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Abstract 

Perceiving art is known to elicit motor cortex activation in an observer’s brain. This motor 

activation has often been attributed to a covert approach response associated with the emotional 

valence of an art piece (emotional reaction hypothesis). However, recent accounts have proposed 

that aesthetic experiences could be grounded in the motor simulation of actions required to produce 

an art piece and of the sensorimotor states embedded in its subject (embodied aesthetic hypothesis). 

Here, we aimed to test these two hypotheses by assessing whether motor facilitation during artwork 

perception mirrors emotional or motor simulation processes. To this aim, we capitalized on single 

pulse transcranial magnetic stimulation revealing a two-stage motor coding of emotional body 

postures: an early, non-specific activation related to emotion processing and a later action-specific 

activation reflecting motor simulation. We asked art-naïve individuals to rate how much they liked 

a series of pointillist and brushstroke canvases; photographs of artistic gardens served as control 

natural stimuli. After an early (150 ms) or a later (300 ms) post-stimulus delay, motor evoked 

potentials were recorded from wrist-extensor and finger muscles that were more involved in 

brushstroke- and pointillist-like painting, respectively. Results showed that observing the two 

canvas styles did not elicit differential motor activation in the early time window for either muscle, 

not supporting the emotional reaction hypothesis. However, in support of the embodied aesthetic 

hypothesis, we found in the later time window greater motor activation responses to brushstroke 

than pointillist canvases for the wrist-extensor, but not for the finger muscle. Furthermore, this 

muscle-selective facilitation was associated with lower liking ratings of brushstroke canvases and 

with greater empathy dispositions. These findings support the claim that simulation of the painter’s 

movements is crucial for aesthetic experience, by documenting a link between motor simulation, 

dispositional empathy, and subjective appreciation in artwork perception. 
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1. Introduction 

What drives a person to approach an artwork in a museum, and then spend some time beholding 

that particular piece? The aesthetic experience represents a unique case in human perception as 

perceiving an object is not inherently linked to act on it, but to the appreciation of its properties 

(Chatterjee & Vartanian, 2014; Kirsch, Urgesi, & Cross, 2015; Sarasso et al., 2019). From a 

neuroscientific perspective, the aesthetic experience can be conceived as the event allowing a 

beholder to “perceive-feel-sense” an artwork (Di Dio & Gallese, 2009), and involves a rich 

interplay between brain networks linked to perception, reward, and cognition (Chatterjee & 

Vartanian, 2014; Di Dio & Gallese, 2009; Kirsch, Urgesi, et al., 2015; Pearce et al., 2016). 

However, since the very first studies that used human neuroscience methods to begin to map 

aesthetic experiences (Kawabata & Zeki, 2004; Vartanian & Goel, 2004) it has been shown that 

viewing an artwork also involves activation of the beholder’s motor areas next to sensory and 

reward areas. It is unclear, however, whether this motor activation reflects a non-specific emotional 

response to a piece of art or whether it rather mirrors the simulation of the sensorimotor states 

embedded in art. 

A pioneering neuroimaging study of art perception showed that, while the reward network activates 

more strongly when viewing pleasant paintings, the motor cortex was shown to be more strongly 

activated when participants viewed paintings they rated as ugly, compared to those rated as pleasant 
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or neutral (Kawabata & Zeki, 2004). A similar pattern of motor activation was found during the 

observation of human-form sculptures rated as ugly or pleasant (Di Dio, Macaluso, & Rizzolatti, 

2007). Equally, a magnetoencephalography study (Cela-Conde et al., 2009) reported, for a 300-700 

ms post-stimulus interval, greater activation of sensorimotor cortices in response to artworks rated 

as more beautiful than less beautiful. The involvement of the motor cortex in artwork perception 

was ascribed by these earlier neuroimaging studies to a covert emotional response to a piece of art. 

This emotional reactivity was deemed to prepare the observer to respond to a stimulus either to 

avoid an unpleasant/ugly or to approach a pleasant/beautiful one (Armony & Dolan, 2002; 

Kawabata & Zeki, 2004). Accordingly, several studies have highlighted that the basic emotional 

states of pleasure (leading to an approaching response) and pain (leading to an avoiding response) 

play a major role in aesthetic experience (Xenakis & Arnellos, 2015; Xenakis, Arnellos, & 

Darzentas, 2012). 

Crucially, in contrast to the emotional reaction account, motor activation in artwork perception has 

been reframed in an embodied simulation account of aesthetics (Freedberg & Gallese, 2007), which 

claims that aesthetic experience is grounded in the simulation of actions, emotions, and bodily 

sensations induced by art. In this account, the engagement of a viewer’s motor system facilitates the 

simulation of the sensorimotor correlates of actions depicted on a canvas and/or of the artist while 

producing an artwork (e.g., the actions/brushstrokes required to produce a painting or sculpture, or 

the human body’s motions involved in dancing or acting; Heimann et al., 2019). This motor 

simulation underpins an empathic response toward a piece of art, ultimately contributing to its 

aesthetic appreciation (Kirsch, Urgesi, et al., 2015; Ticini, Urgesi, & Calvo-Merino, 2015). In line 

with this view, single-pulse transcranial magnetic stimulation (spTMS; Battaglia, Lisanby, & 

Freedberg, 2011) electroencephalography (Sbriscia-Fioretti, Berchio, Freedberg, Gallese, & Umiltà, 

2013; Umilta’, Berchio, Sestito, Freedberg, & Gallese, 2012), and neuroimaging (Lutz et al., 2013) 

studies have shown greater activation of fronto-parietal areas, known to match action execution 
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with action observation (Rizzolatti & Craighero, 2004), during the observation of paintings as 

compared to modified, non-artistic stimuli. Furthermore, it has been shown that mimicking the 

emotional expression depicted in Renaissance and Baroque portraits increases their aesthetic 

appreciation, in particular in those individuals experienced in art appreciation while also reporting 

higher disposition to take others’ perspective and to identify with others (Ardizzi et al., 2020). 

Taken together, these findings suggest a tight link between simulation, empathy, and an observer’s 

aesthetic experience (Gernot, Pelowski, & Leder, 2018). 

Further compelling evidence in favor of embodiment in aesthetic appreciation has come from a 

study by Leder and colleagues (Leder, Bär, & Topolinski, 2012), reporting that participants’ 

aesthetic appreciation of paintings was enhanced when they were asked to perform actions that 

matched the artist’s painting style. In this study, participants rated how much they liked pointillist-

style (Neo-Impressionist) paintings and brushstroke-style (Post-Impressionist) paintings before, 

during, and after performing either repetitive pointillist-like stippling or brushstroke-like stroking 

movements. The results showed that participants preferred pointillist- over brushstroke-style 

paintings in stippling movements and brushstroke- over pointillist-style paintings in stroking 

movements. The authors ruled out that simply viewing the hand movements might have led to a 

style matching or congruency effect as the participant’s hand was hidden from view. However, if 

executed and observed actions would conflate in a matching sensorimotor representation (Prinz, 

1997), the simulation of an artist’s style should be boosted by the observation and not only 

execution, of congruent movements. This was tested in a subsequent study (Ticini, Rachman, 

Pelletier, & Dubal, 2014), where participants were trained to execute brushstrokes with either 

stippling (using a precision grip) or stroking (using a power grip) movements before asking them to 

provide liking ratings for a series of pointillist-style canvases. The presentation of each canvas was 

preceded by a static image of a hand holding a paintbrush with a precision or a power grip, thus 

priming a pointillist- or a brushstroke-like painting style, respectively. The results showed that the 
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participants’ liking ratings of paintings increased after the presentation of action primes that 

matched the artist’s style, further suggesting that the activation of congruent motor representations 

in action observation boosts an observer’s aesthetic appreciation of a piece of art.  

However, these behavioral studies cannot tell us anything about the extent to which action priming 

modulates the response of the observer’s motor cortex to artworks. Nor can they disentangle 

whether these behavioral priming effects truly reveal the contribution of motor simulation to 

aesthetic appreciation or instead reflect general emotional responses to the observation of action 

outcomes (i.e., a painted canvas) that are congruent with an executed (Leder et al., 2012) or 

observed (Ticini et al., 2014) movement. In other words, it is possible that viewing or executing 

actions (e.g., pointillist-like painting movements) may influence a more favorable attitude toward 

congruent (e.g., pointillist-style canvases) than incongruent (e.g., brushstroke-style canvases) 

stimuli. This would not necessarily reflect that aesthetic experience is inherently linked to 

simulation of the painter’s movements. Indeed, recent evidence suggests that viewing stimuli of 

negative or positive valence differentially modulates the aesthetic appreciation of subsequently 

presented abstract forms or body postures (Boukarras, Era, Aglioti, & Candidi, 2020; Era, Candidi, 

& Aglioti, 2015, 2019). Similarly, viewing pictures of everyday life situations with positive or 

negative valence or of emotional body language triggers motor activation in observers 

(Borgomaneri, Gazzola, & Avenanti, 2015; Tamietto et al., 2009) as does viewing artworks 

(Battaglia et al., 2011). Thus, emotion processing and aesthetic experience are intrinsically 

intertwined at both neural and behavioral levels (Kirsch, Urgesi, et al., 2015), leaving open the 

question whether motor responses to a piece of art reflect simulative action representations or 

general emotion reactivity.  

Previous studies (Borgomaneri et al., 2015; Naish, Houston-Price, Bremner, & Holmes, 2014) have 

demonstrated that activations of an observer’s motor cortex in response to motor simulation and 

emotion processing occur in distinct spatio-temporal profiles. By combining spTMS with 
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electromyographic recording of motor evoked potentials (MEPs), it is possible to record the level of 

corticospinal excitability (CSE) of specific muscles at precise delays after stimulus presentation 

(Amoruso & Finisguerra, 2019; Avenanti, Candidi, & Urgesi, 2013; Fadiga, Craighero, & Olivier, 

2005). The literature indicates that action simulation facilitates CSE mainly in the muscles that are 

used during the execution of observed movements (Naish et al., 2014; Urgesi, Candidi, Fabbro, 

Romani, & Aglioti, 2006) around 200 ms post-stimulus presentation (Lepage, Tremblay, & Théoret, 

2010; Naish et al., 2014; Ubaldi, Barchiesi, & Cattaneo, 2013). Conversely, emotion-related motor 

responses tend to occur earlier (less than 150-200 ms after stimulus presentation) and are void of 

muscle specificity (Borgomaneri et al., 2015; Tamietto et al., 2009). Specifically, measuring CSE at 

different time-points after the presentation of body postures, Borgomaneri et al. (2015) confirmed a 

two-stage processing of emotional body postures in the motor cortex. At 150 ms, they found an 

emotion-specific CSE modulation for stimuli that implied an emotional compared to a neutral 

movement. Conversely, at 300 ms they found an action-specific CSE modulation for stimuli 

implying a movement (either emotional or neutral) as compared to static stimuli. Here, we 

capitalized on this dissociation between early (generalized and related to emotion processing) and 

later (action-specific and reflecting simulative motor mapping) CSE modulations to test whether the 

activation of the motor cortex during artwork perception reflects the emotional reaction to an 

artwork or rather the motor simulation of the acts that are required to produce the piece of art. 

Namely, we aimed to test at which processing stage and at which level of action-specificity the 

aesthetic value of a stimulus influences motor cortex activity.  

