuous lines) was localized on the left
hemisphere and was represented by Medial (BA 25), Superior (BA
8, BA' 9 and BA 10) and Middle (BA 8) Frontal gyrus (panels B, D
and E). The orbitofrontal cluster (dotted lines) was formed by
bilateral activation of BA 11 and an additional source localized in

the right BA 32 (panels B, C and D).

Questionnaire Analysis

The results of the T-test applied on the averaged score that
participants gave to the “Amount of movement” showed a
significant higher score (p<<0,01) for Paintings than Modified
stimuli. A similar result was obtained with the averaged score that
participants gave to the “Aesthetic appraisal”, being the Aesthetic
appraisal significantly higher (p<<0,001) for Paintings than
Modified stimuli (see Figure 8). The averages of the Familiarity
score participants gave to the 3 Original and 3 Modified stimuli
were 1,90 (SE +/—0,56) and 1.00 (SE +/—0,41) indicating that
they were poorly familiar with both types of stimuli. In addition,
the T-test resulted not significant (p=0,22), thus showing that
participants were equally poorly familiar to Modified and
Paintings images. The averages of the percentage of the Artistic
nature score were 87,71 (SE +/—3.50) for the 3 Original and
33.33 (SE +/—1,75) for 3 Modified stimuli. T-test applied on these
two averages resulted significant (p<<0,001) indicating that
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Original stimuli were perceived as original art works while
Modified stimuli were not.

Discussion

The aim of this study was to investigate the cortical motor
responses to the observation of static works of abstract art by Franz
Kline. We sought to establish whether the implicit movement
existing in the images shown, as brushstroke traces, was sufficient
to activate the cortical motor circuits recruited by the artist during
the actual execution of the observed brushstrokes.

We recorded EEG signals during the passive observation of
digital images of three different artworks by Franz Kline (Paintings
Stimuli) and three control images (Modified stimuli). The control
images were designed in order to reduce the dynamic components
of the original Paintings, while keeping the same graphic pattern.
What should be emphasized here is that the experimenters always
named all stimuli as “images” without advising participants of
their artistic relevance.

The results of the ERP mean amplitude analyses showed that
observation of Paintings produced a clear and significantly greater
cortical activation than observation of modified stimuli. This
difference lays in a negative deflection occurring from 260 to
328 ms after stimulus presentation at frontal and central scalp
sites. Such negativity can be compared with a similar component
present in an ERP study focused on the comparison between
action observation and execution [46], demonstrating a centro-
lateral and parietal negativity during the observation of finger
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0.2 sec

Figure 4. ERP waveforms recorded over frontal (F3 and F4), central (C3 and C4) and parietal (P3 and P4) sites. The different colors
indicate the 2 different Conditions: Paintings (blue line) and Modified stimuli (red line). Paintings evidently have a greater effect especially on the

signal recorded on left frontal and central sites.
doi:10.1371/journal.pone.0075241.g004

movements. These authors proposed that this negative ERP,
accompanying movement observation, might correspond to the
negative MRPs (Motor Related Potentials) found during motor
execution [47,48]. The similarity between the results obtained in
our study and that of Babiloni and his coworkers [46] strongly
support the hypothesis that the difference between conditions
recorded from frontal and central scalp sites in our study was due
to a cortical motor activation during observation of painting
images. The negative ERP recorded during the observation of
Paintings could represent the cortical motor representation of the

hand gestures whose consequences, the brushstrokes, are directly
observed by participants.

Most ERP studies of cortical motor functions use, as electro-
physiological marker of motor activation, the lateralized readiness
potential (LRP), an anticipatory potential preceding movement
execution [49,50]. The presence of this negative ERP component
was also demonstrated during the observation of grasping actions
[51,52,53]. However, a necessary condition for the occurrence of
RPs is the expectancy of an upcoming movement, whether
executed or observed, while our study did not include any explicit

p<0.01
.
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Figure 5. T-test applied on the two conditions (Paintings vs Modified stimuli). It was conducted on bins of 40 ms each for the entire
segment duration (from —200 to 1000 ms). In the upper part of the figure the t values topomaps are shown. The lower part of the figure shows the
modulation, in the two experimental Conditions (blue line =Paintings; red line = Modified stimuli), of grand averaged signal recorded from C3.
240 ms after stimulus presentation the two conditions significantly differ on the fronto-central electrodes.

doi:10.1371/journal.pone.0075241.g005
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Figure 6. Modulation of the negative ERP component during observation of Paintings and Modified stimuli. Bars represent significant
RegionXCondition interaction resulted from the ANOVA performed on the mean amplitude (uV). Paintings (dark gray) and Modified stimuli (light
gray). In the frontal and central electrodes the two conditions are significantly different (¥).

doi:10.1371/journal.pone.0075241.9g006

motor condition. As a consequence we cannot compare our study
with those investigating the activation of the cortical motor system
by means of RPs. Nevertheless, we can relate our results to other
EEG studies investigating the activation of the sensory motor
cortical circuits elicited by presentation of visual stimuli.