To this aim, we measured CSE during the observation of canvases painted with a pointillist- or a 

brushstroke-like style or of photographs of historical gardens (control stimuli) while art-naïve 

participants rated how much they liked each painting/photographs. To dissociate early from later 

activations, spTMS-evoked MEPs were measured at an early (150 ms) and a later (300 ms) stage of 

stimulus processing. Moreover, to dissociate non-specific from action-specific activations, MEPs 
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were recorded from a muscle of the right index finger (i.e., first dorsal interosseous, FDI) and from 

a muscle of the forearm (extensor carpi radialis, ECR), as these muscles are differently involved in 

generating pointillist- or brushstroke-like paintings using a precision or a power grip to hold the 

paintbrush (see 3.5. Control Experiment). We hypothesized that an early non-specific CSE 

modulation would reflect the emotional processing of artwork, supporting the emotional reactivity 

hypothesis (Cela-Conde et al., 2009; Kawabata & Zeki, 2004), whilst a late muscle-specific CSE 

modulation would reflect motor simulation processes, supporting the embodied aesthetic hypothesis 

(Freedberg & Gallese, 2007). Moreover, according to the emotional reaction hypothesis (Cela-

Conde et al., 2009; Kawabata & Zeki, 2004), we expected that the early response should occur 

independently of the recorded muscle and painting style. Conversely, according to the embodied 

aesthetic account (Freedberg & Gallese, 2007), an action-specific modulation was expected to occur 

at a later processing stage in the observer’s motor cortex. On the one hand, pointillist-style canvases 

should elicit greater CSE facilitation of the FDI, which is more involved in performing stippling 

movements with a precision grip. On the other hand, brushstroke-style canvases should evoke 

greater CSE facilitation of the ECR, which is more involved in painting brushstrokes with a power 

grip. Furthermore, since previous studies have reported an influence of empathy on art appreciation 

(Ardizzi et al., 2020), we also collected individual measures of empathic dispositions and tested the 

modulatory role of perspective taking abilities on both motor facilitation and pleasantness rating 

responses.  

 

2. Material and Methods 

2.1. Participants  

Twenty-eight University students (11 men, aged = 24.91 ± 6.78 years) took part in the experiment. 

We determined, considering possible drop-outs, the required sample size for our 3 × 2 × 2 within-

subjects design (stimulus × muscle × ISI; numerator df = 2) through the G* power software (Faul, 
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Erdfelder, Lang, & Buchner, 2007) with the “as in SPSS” option by setting the expected effect size 

at f(U) = 0.457, the significance level at 0.05, and the desired power (1- β) at 0.80. The expected 

effect size was estimated based on previous studies, linking aesthetic preference for paintings and 

motor activity (partial eta-squared, η2
p = 0.173; Ticini et al., 2014). 

Four participants were excluded from further analyses due to technical problems during 

electromyography (EMG) signal acquisition. Thus, data analyses were carried out on a final sample 

of 24 participants (11 males, aged = 24.92 ± 6.79 years). After providing an overview of the study 

procedure, including technical information about spTMS, all participants, who remained naïve to 

the specific experimental hypothesis throughout the whole experimental session, gave written 

informed consent. After completing the whole testing session, including also the administration of a 

dispositional empathy questionnaire (see below), participants were debriefed about the experimental 

hypothesis and they were remunerated for their participation (£10/hour). All experimental 

procedures were in keeping with the ethical guidelines outlined by the 1964 Declaration of Helsinki 

as revised in 2008. The study was approved by the ethics committee of the School of Psychology of 

Bangor University, Bangor, UK (Application N. 2015-15591). All participants had normal or 

corrected-to-normal vision and they were right-handed, as assessed by a standard Handedness 

Questionnaire (Oldfield, 1971). None of the participants had contraindications to TMS (Rossi, 

Hallett, Rossini, & Pascual-Leone, 2009) or complained of any discomfort or adverse effect during 

the whole procedure.  

 

2.2. Stimuli 

The experimental stimuli consisted of a sample of 120 high quality color images adapted from the 

previous study that tested the effects of motor priming on aesthetic appreciation of canvases (Ticini 

et al., 2014). The sample included i) 40 pictures depicting canvases with a pointillist style, ii) 40 

pictures depicting canvases with a brushstroke style, and iii) 40 photographs of historical gardens. 

The rationale for choosing these stimuli was that: i) pointillist-style canvases should elicit greater 
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CSE modulation for muscles involved in performing stippling movements with a precision grip 

(i.e., FDI); ii) brushstroke-style canvases should evoke greater CSE modulation for muscles 

involved in painting brushstrokes with a power grip (i.e., ECR). Differently, iii) garden photographs 

were not expected to induce a muscle-specific CSE modulation in naïve viewers as they did not 

evoke the representation of any painting movement. Thus, photographs of gardens were used as 

control stimuli, providing a baseline measure. Canvas stimuli were selected not to depict human 

body figures or body parts in order to avoid eventual effects on CSE due to the simulation of the 

subject depicted in canvases (see list in Table 1). Garden photographs were taken from the web and 

selected to reflect different landscape garden styles and included pictures of the Château de 

Villandry, Chateau de Vaux-le-Vicomte, Gardens of Versailles, and Parc de Sceaux in France, of 

the Padua Botanic Garden, Royal Palace of Caserta, Villa Lante, and Villa Parco Bolasco in Italy; 

of the Belvedere Museum Vienna in Austria; and of the Stowe Gardens in England. Examples of 

stimuli are shown in Figure 1. All images were adjusted to a frame size of 470 × 351 pixels using 

Adobe Photoshop (Adobe Inc., San Jose, CA) and were presented on a screen with a resolution of 

1,280 ×800 pixels at a 55-cm distance to subtend 12° horizontal and 9° vertical visual angles.  

 

2.3. EMG and TMS  

EMG was recorded with silver disc surface electrodes positioned on the FDI and ECR muscles in a 

belly-tendon configuration. Electrode position for the FDI and the ECR muscles was determined by 

palpation during maximum voluntary muscles activation (i.e., the abduction of the index finger 

toward the thumb while the experimenter exerted a pressure against the radial side of the index 

finger in the direction of the middle finger for the FDI muscle; the extension of the wrist toward the 

radial side while the experimenter exerted a pressure against the dorsum of the hand for the ECR 

muscle). After skin cleaning, electrodes containing a small amount of water-soluble conductive 

paste were placed and fixed on each target positions. The reference electrodes were placed over the 
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ipsilateral metacarpal phalangeal joint for the FDI muscle and on the ulnar styloid process for the 

ECR. The ground electrode was placed at the right elbow. Electrodes were connected to a Biopac 

MP-36 system (BIOPAC Systems, Inc., Goleta, CA) allowing amplification, band-pass filtering (5 

Hz to 20 kHz, notch filter 50 Hz) and digitization of the EMG signal (sampling rate: 50 kHz). The 

signal was stored on a personal computer for display and later off-line data analyses.  

TMS was delivered to the scalp portion overlying the left motor hand region through a 50-mm-

figure-of-eight coil (Magstim polyurethane-coated coil) connected to a Magstim 2 stimulator 

(Magstim Company, Carmarthenshire, Wales, UK). We determined the optimal position for 

activation of both muscles (i.e. the scalp position from which maximal amplitude MEPs were 

elicited) by moving the coil in approximately 0.5 cm steps around the presumed motor hand area 

and stimulating with a constant, slightly supra-threshold stimulus intensity. The coil was placed 

tangentially to the scalp with the handle pointing backward and laterally to form a 45° angle with 

the sagittal plane. This coil orientation induced a posterior-anterior current in the brain. The optimal 

position of the coil was then marked with a pen on a cap placed on the scalp to ensure correct coil 

placement throughout the experiment. For the whole experiment, the coil was fastened to an 

articulated mechanical arm. The resting motor threshold (rMT) was then defined as the minimum 

stimulus intensity (expressed as percentage of maximum stimulator output) able to produce MEPs 

of at least 0.05 mV peak-to-peak amplitude in at least 5 out of 10 consecutive trials (Rossini et al., 

2015) in the lower threshold muscle (i.e., FDI). This procedure was used to avoid saturation of its 

CSE modulation (Devanne, Lavoie, & Capaday, 1997) and possible loss of observation-related 

modulation (Loporto, Holmes, Wright, & McAllister, 2013). Participants’ rMT ranged from 33% 

and 75% (mean rMT = 44.42 ± 10.42%) of the maximum stimulator output. During the experiment, 

spTMS was applied over the identified hotspot at a stimulation intensity corresponding to 120% of 

the individual’s rMT. This procedure allowed us to reliably record MEPs from both muscles. The 

EMG data were collected for 250 ms starting at 100 ms before the TMS pulse.  
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2.4. Task and procedure 

2.4.1. Art familiarity  

Before starting the main experimental sessions, we assessed participants’ familiarity with art 

through the Art Experience Questionnaire (Chatterjee, Widick, Sternschein, Smith, & Bromberger, 

2010), adapted to the European context (Ticini et al., 2014). This self-report screening questionnaire 

consists of 8 items ascertaining experience in studio art, art history, theory and aesthetics classes 

taken at high school level or above, the frequency in visiting museums or galleries, and the 

approximate number of hours spent each week in making art, reading artistic publications, or 

looking at art. For the purpose of the current study, this questionnaire allowed probing that 

participants were artistically-naïve subjects.  

2.4.2. Experimental sessions  

The main experiment consisted of three consecutive experimental sessions, performed in the same 

day and overall lasting approximately 60 minutes.  

In an initial visuomotor training session, participants were motorically primed to two different 

painting styles by being asked to paint on white sheets of paper with a pointillist- (on 10 sheets of 

paper) or brushstroke-like (on another 10 sheets of paper) style (Fig. 2A). They were free to choose 

the order between the two styles and the objects of their painting, but they were instructed to grab 

the paintbrush by using a precision grip for the pointillist-style and a power grasp for the 

brushstroke-style paintings. This procedure allowed participants to familiarize themselves with the 

two styles while strengthening the association between the style and the movement to perform it 

(Ticini et al., 2014). During this visuomotor training, EMG activity was not recorded. In keeping 

with previous studies (Ticini et al., 2012), the rationale for performing this training was to prime 

participants with a specific association between different painting styles and different ways to grasp 

and hold the brush to paint. In particular, we tried to ensure that all participants associated a 
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precision grip of the brush with the movements performed to produce a pointillist-like painting and 

between a power grip of the brush and the movements performed to produce a brush-stroke-like 

painting. This way, we aimed to reduce interindividual variability in the motor strategies for 

holding the brush to produce pointillist- or brushstroke-like paintings, which could be particularly 

relevant in our sample of art-naïve participants.   

During the TMS session, participants were seated on a comfortable chair with their right forearm 

resting on a pillow. They were instructed to keep their hands still and as relaxed as possible. They 

were asked to perform a liking rating task: they were presented with the pictures of canvases or 

garden photographs and in each trial, after stimulus offset, they were asked to rate on a 7-point 

Likert like scale how much they liked the target image. Thus, participants were involved in an 

explicit aesthetic task, being in an aesthetic evaluation mode during CSE assessment. Two 

repetitions for each stimulus with the early or the late TMS delay were presented, thus leading to a 

total of 240 trials (i.e., 40 trials per cell). All trials were presented and randomized in four blocks of 

60 trials. Furthermore, in two baseline blocks administered before and after the liking-rating task, 

MEPs were recorded while participants observed a fixation cross (20 trials per block).  

Each trial started with the presentation of a central fixation cross, lasting 500 ms, and it was 

followed by the presentation of the experimental pictures (lasting 350 ms). Crucially, the spTMS 

was delivered at either 150 ms (early TMS delay) or 300 ms (late TMS delay) after the onset of the 

target picture (Fig. 2B). At picture offset, a response frame with the task question (How much do 

you like it?), the verbal descriptors (Not at all – Very Much) and the 7 numbers of the Likert scale 

written in white on a black background were presented. Importantly, we counterbalanced across 

trials the left- or right-position of the Likert verbal descriptors and numbers to prevent possible 

effects of motor preparation or of spatial attention on CSE. Participants were required to verbally 

indicate their response, which was recorded by the experimenter using a computer keyboard. A 

verbal, rather than a motor, response was requested to avoid MEP contamination (Gentilucci, 
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Bernardis, Crisi, & Dalla Volta, 2006; Tokimura, Tokimura, Oliviero, Asakura, & Rothwell, 1996). 

No time limit was given for the response, but participants were invited to respond as soon as 

possible. A black screen was presented in the inter-trial interval (lasting 5,000 ms). This way, the 

inter-pulse interval was longer than 10 seconds, thereby avoiding changes in CSE due to repeated 

exposure to TMS pulses (Chen et al., 1997). 

After the completion of the TMS session, we measured participants’ dispositional empathy by 

means of a computerized version of the Interpersonal Reactivity Index (IRI; Davis, 1996). This 

questionnaire consists of 28 self-report items, and it measures empathy-related dispositions by 

means of four subscales, namely: Perspective Taking (PT), which assesses the tendency to assume 

the cognitive perspective of another person; Fantasy Scale, which assesses the tendency to 

imaginatively transpose oneself into fictional characters’ feelings and actions; Empathic Concern, 

which assesses “other-oriented” feeling of sympathy and concern for others in need; and Personal 

Distress, which measures self-oriented feelings of personal anxiety and distress when facing others’ 

emotional unease. Importantly, while the PT and the Fantasy Scale subscales tap into cognitive 

empathy, the Empathic Concern and the Personal Distress subscales are more related to emotional 

reactivity. In particular, cognitive traits and especially PT have been shown to be associated with 

motor activation during aesthetic experience (Ardizzi et al., 2020).  

 

2.5. Control experiment 

Muscle specificity of CSE modulation during action observation is considered as a hallmark of 

action simulation as action observation is expected to facilitate CSE only in the muscles that are 

used during the execution of the same movements (Naish et al., 2014; Urgesi et al., 2006; Amoruso 

and Finisguerra, 2019). Indeed, a muscle-specific CSE modulation during action observation 

implies a change in the activation of the cortico-spinal representation of the muscles that are 

specifically involved in either action execution or observation (Fadiga et al., 2005). Thus, to ensure 
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that any muscle-specific modulation of CSE during the observation of pointillist- or brushstroke-

style paintings reflect action simulation, we needed to assess the specific involvement of the 

recorded muscles while performing pointillist- or brushstroke-like movements.  

To this aim, we recorded the EMG activity of the FDI and ECR muscles during the execution of 

movements associated with a pointillist-like or a brushstroke-like style in a separate control 

experiment. Accordingly, EMG recordings of four additional right-handed participants (1 male, age 

= 32 ± 4.34 years) who were not involved in the main experiment were collected. In each trial, as 

during the visuomotor training preceding the TMS experiment, participants were asked to paint 

either pointillist-like or brushstroke-like drawings by holding a paintbrush with their right hand with 

a precision grip or a power grip, respectively. Participants were asked to perform the movements in 

a natural way according to verbal instructions that informed them about the style to follow. 

Crucially, here we recorded EMG activity from the FDI and ECR muscles while the participants 

were producing their drawings. Thus, the participants were required to perform the movement only 

after the presentation of an auditory go signal. The EMG recording in each trial started 200 ms 

before the go signal and lasted for 2,000 ms. During this control experiment, participants performed 

20 pointillist-like and 20 brushstroke-like movements, leading to a total of 40 trials. Before starting 

the EMG recording, participants were briefly trained how to perform the movements.  

 

2.6. Data analysis 

All analyses were performed using repeated-measures Analysis of Variance (RM-ANOVA) designs 

implemented in the STATISTICA software (Stat Soft, version 10, StatSoft Inc, Tulsa, OK). 

Estimates of the effect size were obtained using  for ANOVA effects and Cohen’s d for t-tests. 

Post-hoc analysis was performed using the Duncan’s test correction, which was developed to 

reduce the risk of false negative (Type II) error when correcting for multiple comparisons 

(International journal of statistics and medical Informatics, 2016). In particular, the Duncan test is a 

2
pK
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sequential post-hoc test that reduces the size of the critical difference depending on the number of 

steps separating the ordered means; this procedure is optimal for testing in the same design effects 

that may have different sizes (Duncan, 1955; Dunnett, 1970; McHugh, 2011). The significance 

threshold was set at p = 0.05 for all statistical tests.  

2.6.1. Art familiarity 

To test whether our participants were truly artistically-naïve, the total average of the summed score 

for each question obtained in the Art Experience Questionnaire was compared with the 

corresponding total score obtained in a group of naïve participants (N=18; Ticini et al., 2014) by 

means of two-tailed, independent-sample t-test.  

2.6.2. MEP data 

An epoch of 100 ms of EMG activity was recorded before each TMS pulse to ensure MEPs were 

recorded during full muscle relaxation. Separately for each muscle, trials with background EMG 

activity exceeding the mean background activation for at least 2 SD (i.e., pre-contraction trials) and 

trials with MEP amplitude that was 2 SD below the mean background activity (i.e., trials with 

MEPs not distinguishable from noise) were removed from the analysis. For all the remaining trials 

(89.9%, SD = 11.0% for the FDI muscle, and 86.7%, SD = 13.8% for the ECR), we extracted the 

peak-to-peak amplitude (expressed in mV) of MEPs recorded from the FDI and ECR muscles 

during: i) the fixation-cross observation trials in the two baseline blocks (Pre, Post), and during the 

observation of ii) pointillist-style painting, iii) brushstroke-style paintings and iv) garden 

photographs across the four experimental blocks. MEP amplitudes were then averaged for each 

experimental condition, separately for each participant and for the two muscles, and used for further 

analyses. To reduce the positive skewness resulting from preliminary descriptive analyses 

(skewness z scores > 1.96, p < .05 for all variables), we applied a logarithmic transformation with 

log10 and constant value of 1 (Osborne, 2003) on the mean MEP amplitudes for each variable. 

Then, for each muscle, we first compared MEPs recorded during the two baseline sessions (Pre, 
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Post) by means of a two-tailed dependent-sample t-test. Once we verified that no significant 

changes in CSE occurred for the two muscles between the beginning and the end of the experiment, 

we proceeded with the following analyses. To obtain a measure of motor facilitation that was 

specific for the observed painting style but independent from the contingent effect due to the 

observation of complex (colored) and pleasant scenes, we calculated normalized indices of CSE 

modulation for the pointillist-style and the brushstroke-style paintings, separately for the two 

muscles. These indices corresponded to the percentage difference between the individual mean 

MEP amplitude during the observation of pointillist-style or brushstroke-style paintings and the 

individual mean MEP amplitude during the observation of garden photographs. The indices were 

entered into a 2 × 2 × 2 RM-ANOVA with style (pointillist, brushstroke), TMS delay (early, late) 

and muscle (FDI and ECR) as within-subjects variables.  

2.6.3. Likert liking ratings 

 Liking scores for pointillist and brushstroke canvases and for garden photographs were averaged 

for each participant. To assess the presence of a preference for one the three stimulus categories, 

individual liking ratings for each stimulus type were entered into a one-way three-level RM-

ANOVA. 

2.6.4. Correlation analyses 

We explored the relationship between CSE modulation to the observation of pointillist- and 

brushstroke-style paintings and the subjective liking measures. Specifically, in keeping with MEP 

data handling, we calculated, separately for the two TMS delays, the percentage difference between 

the individual mean Likert scores for the pointillist- or the brushstroke-style paintings and those for 

garden photographs. Then, we computed the Pearson correlation coefficients between the indices of 

CSE modulation activation and the indices of liking ratings modulation for the corresponding 

painting style and spTMS delay. Furthermore, we computed the Pearson correlation coefficients 

between the modulation indices of CSE and of liking ratings for the pointillist- and the brushstroke-
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style paintings and the individual scores at the PT subscale of the IRI questionnaire, in order to test 

the relationship between motor and subjective responses to paintings and cognitive empathy.  

Based on the correlation patterns, we used mediation analysis following established methods 

(MacKinnon, Warsi, & Dwyer, 1995) to understand whether the influence of an independent 

variable (IV) on a dependent variable (DV) could be accounted for or not by a mediator (M). 

Mediation effects were tested using the Sobel test, by applying the Goodman correction (Goodman, 

1960; MacKinnon et al., 1995). One-tailed effects were tested since the direction of the mediation 

was predicted on the basis of the correlation analysis.  

2.6.5. Control experiment  

EMG data were processed offline. For each trial, the signal was rectified and averaged into bins of 

200 ms. The mean rectified EMG signal (in mV) in each bin was measured starting from 200 ms 

before the go signal up to 1,800 ms after it (for a total of 10 bins). For each trial, the mean EMG 

signal of the first artifact-free bin was used as baseline. To allow comparison between style-

conditions and participants, the EMG signal for each trial was expressed as a percentage of its 

baseline value (EMG ratio values). We removed from the analysis 8.43% of the trials due to failure 

in data acquisition or because they were highlighted as outliers for at least three consecutive bins. 

Then, we aligned the bins of all trials for each participant, muscle and painting condition according 

to the bin with maximal mean activation (activation peak). The mean activation values of the 5 bins 

(i.e., 1,000 ms) around the activation peak of each trial were entered into two separate linear mixed 

models implemented in SPSS, one for each muscle, with painting style (two levels: pointillist and 

brushstroke styles), and bins (five levels) as fixed factors, and subject (four levels) as a random 

factor. To explore the temporal profile of muscular activations, significant effects were explored by 

means of trend analysis, investigating whether the temporal deployment of EMG activation for each 

condition across bins was best fitted by a linear, quadratic or cubic trend. Pairwise comparisons 

were also performed to test for significant differences between conditions.  
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3. Results  

3.1. Art familiarity 

Independent-sample t-test comparisons between the total score obtained in our sample (8.5 ± 6.1) 

for the Art familiarity questionnaire and the corresponding total score in Ticini and colleagues 

(2014)’s sample of art-naïve participants (6.61 ± 4.85) showed non-significant differences between 

the two groups (t(40) = 1.08; p = .286, d = 0.34), confirming that our participants were artistically-

naïve participants.  

 

3.2. MEP data  

MEP values recorded during the baseline sessions at the beginning and at the end of the 

experimental session did not significantly differ for either muscle (FDI: t(23) = -1.91, p = .07, d = 

0.56); ECR: t(23) = -0.71, p = .49, d = 0.21), showing that baseline CSE did not significantly 

change in the experiment. The raw MEP amplitudes recorded in the three observation conditions are 

reported in Table 2. The 3-way style × delay × muscle RM-ANOVA performed on the normalized 

indices of CSE modulation during observation of brushstroke- and pointillist-style paintings (vs. 

gardens photographs) revealed a significant 2-way style × delay interaction (F(1,23) = 4.91, p = 

.037, η2
p = 0.18), which was further qualified by the significant 3-way interaction with muscle 

(F(1,23) = 4.35, p = .048, η2
p = 0.16). This interaction was explored by testing, separately for the 

two muscles, the 2-way style × delay RM-ANOVA model. Concerning the analysis performed on 

MEPs recorded from the FDI muscle, no main effects or interaction were significant (all F < 1.57; 

all p > .22). Conversely, the analysis performed on the ECR MEPs revealed a significant style × 

delay interaction (F(1,23) = 9.66, p = .005, η2
p = 0.30, Fig. 3). Post-hoc analyses showed that the 
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ECR modulation during the observation of pointillist-style paintings was not significantly different 

between the early and late spTMS delays (early: 1.59 ± 3.07%; late: -2.18 ± 2.63%; p = .10). 

Conversely, during the observation of brushstroke-style paintings, the ECR CSE significantly 

increased when TMS pulse was delivered at the late (3.44 ± 2.14%) with respect to early delay (-

2.39 ± 2.39%; p = .021). Importantly, the ECR CSE at the late spTMS delay was significantly 

higher during observation of brushstroke-style paintings than during observation of pointillist-style 

paintings (p < .022). No other comparisons were significant (all p > 0.09). (Fig. 3; Table 2) 

 

3.3. Likert liking ratings 

No preferences for one of the two artwork styles nor for gardens photographs (see Table 2) was 

confirmed by the one-way ANOVA, in which a non-significant effect of style was found (F(2,46) = 

0.37, p = 0.695, η2
p =0.016).  

 

3.4. Correlation analyses 

Based on the main CSE modulation results, we restricted the correlation analyses to the 

relationships between the ECR CSE modulation for brushstroke-style paintings at the late spTMS 

delay, the aesthetic appreciation modulation for brushstroke-style paintings at the late spTMS delay, 

and the dispositional empathy scores at the PT sub-scale of the IRI questionnaire. Cook’s distance 

was used to identify influential data points leading to the exclusion of 2 participants as outliers 

(Cook & Weisberg, 1983). A false discovery rate (FDR) correction was used to control for multiple 

correlation testing.  