A recent EEG study based on microstates analyses [54]
presented video-clips showing hand grasping with different grips
and contexts, suggesting different intentions of the agent. The
authors individuated a specific microstate the duration of which
was modulated by the observed type of grip, in a time window
between 200 and 300 ms after stimulus presentation. That time
window is comparable to the one used in our study.

Cortical motor activation in response to observation of static
handmade traces was found in a previous study [33] in which the
frequency spectrum of MEG activity was analyzed comparing
handwritten letters with printed letters presentation. Stronger =
20 Hz suppression was recorded during the observation of
handwritten letters than with that of printed letters These authors
conclude that such cortical motor activation simulates the hand
gestures of writing, thus allowing the observer to recognize
handwritten scripts accurately. Our results cohere with these
findings and, in addition, suggest a generalization of their
conclusions: that the motor representation of the gesture implied
in a perceived trace is part of the perceptual process even when the
traces are devoid of symbolic significance.

The source localization analyses performed in our study identified
many areas of activation, grouped into four different clusters, on the
basis of their functional properties: visual, sensorimotor, prefrontal
and orbitofrontal. Since the visual cluster lies beyond the aim of the
present study, we will not discuss it here.

Our finding of a sensorimotor activation during observation of
the visual traces of the movement that produced them in Kline’s
paintings is in accordance with Gallese’s embodied simulation
theory [27,29]. Embodied simulation theory suggests that the
activation of the same brain region both when executing actions and
experiencing emotions and sensations and when witnessing others
executing the same actions or experiencing the same emotions and
sensations allows a pre-reflexive direct understanding of the actions,
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emotions and sensations of others. According to embodied
simulation theory during art perception an empathic relationship
is established between the beholder and the artwork [12], based on
the activation of both mirror and canonical neurons. Some recent
fMRI studies were in line with the hypothesis of a pivotal role of the
embodied simulation in art perception. In particular, two recent
fMRI experiments used as stimuli sculptures selected among
masterpieces of Classical and Renaissance art [55,56]. These
studies showed the activation of the inferior parietal lobule and of
the premotor cortex, and the authors interpreted these results as
dependent on the intrinsic dynamic properties of the sculptures and
on the sense of action that they evoked in the observer. We suggest
that in our study the activation of the sensorimotor areas
corresponded to an embodied simulation of the artist’s gesture
triggered by dynamic components implicit in the visual appearance
of the marks on the painting itself. The removal of these elements
caused a significant reduction of sensorimotor activity. Further-
more, a recent behavioral study [57] demonstrated evidence for the
activation of an embodied mechanism during the observation of
abstract painting using a cognitive paradigm. The authors
highlighted the role of action in abstract art perception showing
that participants responded faster when their movement was
compatible with the direction of the observed brushstrokes, even
though the paintings were irrelevant to their task.

A recent EEG study [58] assessed the activation of the mirror
mechanism during the observation of the modern non-figurative
artwork by Lucio Fontana using the ERD (event-related sensory-
motor alpha desyncronization) as index of motor simulation. The
observation of Fontana artworks, when compared to the
observation of the control images, was accompanied by a
significant stronger ERD. Our study extends previous results
and, in addition, localizes the cortical neural regions associated
with the observation of the dynamic components of some
examples of abstract art works. In principle, any visible traces of
hand gestures could offer visual cues capable of triggering the
beholder’s cortical sensory-motor representation of the same
gesture — and not just abstract works of art. We hypothesize
that what could make art different is perhaps, among other things,
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Table 1. Significant activations (p<<0.01) resulted from the sLORETA source analysis.

Abstract Art and ERP Modulation

Region x y z t value k
VISUAL ACTIVATIONS

Right Transverse Temporal Gyrus Brodmann area 42 60 -10 10 6,61 3
Right Transverse Temporal Gyrus Brodmann area 41 55 —15 10 6,50 1
Left Angular Gyrus Brodmann area 39 —45 =75 35 583 1
Right Lingual Gyrus Brodmann area 17 10 —90 0 577 1
Left Middle Temporal Gyrus Brodmann area 21 —65 —50 =5 5,60 3
SENSORIMOTOR ACTIVATIONS