We found that the ECR CSE modulation at the late spTMS delay showed a significant negative 

correlation with the corresponding index of liking ratings for brushstroke-style paintings (r = -.46, 

p(corrected) = .032; Fig. 4a) and with PT dispositions (r =  -.489, p(corrected) = .032; Fig. 4b). 
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Interestingly, a positive correlation between the index of liking ratings for brushstroke-style 

paintings and PT dispositions was found (r = .56, p(corrected) = .014; Fig. 4c). 

Given this pattern of trine reciprocal correlations, we asked whether dispositional empathy 

influenced both the CSE modulation and the aesthetic appreciation directly, or whether the 

influence of PT on one variable (i.e., CSE or aesthetic appreciation modulation) was mediated by 

the other variable. Analogously, we tested whether dispositional empathy mediated the relationship 

between aesthetic appreciation and CSE modulation. Thus, four models were tested. With respect to 

the first model (i.e., mediation of liking ratings on the influence of PT abilities on CSE modulation; 

Fig. 5a), we found that while PT negatively predicted CSE modulation, this influence was not 

mediated by the liking ratings (Sobel test, z = -1.14, p = .13). Analogously, for the second model 

(i.e., mediation of CSE modulation on the influence of PT abilities on liking ratings; Fig. 5b), we 

found that while PT positively predicted liking ratings, no evidence of mediation by CSE 

modulation was found (Sobel test, z = 1.13, p = .13). Moving to a possible role of PT abilities in 

mediating the relationship between CSE modulation and liking ratings, when we tested for the third 

model (i.e., mediation of PT abilities on the influence of liking ratings on CSE modulation; Fig. 5c), 

we found that the significant influence of liking ratings on CSE modulation was not mediated by PT 

(Sobel test, z = -1.37, p = .08). Conversely, only for the fourth model (i.e., mediation of PT on the 

influence of CSE modulation on liking ratings; Fig. 5d) we found evidence of mediation, since the 

negative relationship between CSE modulation and liking ratings was significantly affected by the 

inclusion of dispositional empathy as a mediator (Sobel test, z = 1.68; p = .047).  

 

3.5. Control experiment 

The linear mixed model on the EMG ratio values recorded from the FDI muscle revealed significant 

main effects of the fixed factors Bin (F(4,790) = 8.87, p < .001) and Style (F(1,790)= 49.42, p < 

.001), but a non-significant interaction between Style and Bins (F(4,790) = 1.47, p = .209). Thus, 
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the pattern of EMG activation of the FDI muscle was overall higher for painting with a pointillist- 

than brushstroke-like style, but no differentiation of its motor involvement was found during the 

movement (Fig. 6). Conversely, the linear mixed model on values recorded from the ECR muscle 

revealed significant main effects of Bin (F(4,790) = 43.7, p < .001), Style (F (1,790) = 212.59, p < 

.001), and a significant interaction between Style and Bin (F(4,790) = 18.85, p < .001). Thus, the 

pattern of EMG activation for the ECR revealed that not only was it overall greater for brushstroke- 

than pointillist-like painting, but also it was differently modulated for the two styles during the 

movement. Polynomial contrasts revealed a significant quadratic trend while participants were 

painting with a pointillist-like style (F (1,790) = 8.5, p = .004), whereas the other trends were not 

significant (all F(1,790) < 1). Crucially, for the brushstroke-like style, polynomial contrasts 

revealed that both quadratic and cubic trends were significant (polynomial quadratic contrast: 

F(1,790) = 202.25, p < .001; polynomial cubic contrast: F(1,790) = 11.51, p < .001), while the 

linear trend was not significant (F(1,790) = 1.93, p = .164). Thus, while the pattern of ECR 

activation followed an inverted U-shaped curve during pointillist-like painting, peaking at the 

brush-paper touch and decreasing soon after, the activation during brushstroke-like painting was 

partially maintained after the brush-paper contact and during stroking. Accordingly, planned 

comparisons between the two styles at each bin revealed that the two styles did not differ at the first 

bin (F(1,790) = 1.98, p = .159), while the ECR muscle activation was higher during brushstroke-

like than pointillist-like style painting from the second up to the last bin (all F(1,790) > 13.99, p < 

.001).  

 

4. Discussion  

The present study aimed to determine whether activation of an observer’s motor cortex during the 

passive observation of artwork represents a non-specific emotional response (known to 

physiologically correspond to an early and non-muscle-specific modulation of CSE), or whether it 
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rather reflects the simulation of the artist’s movements when creating the observed artwork (known 

to correspond to a late muscle-specific modulation of CSE). In order to address these questions, we 

asked participants to provide liking ratings for pointillist- or brushstroke-style paintings while, as a 

proxy of the activation of the observer’s motor cortex, we recorded MEPs from muscles differently 

involved in the two painting styles: the right index finger (FDI) and forearm (ECR) muscles. 

spTMS was applied at 150 (i.e., early) or 300 ms (i.e., late) to record MEPs after the stimulus 

presentation. The results revealed a late and muscle-specific activation in response to passive 

viewing of canvases painted with the brushstroke style, suggesting that motor activation during 

artwork perception reflects a motor simulation response rather than a general emotional reaction.  

Further detailing the results, the pattern of CSE modulation during artwork perception showed that 

observing brushstroke paintings increased ECR, but not FDI activation at the late delay post-

stimulus presentation. This activation is unlikely due to a general motor response induced by 

viewing a complex stimulus as we tested only the modulation for viewing a painting, and controlled 

for the effect of viewing a comparably complex stimulus, such as a garden photographs. Nor can 

this modulation be due to viewing a valenced stimulus as it clearly differentiated the two muscles 

and the two painting styles, despite the two styles received comparable liking ratings. This does not 

mean that the observer’s motor cortex is not involved in processing the emotional valence of a 

stimulus (Borgomaneri, Gazzola, & Avenanti, 2012; Borgomaneri et al., 2015; Van den Stock et al., 

2011), but rather that the late-timing and muscle-specific activation we found for brushstroke 

paintings is more compatible with a motor simulation than emotional processing response 

(Borgomaneri et al., 2015).  

Indeed, the recording of the ECR activation in a control experiment, while a separate group of 

individuals actually executed painting movements, showed that the ECR was not only more 

activated for brushstroke- than pointillist-like movements, but it also showed a differential 

modulation for the different phases of the movement. In particular, while the ECR activation during 
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brushstroke-like movements peaked at the brush-paper contact, its differential activation as 

compared to pointillist-like movements was kept also during the stroking phase. This suggests that 

ECR activation plays a specific role in producing the strokes and not only in grasping and holding 

the brush, at least when participants are instructed to perform these movements by holding the 

brush with a power grasp. Notably, given that the same instructions were provided in the 

visuomotor training before the TMS session, it is likely that a similar muscle-specific involvement 

for the two painting styles was triggered in the participants of the main experiment during the 

visuomotor training. Conversely, even if the FDI was more activated during pointillist- than 

brushstroke-like movements, its differential activation was not modulated during the movement, 

suggesting a more general role in grasping and holding the brush rather than in producing the dots. 

This may explain why we did not observe a specific FDI CSE modulation during observation of 

pointillist paintings and suggests that the pattern of motor activation during artwork perception may 

specifically match the functionally relevant aspects of the movements. In other words, what is 

simulated in the motor cortex of an artwork beholder is not simply the act of grasping the brush, but 

the act of tracing the canvas with a brush. 

Similar muscle-specific CSE modulation has been previously reported during artwork perception. 

Battaglia et al. (2011) recorded MEPs from the ECR muscle while participants observed pictures of 

Michelangelo’s “Expulsion from Paradise” fresco, which depicts a hand extension movement, and 

compared MEPs to those recorded during the observation of a real hand photographed in the same 

pose or another painting depicting relaxed or flexed hands (Michelangelo’s “Creation of Adam” or 

Bellini’s “Dead Christ with Angels”). They found that the CSE was more facilitated during the 

observation of the “Expulsion from Paradise” as compared to all other stimuli. However, it seems 

reasonable to argue that motor activation during painting perception in the Battaglia et al. (2011)’s 

study reflected the motor simulation of the movement depicted within it, rather than the movement 

implied to produce it. Here, we selected stimuli that did not depict any human figure or body part to 
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isolate a possible simulation of the artist’s movements or the emotional processing of the stimuli 

(which we excluded with the time- and muscle-specificity of the activation profile) from the 

representational content.   

The activation of the motor cortex for abstract artworks without representational content has been 

explored using EEG (Umilta’ et al., 2012) and ERPs (Sbriscia-Fioretti et al., 2013). In particular, 

Umilta’ et al. (2012) showed greater mu-rhythm suppression (an index of motor activation) during 

passive viewing of Lucio Fontana’s slashed canvases, which are readily evocative of the artist’s 

action to cut the canvas, as compared to the observation of graphically modified versions of the 

same artwork. Similarly, Sbriscia-Fioretti et al. (2013) found that passive viewing of Franz Kline’s 

paintings (depicting geometrical brushstrokes), as compared to modified versions of the same 

forms, evoked a greater fronto-central deflection of ERPs at around 300 ms post-stimulus onset at 

an interval corresponding to our late spTMS. All in all, our findings corroborate previous evidence 

of motor activation in response to the observation of artworks. Capitalizing on the muscle and time 

specificity of spTMS-MEP recording, we were also able to show that this motor activation 

specifically reflects the simulation of the motoric aspects of the artist’s painting acts and 

differentiate it from an emotional response. 

Importantly, this action-specific modulation of motor activation was lower in those individuals who 

liked the paintings more and who tended to more easily take the cognitive perspective of others (as 

measured by the PT of the IRI). Dispositional empathy was also positively correlated with the 

liking ratings. Thus, the less the participants’ motor cortex was activated during the observation of 

canvases, the more they liked the canvases, and the more they were attuned to “put themselves into 

others’ shoes”. All together, these findings provide clear evidence for an association between 

aesthetic experience, empathy, and motor response during artwork perception (Freedberg & 

Gallese, 2007; Ticini et al., 2015). The positive influence of dispositional empathy on aesthetic 

appreciation is in line with previous empirical studies (Garrido & Schubert, 2011; Kawakami & 
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Katahira, 2015; Vuoskoski, Thompson, McIlwain, & Eerola, 2012) and fits well with the embodied 

aesthetics claim (Freedberg & Gallese, 2007) that “putting oneself into the artist’s shoes” is a 

crucial aspect of aesthetic experience. However, what might appear surprising here is that both 

liking ratings and dispositional empathy were associated with lower motor activation during canvas 

perception. Indeed, both the embodied esthetics account (Freedberg & Gallese, 2007) and previous 

evidence of motor activation during artwork perception (Battaglia et al., 2011; Sbriscia-Fioretti et 

al., 2013; Umilta’ et al., 2012) would suggest that greater motor activation correlates with higher 

aesthetic appreciation as higher simulation would lead to greater liking. However, if the relation 

between motor activation, simulation, and aesthetic experience was merely linear, how could most 

of us appreciate the complex and irreproducible moves of dancers, contortionists, or musicians even 

being unable to produce the same performance? In this sense, one may consider that, if our findings 

support the involvement of motor simulation in aesthetic experience, they do not fit with a linear 

relationship between the extent of motor activation or readiness of motor simulation and aesthetic 

appreciation (Gardner, Goulden, & Cross, 2015; Kirsch & Cross, 2018; Kirsch, Dawson, & Cross, 

2015; Kirsch, Drommelschmidt, & Cross, 2013).  

While it is widely known that expertise with an observed movement boosts the extent (Calvo-

Merino, Glaser, Grèzes, Passingham, & Haggard, 2005; Calvo-Merino, Grèzes, Glaser, 

Passingham, & Haggard, 2006; Cross, Hamilton, & Grafton, 2006; Kirsch & Cross, 2015) and 

selectivity (Aglioti, Cesari, Romani, & Urgesi, 2008) of motor activation, several studies have 

provided evidence of an even greater motor activation in response to actions that are farther from 

the observer’s motor repertoire, for example in the case of biomechanically impossible (Romani, 

Cesari, Urgesi, Facchini, & Aglioti, 2005), robotic (Cross et al., 2012; Grossmann, Cross, Ticini, & 

Daum, 2013), contortionist (Cross, Mackie, Wolford, de C Hamilton, & Hamilton, 2010), or 

residual limb (Aziz-Zadeh, Sheng, Liew, & Damasio, 2011) movements. In all these cases, rather 
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than reflecting the ease of simulation, motor activation seems to reflect the attempt to match 

unusual or completely new movements with known motor representations.  

Considering brain activations associated to aesthetic experience, greater activation of occipital and 

premotor cortex was obtained in expert dancers during the viewing of dance moves that were 

judged as being more pleasant (Calvo-Merino, Jola, Glaser, & Haggard, 2008). Furthermore, 

reminding the effects of performing pointillist- and brushstroke-like movements on the aesthetic 

appreciation of canvases (Leder et al., 2012), visual (Jola, Abedian-Amiri, Kuppuswamy, Pollick, & 

Grosbras, 2012; Orgs, Hagura, & Haggard, 2013), and physical (Kirsch, Dawson, et al., 2015; 

Kirsch et al., 2013) training with dance moves increased aesthetic appreciation and sensorimotor 

activations during observation of the same moves. These findings are consistent with the notion that 

the ease of simulation of artistic performance is a crucial aspect of aesthetic experiences. However, 

greater activation of visual and sensorimotor areas has been also reported in non-dancer participants 

when viewing dance moves that they liked more and judged as more difficult to physically 

reproduce (Cross, Kirsch, Ticini, & Schütz-Bosbach, 2011). This points to what has been referred to 

as “Cirque du Soleil effect”, where we may enjoy witnessing the spectacular movements of talented 

performers that are more “unlike us” and, thus, do not belong and cannot be incorporated into our 

sensorimotor repertoire (Cross et al., 2011; Kirsch, Urgesi, et al., 2015). Converging evidence for 

such an “unlike me” aspect of aesthetic experience has come from studies using brain stimulation 

methods to modulate activation of motor areas during aesthetic experience (reviewed in Cattaneo, 

2020; Kirsch, Urgesi, et al., 2015). Indeed, these studies have shown that lowering motor activation 

with inhibitory stimulation of fronto-parietal motor areas may be associated to greater aesthetic 

appreciation of natural stimuli, such as dance movies (Calvo-Merino, Urgesi, Orgs, Aglioti, & 

Haggard, 2010) and static or dynamic body postures (Cazzato, Mele, & Urgesi, 2016), artifacts 

(Ticini, Urgesi, & Kotz, 2017) or artworks (Nakamura & Kawabata, 2015). 
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However, this is not necessarily in contrast with an embodied simulation account of aesthetics as 

what counts in aesthetic experience might not be the ease of simulation or embodiment of the 

movement depicted or implied in a piece of art, but the attempt to simulate/embody it (Kirsch, 

Urgesi, et al., 2015). In this sense, motor activation during artwork perception might reflect the 

attempt to incorporate a more or less familiar movement into the motor repertoire of the beholder. 

Whatever is the result of this process, either a full match in the motor repertoire of an expert or a 

sublime mismatch in the motor repertoire of a naïve beholder, it heightens aesthetic experience. 

This suggestion was corroborated by the applied mediation analysis, which showed that 

participants’ ability to take the cognitive perspective of others was a significant mediator that at 

least partially explained the effect of muscle-selective motor activation on liking ratings. Indeed, 

while we did not find evidence that the relation between perspective taking and liking ratings was 

mediated by the extent of motor activation, lower motor activation led to higher liking ratings 

especially in those individuals who reported higher disposition to take the cognitive perspective of 

others. Accordingly, it has been shown that higher disposition to perspective taking facilitates the 

embodiment of unlike-me movements, such as the movements of the residual limb of an amputee 

person (Liew, Sheng, & Aziz-Zadeh, 2013) or of the pain inflicted to stranger’s body (Avenanti, 

Minio-Paluello, Bufalari, & Aglioti, 2009). Furthermore, perspective-taking disposition was also 

associated with the increase of the aesthetic appreciation of objects after interferential stimulation 

over the observer’s parietal cortex (Ticini et al., 2017). Crucially, the effect of empathic 

dispositions may be attenuated by experience (Liew et al., 2013), pointing to an interaction between 

individual dispositional traits and actual experience in shaping the way we simulate and embody 

others (Kirsch, Urgesi, et al., 2015). 

It is worth noting that our participants were quite naïve to art as documented by their scores on the 

Art Experience Questionnaire. Moreover, their attempt to produce pointillist- or brushstroke-like 

drawings in the preliminary visuomotor training served us to ensure an association between 
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pointillist- or brushstroke-style paintings and, respectively, stippling or stroking movements. 

However, this might have also exacerbated the distance between the participant’s graphical skills 

and those of the famous Neo-Impressionist or Post-impressionist painters. Different forms of Arts, 

for example Lucio Fontana’s cuts (Umilta’ et al., 2012) or Franz Kline’s graphical marks (Sbriscia-

Fioretti et al., 2013), may trigger an easier embodiment or the artist’s movements in the beholders’ 

motor repertoire. Our findings of a negative relation between motor activation and liking ratings of 

representational canvases may not extend to the appreciation of other forms of art, which may 

differently yet powerfully trigger aesthetic experiences with different processes. Future studies are 

required to further clarify the influence of visuomotor experience and skills and forms of art in 

modulating the extent of motor activation during aesthetic appreciation (Leder et al., 2012; Ticini et 

al., 2014). In this regard, we acknowledge that the specific pattern of muscle-specific modulation of 

CSE during the observation of brushstroke-like canvases might have been biased by the visuomotor 

training participants received prior to the TMS session. This training allowed ensuring specific 

associations between different painting styles and different brush grasping strategies, thus reducing 

expected inter-individual variability in motor strategies during painting, which has been shown to 

shape sensorimotor activity during action observation (Hilt et al., 2020). The control experiment 

highlighted the specific involvement of the two muscles in the two different grasp and paint 

strategies. However, this may hinder the generalizability of our results to other conditions. Different 

results could arise from an experimental design in which no explicit visuomotor associations are 

established or when dealing with art-experienced individuals.  

Finally, the multifaceted nature of aesthetic experience cannot be easily grasped by a subjective, 

explicit liking judgment as used in the present and (many other) neuroscientific studies (Calvo-

Merino et al., 2008; Kirsch, Urgesi, et al., 2015), thus urging caution in generalizing the role of 

motor activation, simulation and empathy to the various facets of aesthetic experience. 

Nevertheless, our finding of a late and muscle-selective activation of the observer’s motor system 
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during perception of paintings suggests that the motor involvement in artwork perception reflects 

motor simulation and not simply an emotional reactivity response. This converges with previous 

studies (Ardizzi et al., 2020; Sbriscia-Fioretti et al., 2013; Umilta’ et al., 2012) in showing that 

action simulation and embodiment are crucial aspects of aesthetic experience. 
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Figure Captions 

Figure 1. Examples of pointillist and brushstroke paintings and of garden photographs.  

For pointillist paintings, from the left: “Le Château de Clisson” (Metzinger, Jean, 1905); “Forest 

Abstraction #6” (Franco, Angelo, 2011); “Undergrowth” (Cross, Henri-Edmond, 1906). For the 

brushstroke paintings, from the left: “Starry Night” (van Gogh, Vincent, 1889); “Evening 

Landscape with Rising Moon” (van Gogh, Vincent, 1889); “The Olive Trees” (Van Gogh, Vincent, 

1889). For the garden photographs, from the left: Photographs from the Gardens of Versailles; the 

Padua Botanic Garden, the Chateau de Vaux-le-Vicomte. 

 

Figure 2. Schematic representation of the experimental sessions in the main experiment (a) 

and of the trial procedure in the TMS session (b).  

a) The main experiment comprised three consecutive sessions: i) a visuomotor training, ii) a 

transcranial magnetic stimulation (TMS) session and iii) a questionnaire session. In the visuomotor 

training session, participants were required to produce 10 pointillist-like paintings using a precision 

grip to grasp the brush (upper figures) and ten brushstroke-like paintings using a power grip (lower 

figures). Soon after the visuomotor training, the same participants were involved in the TMS 

session. During this session, single-pulse TMS was delivered at each trial and Motor Evoked 

Potentials (MEPs) were recorded from the right first dorsal interosseous (FDI) and extensor carpi 

radialis (ECR) muscles after presentation of a pointillist or brushstroke painting or of a garden 

photograph. In each trial, participants were asked to express their liking of the observed picture. At 

the end of the TMS session, the participants filled out the Interpersonal Reactivity Index 

questionnaire.  

b) The figure depicts an example of a pointillist painting trial. For each trial, the presentation of the 

fixation cross was followed by the presentation of the target stimulus for 350 ms. Within this time 
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window, the TMS pulse was delivered at an early (after 150 ms) or a late (after 300 ms) delay after 

the onset of the picture and MEPs were recorded.  The target stimulus was followed by the 

presentation of a response frame with the liking 7-point Likert scale, which remained on the screen 

until participant’s verbal response.  

 

Figure 3. Effects of painting observation on the modulation of cortico-spinal excitability 

(CSE). 

Amplitude of Motor Evoked Potentials (MEPs) recorded from the right first dorsal interosseous 

(FDI; a) and extensor carpi radialis (ECR; b) muscles during observation of pointillist-style (white 

bars) and brushstroke style (black bars) paintings is expressed as percentage difference from the 

corresponding values during observation of garden photographs (CSE modulation). MEPs were 

recorded after either 150 ms (early delay) or 300 ms (late delay) from stimulus onset. Error bars 

indicate standard error of the mean. Asterisks indicate significant pair-wise comparisons (p < .05).  

 

Figure 4. Correlation between modulation of cortico-spinal excitability (CSE) and the liking 

judgments and empathy scores of the observers.  

a) Negative correlation between the late CSE modulation index for the extensor carpi radialis 

(ECR) muscle during the observation of brushstroke-style paintings (on the y-axis; expressed as 

percent difference from the garden photograph condition) and the liking of brushstroke-style 

paintings (on the x-axis; expressed as percent difference from the garden photographs condition). b) 

Negative correlation between the late CSE modulation index for the ECR muscle during the 

observation of brushstroke-style paintings (on the y-axis) and the dispositional empathy measure at 

the Perspective Taking (PT) subscale (on the x-axis). c) Positive correlation between the liking of 

brushstroke-style paintings (on the x-axis) and the dispositional empathy measure at the PT 
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subscale (on the y-axis). All correlations were significant at p < .05, after correction for multiple 

testing. 

 

Figure 5. Mediation models.  

Four Mediation analyses were performed to test whether the influence of an independent variable 

(IV) on a dependent variable (DV) could be accounted for or not by a mediator (M). In particular 

we tested: a) the mediation of liking ratings (M) in the influence of Perspective Taking (PT) 

dispositions (IV) on cortico-spinal excitability (CSE) modulation (DV); b) the mediation of CSE 

modulation (M) in the influence of PT dispositions (IV) on liking ratings (DV); c) the mediation of 

PT dispositions (M) in the influence of liking ratings (IV) on CSE modulation (DV); and d) the 

mediation of PT dispositions (M) in the influence of CSE modulation (IV) on liking ratings (DV). 

For each path (i.e., a, b, and c), values correspond to the unstandardized path coefficients. The 

indirect effect of the mediator (i.e., path c’) was quantified as the difference between the 

unstandardized path coefficients of the direct effect between the independent and the dependent 

variables (i.e., path c) and the product of the unstandardized path coefficients (i.e., a u b). Asterisks 

denote significant regression coefficients. Significant difference between the direct and the indirect 

effect (i.e., c vs c’) is shown as dashed line (model d). 