Left Superior Parietal Lobule Brodmann area 7 —25 —65 60 8,23 7
Right Inferior Parietal Lobule Brodmann area 40 65 —25 30 7,02 4
Right Precentral Gyrus Brodmann area 4 40 —25 65 6,99 6
Right Superior Temporal Gyrus Brodmann area 22 60 =5 10 6,65 6
Right Precentral Gyrus Brodmann area 6 60 0 10 6,63 7
Right Precentral Gyrus Brodmann area 43 55 —10 10 6,62 3
Left Inferior Frontal Gyrus Brodmann area 47 —25 30 -5 5,90 6
PREFRONTAL ACTIVATIONS

Left Superior Frontal Gyrus Brodmann area 9 -20 55 35 7,35 4
Left Medial Frontal Gyrus Brodmann area 25 =5 25 -20 6,38 6
Left Superior Frontal Gyrus Brodmann area 8 -20 30 50 6,34 5
Left Middle Frontal Gyrus Brodmann area 8 —25 30 50 6,29 2
Left Inferior Frontal Gyrus Brodmann area 47 -25 30 -5 5,90 6
Left Superior Frontal Gyrus Brodmann area 10 —25 55 30 5,87 2
ORBITOFRONTAL AND CINGULATE ACTIVATIONS

Left Middle Frontal Gyrus Brodmann area 11 —35 55 —-10 7,03 4
Right Orbital Gyrus Brodmann area 11 5 45 -20 6,44 6
Right Medial Frontal Gyrus Brodmann area 11 5 40 —15 6,43 7
Right Anterior Cingulate Brodmann area 32 5 40 -10 6,22 2
Left Subcallosal Gyrus Brodmann area 11 -10 25 =15 6,03 1
Right Superior Frontal Gyrus Brodmann area 11 10 55 —25 6,02 3
Right Inferior Frontal Gyru Brodmann area 11 10 40 —-20 5,98 1

doi:10.1371/journal.pone.0075241.t001

the artist’s ability to (mostly unconsciously) emphasize in the
artwork those dynamic elements likely to activate beholders’
cortical motor representations of the very movements that
produced those elements, like brushstrokes and color drops.
Kawabata and Zeki [3] already reported motor areas involve-
ment during observation of paintings with different subjects
(landscapes, portraits, still life and abstract paintings). Although
their account of this activation did not refer to an involvement of
the embodied mechanism, they suggested that perception of
emotionally charged visual stimuli mobilizes the motor system,
either to take some action to avoid the ugly or aversive stimulus or,
in the case of beautiful stimuli, to make a response toward them.
Significantly, a recent neuropsychological study [59] found that
lesions in the right hemisphere affected the “Assessment of Art
Attributes” [60], that is, a neuropsychological instrument designed
to assess six formal-perceptual and six conceptual-representational
attributes of paintings in order to break down and quantify style
and content of artworks. These authors reported that patients
with lesions in the right BA 6 and BA 44 were characterized by
a deviation in judgments of depth (one of the six formal-
perceptual attributes), animacy and abstractness (two of the six
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Coordinates are given in MNI space. Coordinates of each cortical region represent the peak voxel. The number of significant voxel in a region is identified as k.

conceptual-representational attributes). This finding, providing
evidence of right motor areas contribution to art perception, is
highly consistent with our results.

Finally, fMRI studies were performed with the aim to
mvestigate the localization of brain areas activated by passive
viewing of dance stimuli (videos) and to relate the activation of
those areas with the aesthetic evaluation of the same stimuli
[61,62]. High esthetics ratings were correlated with increased
activity, among others, in the right premotor cortex suggesting that
right hemisphere sensorimotor areas might play a role in an
esthetic response, not only to figurative art, but also to dance
perception.

A third activated functional circuit was represented by the
medial orbitofrontal and anterior cingulate cortices, corresponding
to BA 11 and BA 32, brain regions related to reward processing
[63]. The activation of these areas in response to art fits well with
other studies [3,9,10,55,64] that interpreted the activity of such
reward circuits as associated with the perception of pleasant and/
or rewarding stimuli. An interesting study [65], performed a
quantitative meta-analysis of 93 human neuroimaging studies of
aesthetic processing across multiple sensory modalities and across
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p < 0.001

Abstract Art and ERP Modulation

Figure 7. sSLORETA inverse solution applied on the difference wave ‘Paintings - Modified Stimuli’. The neural generators resulted in the
following cortical areas: sensorimotor (dashed lines), left prefrontal (continuous lines) and orbitofrontal (dotted lines), are evidenced.

doi:10.1371/journal.pone.0075241.g007

both non-art and art objects. Brown and coworkers reached the
conclusion that medial orbitofrontal cortex (BA 11) and the
anterior cingulate cortex (BA 32) are cortical areas found to be
active in relation with aesthetics processing.