 

Figure 6. Results of the control experiment.  

The mean value of the electromyography (EMG) rectified signal, expressed as percent of baseline, 

recorded from the right first dorsal interosseous (FDI; upper panel) and extensor carpi radialis 

(ECR; lower panel) muscles during the execution of painting with pointillist- (white circles) and 

brushstroke-like (black circles) movements (Control experiment). The EMG signal was averaged in 

200-ms bins and the 5 bins around the activation peak (dotted vertical line) were analyzed. Error 
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bars indicate the standard error of the mean; asterisks indicate significant difference for the style × 

bin interaction, which was significant for the ECR muscle only. Rather, the main effects of style 

and bin were significant for both the FDI and the ECR muscles, revealing that the FDI was more 

engaged for pointillist-like painting and the ECR for brushstroke-like painting.  
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Table 1. List of the pointillist- or brushstroke-style paintings used as experimental stimuli 
Pointillist Brushstroke 

Cross, Henri-Edmond (1891). The Golden Isles Alexander, David (2012). Reed Bottom Lines 

Cross, Henri-Edmond (1906). Undergrowth Alexander, David (2012). See Throughs 

Cross, Henri-Edmond (). Cypresses at Cagnes Arnold, Kathryn (2010). Leveling the Clouds 

Dellavallée, Henri (1887). La Rue au Soleil à Port-Manech Arnold, Kathryn (2010). Silk Wind 

Dellavallée, Henri (1887). Farmyard Benini, Alessandra (2001).  La maison d'artiste 

Dubois, Louis (1888). La Marne à l'Aube Cezanne, Paul (1904). Mont Sainte-Victoire 

Franco, Angelo (2007). Blooming Tree Cezanne, Paul (1906). Bend in forest road 

Franco, Angelo (2010). Abstract Forest IV Cezanne, Paul (1905). Riverbanks 

Franco, Angelo (2011). Forest Abstraction Huys , Modest (1919). Ruins of Elverdinge 

Franco, Angelo (2011). Forest Abstraction #6 Lemmen, Georges (1891). Heyst No.9 The Beach 

Franco, Angelo (2011). Forest of Love Monet, Claude (1881). Wheat Field 

Franco, Angelo (2011). Virginia Forest Abstraction 1 Monet, Claude (1882). Shadows on the Sea - the Cliffs at Pourville 

Franco, Angelo (2012). Portrait of a Hill Monet, Claude (1885). The Cliff Of Aval Etretat 

Franco, Angelo (2012). Rare Bird Purrmann, Hans (1909). Coastal landscape near Cassis 

Holton, William (2005). Fallout Signac, Paul (1885). Saint Briac, Courtyard of the Ville Hue 

Lacombe, Georges (1909). In the Forest Signac, Paul (1895). Saint Tropez the Gust of Eastern Wind 

Lemmen, Georges (1891). Beach at Heist van Gogh, Vincent (1887). Wheat Field with a Lark 

Lemmen, Georges (1892). View of the Thames van Gogh, Vincent (1888). Public Park with Weeping Willow 

Lemmen, Georges (1894). Factories on the Thames van Gogh, Vincent (1889). Cypresses 

Luce, Maximilien (1890). The Seine at Herblay van Gogh, Vincent (1889). Olive Grove 

Luce, Maximilien (1900). Montmartre - de la Rue Cortot, Vue vers Saint-Denis  van Gogh, Vincent (1889). Olive Orchards - Bright Blue Sky 

Malevich, Kazimir (1908). Landscape van Gogh, Vincent (1889). Starry Night 

Matisse, Henri (1904). Le Cap Layet van Gogh, Vincent (1890). Doctor Gachet's Garden 

Metzinger, Jean (1905). Le Château de Clisson van Gogh, Vincent (1890). Landscape near Auvers - Wheatfields 

Metzinger, Jean (1905). Paysage au Deux Cypres van Gogh, Vincent (1890). Old Farmhouses in Auvers 

Metzinger, Jean (1905). Paysage Neo-Impressiste van Gogh, Vincent (1890). Road with Cypres and a Star 

Metzinger, Jean (1906). Matin au Parc Montsouris Van Gogh, Vincent (1889). The Olive Trees 

Metzinger, Jean (1906). Parc Monceau van Gogh, Vincent (1889). Wheat Field With Cypresses 

Picabia, Francis (1909). View of St. Tropez from the Citadel van Gogh, Vincent (1890). Houses at Auvers 

Seurat, Georges (1888). Port-en-Bessin - Avant-Port Marée Haute van Gogh, Vincent (1890). Wheatfield with Crows 

Seurat, Georges (1888). Port-en-Bessin - Entrance to the Harbor van Gogh, Vincent (1888). Orchard in Blossom (Plum Trees) 

Seurat, Georges (1890). Gravelines Annonciade van Gogh, Vincent (1889). Green Wheat Field with Cypress 

Signac, Paul (1889). River's Edge - the Seine at Herblay van Gogh, Vincent (1889). Evening Landscape with Rising Moon 

Signac, Paul (1900). Palais des Papes Avignon van Gogh, Vincent (1889). Wheatfield with Rising Sun 

Signac, Paul (1909). Pine Tree at Saint-Tropez van Gogh, Vincent (1888). Path Through a Field with Willows  

Signac, Paul (1915). Le Port de la Rochelle van Gogh, Vincent (1890). Field with Stacks of Wheat 

Signac, Paul (1897). View of Saint-Tropez van Gogh, Vincent (1890). Green Wheat Fields, Auvers 

Sokolov, Anatoly (2008). Abstraction Painting 002 van Gogh, Vincent (1889). Les Peiroulets Ravine 

van Rysselberghe, Théo (1892). Sailboats and Estuary van Gogh, Vincent (1890). Wheat Field at Auvers with White House 

van Rysselberghe, Théo (1896). Pointe Saint-Pierre at Saint-Tropez van Gogh, Vincent (1888). Wheat Fields near Auvers 
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Table 2. Mean (± standard error) raw amplitude (in mV) of Motor Evoked Potentials (MEPs) 

recorded from the two muscles at the early and late stimulation delays and of the liking Likert 

ratings provided during the observation of the three stimulus types. 

 FDI FDI ECR ECR Liking ratings 

 Early delay Late delay Early delay Late delay  

Pointillist  1.07 ± 0.19 1.10 ± 0.21 0.53 ± 0.09 0.51 ± 0.09 4.05 ± 0.24 

Brushstroke 1.06 ± 0.18 1.08 ± 0.19 0.51 ± 0.08 0.52 ± 0.08 3.98 ± 0.22 

Garden  1.08 ± 0.18 1.08 ± 0.19 0.54 ± 0.09 0.50 ± 0.08 4.28 ± 0.26 
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Abstract 1 

Perceiving art is known to elicit motor cortex activation in an observer’s brain. This motor 2 

activation has often been attributed to a covert approach response associated with the emotional 3 

valence of an art piece (emotional reaction hypothesis). However, recent accounts have proposed 4 

that aesthetic experiences could be grounded in the motor simulation of actions required to produce 5 

an art piece and of the sensorimotor states embedded in its subject (embodied aesthetic hypothesis). 6 

Here, we aimed to test these two hypotheses by assessing whether motor facilitation during artwork 7 

perception mirrors emotional or motor simulation processes. To this aim, we capitalized on single 8 

pulse transcranial magnetic stimulation revealing a two-stage motor coding of emotional body 9 

postures: an early, non-specific activation related to emotion processing and a later action-specific 10 

activation reflecting motor simulation. We asked art-naïve individuals to rate how much they liked 11 

a series of pointillist and brushstroke canvases; photographs of artistic gardens served as control 12 

natural stimuli. After an early (150 ms) or a later (300 ms) post-stimulus delay, motor evoked 13 

potentials were recorded from wrist-extensor and finger muscles that were more involved in 14 

brushstroke- and pointillist-like painting, respectively. Results showed that observing the two 15 

canvas styles did not elicit differential motor activation in the early time window for either muscle, 16 

not supporting the emotional reaction hypothesis. However, in support of the embodied aesthetic 17 

hypothesis, we found in the later time window greater motor activation responses to brushstroke 18 

than pointillist canvases for the wrist-extensor, but not for the finger muscle. Furthermore, this 19 

muscle-selective facilitation was associated with lower liking ratings of brushstroke canvases and 20 

with greater empathy dispositions. These findings support the claim that simulation of the painter’s 21 

movements is crucial for aesthetic experience, by documenting a link between motor simulation, 22 

dispositional empathy, and subjective appreciation in artwork perception. 23 

 24 
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Keywords: Embodied aesthetics; Motor simulation; Artwork perception; Transcranial magnetic 1 

stimulation; empathy. 2 

 3 

Abbreviations: CSE, corticospinal excitability; EMG, electromyography; FDI, first dorsal 4 

interosseous; ECR, exotensor carpi radialis; MEPs, motor evoked potentials; PT, Perspective 5 

Taking; rMT, resting motor threshold; spTMS, single pulse transcranial magnetic stimulation;  6 

 7 

1. Introduction 8 

What drives a person to approach an artwork in a museum, and then spend some time beholding 9 

that particular piece? The aesthetic experience represents a unique case in human perception as 10 

perceiving an object is not inherently linked to act on it, but to the appreciation of its properties 11 

(Chatterjee & Vartanian, 2014; Kirsch, Urgesi, & Cross, 2015; Sarasso et al., 2019). From a 12 

neuroscientific perspective, the aesthetic experience can be conceived as the event allowing a 13 

beholder to “perceive-feel-sense” an artwork (Di Dio & Gallese, 2009), and involves a rich 14 

interplay between brain networks linked to perception, reward, and cognition (Chatterjee & 15 

Vartanian, 2014; Di Dio & Gallese, 2009; Kirsch, Urgesi, et al., 2015; Pearce et al., 2016). 16 

However, since the very first studies that used human neuroscience methods to begin to map 17 

aesthetic experiences (Kawabata & Zeki, 2004; Vartanian & Goel, 2004) it has been shown that 18 

viewing an artwork also involves activation of the beholder’s motor areas next to sensory and 19 

reward areas. It is unclear, however, whether this motor activation reflects a non-specific emotional 20 

response to a piece of art or whether it rather mirrors the simulation of the sensorimotor states 21 

embedded in art. 22 

A pioneering neuroimaging study of art perception showed that, while the reward network activates 23 

more strongly when viewing pleasant paintings, the motor cortex was shown to be more strongly 24 

activated when participants viewed paintings they rated as ugly, compared to those rated as pleasant 25 
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or neutral (Kawabata & Zeki, 2004). A similar pattern of motor activation was found during the 1 

observation of human-form sculptures rated as ugly or pleasant (Di Dio, Macaluso, & Rizzolatti, 2 

2007). Equally, a magnetoencephalography study (Cela-Conde et al., 2009) reported, for a 300-700 3 

ms post-stimulus interval, greater activation of sensorimotor cortices in response to artworks rated 4 

as more beautiful than less beautiful. The involvement of the motor cortex in artwork perception 5 

was ascribed by these earlier neuroimaging studies to a covert emotional response to a piece of art. 6 

This emotional reactivity was deemed to prepare the observer to respond to a stimulus either to 7 

avoid an unpleasant/ugly or to approach a pleasant/beautiful one (Armony & Dolan, 2002; 8 

Kawabata & Zeki, 2004). Accordingly, several studies have highlighted that the basic emotional 9 

states of pleasure (leading to an approaching response) and pain (leading to an avoiding response) 10 

play a major role in aesthetic experience (Xenakis & Arnellos, 2015; Xenakis, Arnellos, & 11 

Darzentas, 2012). 12 

Crucially, in contrast to the emotional reaction account, motor activation in artwork perception has 13 

been reframed in an embodied simulation account of aesthetics (Freedberg & Gallese, 2007), which 14 

claims that aesthetic experience is grounded in the simulation of actions, emotions, and bodily 15 

sensations induced by art. In this account, the engagement of a viewer’s motor system facilitates the 16 

simulation of the sensorimotor correlates of actions depicted on a canvas and/or of the artist while 17 

producing an artwork (e.g., the actions/brushstrokes required to produce a painting or sculpture, or 18 

the human body’s motions involved in dancing or acting; Heimann et al., 2019). This motor 19 

simulation underpins an empathic response toward a piece of art, ultimately contributing to its 20 

aesthetic appreciation (Kirsch, Urgesi, et al., 2015; Ticini, Urgesi, & Calvo-Merino, 2015). In line 21 

with this view, single-pulse transcranial magnetic stimulation (spTMS; Battaglia, Lisanby, & 22 

Freedberg, 2011) electroencephalography (Sbriscia-Fioretti, Berchio, Freedberg, Gallese, & Umiltà, 23 

2013; Umilta’, Berchio, Sestito, Freedberg, & Gallese, 2012), and neuroimaging (Lutz et al., 2013) 24 

studies have shown greater activation of fronto-parietal areas, known to match action execution 25 
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with action observation (Rizzolatti & Craighero, 2004), during the observation of paintings as 1 

compared to modified, non-artistic stimuli. Furthermore, it has been shown that mimicking the 2 

emotional expression depicted in Renaissance and Baroque portraits increases their aesthetic 3 

appreciation, in particular in those individuals experienced in art appreciation while also reporting 4 

higher disposition to take others’ perspective and to identify with others (Ardizzi et al., 2020). 5 

Taken together, these findings suggest a tight link between simulation, empathy, and an observer’s 6 

aesthetic experience (Gernot, Pelowski, & Leder, 2018). 7 

Further compelling evidence in favor of embodiment in aesthetic appreciation has come from a 8 

study by Leder and colleagues (Leder, Bär, & Topolinski, 2012), reporting that participants’ 9 

aesthetic appreciation of paintings was enhanced when they were asked to perform actions that 10 

matched the artist’s painting style. In this study, participants rated how much they liked pointillist-11 

style (Neo-Impressionist) paintings and brushstroke-style (Post-Impressionist) paintings before, 12 

during, and after performing either repetitive pointillist-like stippling or brushstroke-like stroking 13 

movements. The results showed that participants preferred pointillist- over brushstroke-style 14 

paintings in stippling movements and brushstroke- over pointillist-style paintings in stroking 15 

movements. The authors ruled out that simply viewing the hand movements might have led to a 16 

style matching or congruency effect as the participant’s hand was hidden from view. However, if 17 

executed and observed actions would conflate in a matching sensorimotor representation (Prinz, 18 

1997), the simulation of an artist’s style should be boosted by the observation and not only 19 

execution, of congruent movements. This was tested in a subsequent study (Ticini, Rachman, 20 

Pelletier, & Dubal, 2014), where participants were trained to execute brushstrokes with either 21 

stippling (using a precision grip) or stroking (using a power grip) movements before asking them to 22 

provide liking ratings for a series of pointillist-style canvases. The presentation of each canvas was 23 

preceded by a static image of a hand holding a paintbrush with a precision or a power grip, thus 24 

priming a pointillist- or a brushstroke-like painting style, respectively. The results showed that the 25 
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participants’ liking ratings of paintings increased after the presentation of action primes that 1 

matched the artist’s style, further suggesting that the activation of congruent motor representations 2 

in action observation boosts an observer’s aesthetic appreciation of a piece of art.  3 

However, these behavioral studies cannot tell us anything about the extent to which action priming 4 

modulates the response of the observer’s motor cortex to artworks. Nor can they disentangle 5 

whether these behavioral priming effects truly reveal the contribution of motor simulation to 6 

aesthetic appreciation or instead reflect general emotional responses to the observation of action 7 

outcomes (i.e., a painted canvas) that are congruent with an executed (Leder et al., 2012) or 8 

observed (Ticini et al., 2014) movement. In other words, it is possible that viewing or executing 9 

actions (e.g., pointillist-like painting movements) may influence a more favorable attitude toward 10 

congruent (e.g., pointillist-style canvases) than incongruent (e.g., brushstroke-style canvases) 11 

stimuli. This would not necessarily reflect that aesthetic experience is inherently linked to 12 

simulation of the painter’s movements. Indeed, recent evidence suggests that viewing stimuli of 13 

negative or positive valence differentially modulates the aesthetic appreciation of subsequently 14 

presented abstract forms or body postures (Boukarras, Era, Aglioti, & Candidi, 2020; Era, Candidi, 15 

& Aglioti, 2015, 2019). Similarly, viewing pictures of everyday life situations with positive or 16 

negative valence or of emotional body language triggers motor activation in observers 17 

(Borgomaneri, Gazzola, & Avenanti, 2015; Tamietto et al., 2009) as does viewing artworks 18 

(Battaglia et al., 2011). Thus, emotion processing and aesthetic experience are intrinsically 19 

intertwined at both neural and behavioral levels (Kirsch, Urgesi, et al., 2015), leaving open the 20 

question whether motor responses to a piece of art reflect simulative action representations or 21 

general emotion reactivity.  22 

Previous studies (Borgomaneri et al., 2015; Naish, Houston-Price, Bremner, & Holmes, 2014) have 23 

demonstrated that activations of an observer’s motor cortex in response to motor simulation and 24 

emotion processing occur in distinct spatio-temporal profiles. By combining spTMS with 25 
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electromyographic recording of motor evoked potentials (MEPs), it is possible to record the level of 1 

corticospinal excitability (CSE) of specific muscles at precise delays after stimulus presentation 2 

(Amoruso & Finisguerra, 2019; Avenanti, Candidi, & Urgesi, 2013; Fadiga, Craighero, & Olivier, 3 

2005). The literature indicates that action simulation facilitates CSE mainly in the muscles that are 4 

used during the execution of observed movements (Naish et al., 2014; Urgesi, Candidi, Fabbro, 5 

Romani, & Aglioti, 2006) around 200 ms post-stimulus presentation (Lepage, Tremblay, & Théoret, 6 

2010; Naish et al., 2014; Ubaldi, Barchiesi, & Cattaneo, 2013). Conversely, emotion-related motor 7 

responses tend to occur earlier (less than 150-200 ms after stimulus presentation) and are void of 8 

muscle specificity (Borgomaneri et al., 2015; Tamietto et al., 2009). Specifically, measuring CSE at 9 

different time-points after the presentation of body postures, Borgomaneri et al. (2015) confirmed a 10 

two-stage processing of emotional body postures in the motor cortex. At 150 ms, they found an 11 

emotion-specific CSE modulation for stimuli that implied an emotional compared to a neutral 12 

movement. Conversely, at 300 ms they found an action-specific CSE modulation for stimuli 13 

implying a movement (either emotional or neutral) as compared to static stimuli. Here, we 14 

capitalized on this dissociation between early (generalized and related to emotion processing) and 15 

later (action-specific and reflecting simulative motor mapping) CSE modulations to test whether the 16 

activation of the motor cortex during artwork perception reflects the emotional reaction to an 17 

artwork or rather the motor simulation of the acts that are required to produce the piece of art. 18 

Namely, we aimed to test at which processing stage and at which level of action-specificity the 19 

aesthetic value of a stimulus influences motor cortex activity.  20 

To this aim, we measured CSE during the observation of canvases painted with a pointillist- or a 21 

brushstroke-like style or of photographs of historical gardens (control stimuli) while art-naïve 22 

participants rated how much they liked each painting/photographs. To dissociate early from later 23 

activations, spTMS-evoked MEPs were measured at an early (150 ms) and a later (300 ms) stage of 24 

stimulus processing. Moreover, to dissociate non-specific from action-specific activations, MEPs 25 
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were recorded from a muscle of the right index finger (i.e., first dorsal interosseous, FDI) and from 1 

a muscle of the forearm (extensor carpi radialis, ECR), as these muscles are differently involved in 2 

generating pointillist- or brushstroke-like paintings using a precision or a power grip to hold the 3 

paintbrush (see 3.5. Control Experiment). We hypothesized that an early non-specific CSE 4 

modulation would reflect the emotional processing of artwork, supporting the emotional reactivity 5 

hypothesis (Cela-Conde et al., 2009; Kawabata & Zeki, 2004), whilst a late muscle-specific CSE 6 

modulation would reflect motor simulation processes, supporting the embodied aesthetic hypothesis 7 

(Freedberg & Gallese, 2007). Moreover, according to the emotional reaction hypothesis (Cela-8 

Conde et al., 2009; Kawabata & Zeki, 2004), we expected that the early response should occur 9 

independently of the recorded muscle and painting style. Conversely, according to the embodied 10 

aesthetic account (Freedberg & Gallese, 2007), an action-specific modulation was expected to occur 11 

at a later processing stage in the observer’s motor cortex. On the one hand, pointillist-style canvases 12 

should elicit greater CSE facilitation of the FDI, which is more involved in performing stippling 13 

movements with a precision grip. On the other hand, brushstroke-style canvases should evoke 14 

greater CSE facilitation of the ECR, which is more involved in painting brushstrokes with a power 15 

grip. Furthermore, since previous studies have reported an influence of empathy on art appreciation 16 

(Ardizzi et al., 2020), we also collected individual measures of empathic dispositions and tested the 17 

modulatory role of perspective taking abilities on both motor facilitation and pleasantness rating 18 

responses.  19 

 20 

2. Material and Methods 21 

2.1. Participants  22 

Twenty-eight University students (11 men, aged = 24.91 ± 6.78 years) took part in the experiment. 23 

We determined, considering possible drop-outs, the required sample size for our 3 × 2 × 2 within-24 

subjects design (stimulus × muscle × ISI; numerator df = 2) through the G* power software (Faul, 25 
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Erdfelder, Lang, & Buchner, 2007) with the “as in SPSS” option by setting the expected effect size 1 

at f(U) = 0.457, the significance level at 0.05, and the desired power (1- β) at 0.80. The expected 2 

effect size was estimated based on previous studies, linking aesthetic preference for paintings and 3 

motor activity (partial eta-squared, η2
p = 0.173; Ticini et al., 2014). 4 

Four participants were excluded from further analyses due to technical problems during 5 

electromyography (EMG) signal acquisition. Thus, data analyses were carried out on a final sample 6 

of 24 participants (11 males, aged = 24.92 ± 6.79 years). After providing an overview of the study 7 

procedure, including technical information about spTMS, all participants, who remained naïve to 8 

the specific experimental hypothesis throughout the whole experimental session, gave written 9 

informed consent. After completing the whole testing session, including also the administration of a 10 

dispositional empathy questionnaire (see below), participants were debriefed about the experimental 11 

hypothesis and they were remunerated for their participation (£10/hour). All experimental 12 

procedures were in keeping with the ethical guidelines outlined by the 1964 Declaration of Helsinki 13 

as revised in 2008. The study was approved by the ethics committee of the School of Psychology of 14 

Bangor University, Bangor, UK (Application N. 2015-15591). All participants had normal or 15 

corrected-to-normal vision and they were right-handed, as assessed by a standard Handedness 16 

Questionnaire (Oldfield, 1971). None of the participants had contraindications to TMS (Rossi, 17 

Hallett, Rossini, & Pascual-Leone, 2009) or complained of any discomfort or adverse effect during 18 

the whole procedure.  19 

 20 

2.2. Stimuli 21 

The experimental stimuli consisted of a sample of 120 high quality color images adapted from the 22 

previous study that tested the effects of motor priming on aesthetic appreciation of canvases (Ticini 23 

et al., 2014). The sample included i) 40 pictures depicting canvases with a pointillist style, ii) 40 24 

pictures depicting canvases with a brushstroke style, and iii) 40 photographs of historical gardens. 25 

The rationale for choosing these stimuli was that: i) pointillist-style canvases should elicit greater 26 
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CSE modulation for muscles involved in performing stippling movements with a precision grip 1 