The fourth group of cortical regions found to be active was
represented by left prefrontal areas BA 8, BA' 9, BA 10. These
brain areas were also detected in other studies investigating
responses to works of art [66,7] and are commonly interpreted as
being correlated with judgment tasks, especially when aesthetic
parameters are involved [67]. Jacobsen and Hofel studied the time
course of the general cognitive processes involved in aesthetic
appreciation by means of EEG experiments [68,69]. These
authors presented a pool of abstract geometric patterns that
varied in complexity and symmetry. On the basis of the
occurrence of an early negative ERP, they established a temporal
sequence for processes in a two-stage model. During the first stage,

which takes place at around 300 ms after stimulus onset, an initial
impression is formed. This process was associated with an anterior
frontomedian activity, presumably associated with evaluative
processes, and represents a fast impression formation. Interesting-
ly, our results occurred in this early time window and this
activation could correspond to a first level of aesthetic judgment.
The second step was a deeper aesthetic evaluation beginning later
In time, at close to 600 ms, and it was mainly related with an
evaluative categorization process. In addition, a study [70] showed
that the observation of works of art without stylistic information
led to a greater activation mainly of a left prefrontal region
(including areas BA 8, BA 6, BA 37, and BA 45), compared to the
observation of artworks with stylistic information. These authors
proposed two possible interpretations: one was that, when stylistic
information was not available, participants may have had
difficulties to categorize the stimuli and, therefore, tried to find

Modified

A Amount of movement B Aesthetic appraisal
51 6
451 ' x 41 *
31 21
2.51 01
21 21
1.54 41
11 61
0.5— _8 -
O Paintings Modified -10 Paintings

Figure 8. Results of the T-test conducted on the scores of the questionnaire. Scores given to the “Amount of movement” and to the
“Aesthetic appraisal” resulted significantly higher for the Paintings than for the Modified stimuli (ps<<0,01).

doi:10.1371/journal.pone.0075241.9g008
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related concepts within memory structures; another explanation
could be a more verbally oriented processing of stimuli without
provision of information and, therefore, a higher activation within
the left hemisphere. Our task during the EEG session consisted of
passive observation without any kind of explicit judgment of the
images. The reason for this choice was related to our aim of
assessing the involuntary and spontaneous activation of the cortical
motor system in response to presentation of abstract paintings.
Nevertheless, probably participants tended to make a first
impression of the images that was more pronounced for the
artworks, because they recognized them as such, as clearly
demonstrated by the results of the “Artistic nature” questionnaire.

One of the main objectives of the present study was to detect the
cortical neural regions activated by the perception of some abstract
works of art. In particular we were mainly interested in detecting
specific cortical areas activated by the observation of brushstrokes
(clearly consequences of motor acts), compared to a similar
graphic pattern deprived of these dynamic components. These
components, visual traits like gradient and inhomogeneous signs,
above defined as “dynamic”, altogether constitute the visual
specificity of a brushstroke. Relevantly, our behavioral results
indicated that the dynamic components embedded in the paintings
were linked to participants’ subjective aesthetic experience.
Indeed, a significant lower aesthetic score was given to the
modified stimuli compared to paintings. At the same time,
paintings were rated with a higher motion score, confirming their
intrinsic dynamism. Our interpretation of the results is that the
brushstrokes are responsible of the activation of sensorimotor areas
controlling the motor acts that led to their production. Further-
more, source localization results showed that paintings observation
was accompanied by motor and premotor areas activation.

We are mindful of a few caveats. First, the interpretation of the
results is not univocal. In our view, sensorimotor involvement is
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directly associated with the presence of visible hand traces, while
the activation of reward and categorizing associated areas is a
consequence of the identification of the work of art as such.

Secondly, our study is focalized to a limited number of paintings
by a single artist, which of course makes it difficult to draw
conclusions about abstract art in general. Nevertheless, this
experimental design hoped to set out a well-controlled and solid
point of departure for further studies that would hopefully expand
to a variety of stimuli representing more artists and styles.

Conclusion

Our results show that the observation of abstract paintings by
Franz Kline was accompanied by activation of premotor and
motor areas, as well as by the activation of reward-related
orbitofrontal areas, and cognitive categorization-related prefrontal
areas. The sensorimotor activation elicited by observation of
abstract paintings is an experimental evidence of the involvement
of the cortical motor system in perception of static images
belonging to abstract art. These results support the hypothesis
postulating the role of embodied simulation of artist’s gestures in
the perception of his/her works of art, grounded on the activation
of the physiological mirror mechanism instantiated by cortical
premotor areas. Orbitofrontal and left prefrontal activations in our
view deal with the emotional and the cognitive dimensions of art
perception, respectively.
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