(i.e., FDI); ii) brushstroke-style canvases should evoke greater CSE modulation for muscles 2 

involved in painting brushstrokes with a power grip (i.e., ECR). Differently, iii) garden photographs 3 

were not expected to induce a muscle-specific CSE modulation in naïve viewers as they did not 4 

evoke the representation of any painting movement. Thus, photographs of gardens were used as 5 

control stimuli, providing a baseline measure. Canvas stimuli were selected not to depict human 6 

body figures or body parts in order to avoid eventual effects on CSE due to the simulation of the 7 

subject depicted in canvases (see list in Table 1). Garden photographs were taken from the web and 8 

selected to reflect different landscape garden styles and included pictures of the Château de 9 

Villandry, Chateau de Vaux-le-Vicomte, Gardens of Versailles, and Parc de Sceaux in France, of 10 

the Padua Botanic Garden, Royal Palace of Caserta, Villa Lante, and Villa Parco Bolasco in Italy; 11 

of the Belvedere Museum Vienna in Austria; and of the Stowe Gardens in England. Examples of 12 

stimuli are shown in Figure 1. All images were adjusted to a frame size of 470 × 351 pixels using 13 

Adobe Photoshop (Adobe Inc., San Jose, CA) and were presented on a screen with a resolution of 14 

1,280 ×800 pixels at a 55-cm distance to subtend 12° horizontal and 9° vertical visual angles.  15 

 16 

2.3. EMG and TMS  17 

EMG was recorded with silver disc surface electrodes positioned on the FDI and ECR muscles in a 18 

belly-tendon configuration. Electrode position for the FDI and the ECR muscles was determined by 19 

palpation during maximum voluntary muscles activation (i.e., the abduction of the index finger 20 

toward the thumb while the experimenter exerted a pressure against the radial side of the index 21 

finger in the direction of the middle finger for the FDI muscle; the extension of the wrist toward the 22 

radial side while the experimenter exerted a pressure against the dorsum of the hand for the ECR 23 

muscle). After skin cleaning, electrodes containing a small amount of water-soluble conductive 24 

paste were placed and fixed on each target positions. The reference electrodes were placed over the 25 
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ipsilateral metacarpal phalangeal joint for the FDI muscle and on the ulnar styloid process for the 1 

ECR. The ground electrode was placed at the right elbow. Electrodes were connected to a Biopac 2 

MP-36 system (BIOPAC Systems, Inc., Goleta, CA) allowing amplification, band-pass filtering (5 3 

Hz to 20 kHz, notch filter 50 Hz) and digitization of the EMG signal (sampling rate: 50 kHz). The 4 

signal was stored on a personal computer for display and later off-line data analyses.  5 

TMS was delivered to the scalp portion overlying the left motor hand region through a 50-mm-6 

figure-of-eight coil (Magstim polyurethane-coated coil) connected to a Magstim 2 stimulator 7 

(Magstim Company, Carmarthenshire, Wales, UK). We determined the optimal position for 8 

activation of both muscles (i.e. the scalp position from which maximal amplitude MEPs were 9 

elicited) by moving the coil in approximately 0.5 cm steps around the presumed motor hand area 10 

and stimulating with a constant, slightly supra-threshold stimulus intensity. The coil was placed 11 

tangentially to the scalp with the handle pointing backward and laterally to form a 45° angle with 12 

the sagittal plane. This coil orientation induced a posterior-anterior current in the brain. The optimal 13 

position of the coil was then marked with a pen on a cap placed on the scalp to ensure correct coil 14 

placement throughout the experiment. For the whole experiment, the coil was fastened to an 15 

articulated mechanical arm. The resting motor threshold (rMT) was then defined as the minimum 16 

stimulus intensity (expressed as percentage of maximum stimulator output) able to produce MEPs 17 

of at least 0.05 mV peak-to-peak amplitude in at least 5 out of 10 consecutive trials (Rossini et al., 18 

2015) in the lower threshold muscle (i.e., FDI). This procedure was used to avoid saturation of its 19 

CSE modulation (Devanne, Lavoie, & Capaday, 1997) and possible loss of observation-related 20 

modulation (Loporto, Holmes, Wright, & McAllister, 2013). Participants’ rMT ranged from 33% 21 

and 75% (mean rMT = 44.42 ± 10.42%) of the maximum stimulator output. During the experiment, 22 

spTMS was applied over the identified hotspot at a stimulation intensity corresponding to 120% of 23 

the individual’s rMT. This procedure allowed us to reliably record MEPs from both muscles. The 24 

EMG data were collected for 250 ms starting at 100 ms before the TMS pulse.  25 

 26 
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2.4. Task and procedure 1 

2.4.1. Art familiarity  2 

Before starting the main experimental sessions, we assessed participants’ familiarity with art 3 

through the Art Experience Questionnaire (Chatterjee, Widick, Sternschein, Smith, & Bromberger, 4 

2010), adapted to the European context (Ticini et al., 2014). This self-report screening questionnaire 5 

consists of 8 items ascertaining experience in studio art, art history, theory and aesthetics classes 6 

taken at high school level or above, the frequency in visiting museums or galleries, and the 7 

approximate number of hours spent each week in making art, reading artistic publications, or 8 

looking at art. For the purpose of the current study, this questionnaire allowed probing that 9 

participants were artistically-naïve subjects.  10 

2.4.2. Experimental sessions  11 

The main experiment consisted of three consecutive experimental sessions, performed in the same 12 

day and overall lasting approximately 60 minutes.  13 

In an initial visuomotor training session, participants were motorically primed to two different 14 

painting styles by being asked to paint on white sheets of paper with a pointillist- (on 10 sheets of 15 

paper) or brushstroke-like (on another 10 sheets of paper) style (Fig. 2A). They were free to choose 16 

the order between the two styles and the objects of their painting, but they were instructed to grab 17 

the paintbrush by using a precision grip for the pointillist-style and a power grasp for the 18 

brushstroke-style paintings. This procedure allowed participants to familiarize themselves with the 19 

two styles while strengthening the association between the style and the movement to perform it 20 

(Ticini et al., 2014). During this visuomotor training, EMG activity was not recorded. In keeping 21 

with previous studies (Ticini et al., 2012), the rationale for performing this training was to prime 22 

participants with a specific association between different painting styles and different ways to grasp 23 

and hold the brush to paint. In particular, we tried to ensure that all participants associated a 24 
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precision grip of the brush with the movements performed to produce a pointillist-like painting and 1 

between a power grip of the brush and the movements performed to produce a brush-stroke-like 2 

painting. This way, we aimed to reduce interindividual variability in the motor strategies for 3 

holding the brush to produce pointillist- or brushstroke-like paintings, which could be particularly 4 

relevant in our sample of art-naïve participants.   5 

During the TMS session, participants were seated on a comfortable chair with their right forearm 6 

resting on a pillow. They were instructed to keep their hands still and as relaxed as possible. They 7 

were asked to perform a liking rating task: they were presented with the pictures of canvases or 8 

garden photographs and in each trial, after stimulus offset, they were asked to rate on a 7-point 9 

Likert like scale how much they liked the target image. Thus, participants were involved in an 10 

explicit aesthetic task, being in an aesthetic evaluation mode during CSE assessment. Two 11 

repetitions for each stimulus with the early or the late TMS delay were presented, thus leading to a 12 

total of 240 trials (i.e., 40 trials per cell). All trials were presented and randomized in four blocks of 13 

60 trials. Furthermore, in two baseline blocks administered before and after the liking-rating task, 14 

MEPs were recorded while participants observed a fixation cross (20 trials per block).  15 

Each trial started with the presentation of a central fixation cross, lasting 500 ms, and it was 16 

followed by the presentation of the experimental pictures (lasting 350 ms). Crucially, the spTMS 17 

was delivered at either 150 ms (early TMS delay) or 300 ms (late TMS delay) after the onset of the 18 

target picture (Fig. 2B). At picture offset, a response frame with the task question (How much do 19 

you like it?), the verbal descriptors (Not at all – Very Much) and the 7 numbers of the Likert scale 20 

written in white on a black background were presented. Importantly, we counterbalanced across 21 

trials the left- or right-position of the Likert verbal descriptors and numbers to prevent possible 22 

effects of motor preparation or of spatial attention on CSE. Participants were required to verbally 23 

indicate their response, which was recorded by the experimenter using a computer keyboard. A 24 

verbal, rather than a motor, response was requested to avoid MEP contamination (Gentilucci, 25 
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Bernardis, Crisi, & Dalla Volta, 2006; Tokimura, Tokimura, Oliviero, Asakura, & Rothwell, 1996). 1 

No time limit was given for the response, but participants were invited to respond as soon as 2 

possible. A black screen was presented in the inter-trial interval (lasting 5,000 ms). This way, the 3 

inter-pulse interval was longer than 10 seconds, thereby avoiding changes in CSE due to repeated 4 

exposure to TMS pulses (Chen et al., 1997). 5 

After the completion of the TMS session, we measured participants’ dispositional empathy by 6 

means of a computerized version of the Interpersonal Reactivity Index (IRI; Davis, 1996). This 7 

questionnaire consists of 28 self-report items, and it measures empathy-related dispositions by 8 

means of four subscales, namely: Perspective Taking (PT), which assesses the tendency to assume 9 

the cognitive perspective of another person; Fantasy Scale, which assesses the tendency to 10 

imaginatively transpose oneself into fictional characters’ feelings and actions; Empathic Concern, 11 

which assesses “other-oriented” feeling of sympathy and concern for others in need; and Personal 12 

Distress, which measures self-oriented feelings of personal anxiety and distress when facing others’ 13 

emotional unease. Importantly, while the PT and the Fantasy Scale subscales tap into cognitive 14 

empathy, the Empathic Concern and the Personal Distress subscales are more related to emotional 15 

reactivity. In particular, cognitive traits and especially PT have been shown to be associated with 16 

motor activation during aesthetic experience (Ardizzi et al., 2020).  17 

 18 

2.5. Control experiment 19 

Muscle specificity of CSE modulation during action observation is considered as a hallmark of 20 

action simulation as action observation is expected to facilitate CSE only in the muscles that are 21 

used during the execution of the same movements (Naish et al., 2014; Urgesi et al., 2006; Amoruso 22 

and Finisguerra, 2019). Indeed, a muscle-specific CSE modulation during action observation 23 

implies a change in the activation of the cortico-spinal representation of the muscles that are 24 

specifically involved in either action execution or observation (Fadiga et al., 2005). Thus, to ensure 25 
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that any muscle-specific modulation of CSE during the observation of pointillist- or brushstroke-1 

style paintings reflect action simulation, we needed to assess the specific involvement of the 2 

recorded muscles while performing pointillist- or brushstroke-like movements.  3 

To this aim, we recorded the EMG activity of the FDI and ECR muscles during the execution of 4 

movements associated with a pointillist-like or a brushstroke-like style in a separate control 5 

experiment. Accordingly, EMG recordings of four additional right-handed participants (1 male, age 6 

= 32 ± 4.34 years) who were not involved in the main experiment were collected. In each trial, as 7 

during the visuomotor training preceding the TMS experiment, participants were asked to paint 8 

either pointillist-like or brushstroke-like drawings by holding a paintbrush with their right hand with 9 

a precision grip or a power grip, respectively. Participants were asked to perform the movements in 10 

a natural way according to verbal instructions that informed them about the style to follow. 11 

Crucially, here we recorded EMG activity from the FDI and ECR muscles while the participants 12 

were producing their drawings. Thus, the participants were required to perform the movement only 13 

after the presentation of an auditory go signal. The EMG recording in each trial started 200 ms 14 

before the go signal and lasted for 2,000 ms. During this control experiment, participants performed 15 

20 pointillist-like and 20 brushstroke-like movements, leading to a total of 40 trials. Before starting 16 

the EMG recording, participants were briefly trained how to perform the movements.  17 

 18 

2.6. Data analysis 19 

All analyses were performed using repeated-measures Analysis of Variance (RM-ANOVA) designs 20 

implemented in the STATISTICA software (Stat Soft, version 10, StatSoft Inc, Tulsa, OK). 21 

Estimates of the effect size were obtained using  for ANOVA effects and Cohen’s d for t-tests. 22 

Post-hoc analysis was performed using the Duncan’s test correction, which was developed to 23 

reduce the risk of false negative (Type II) error when correcting for multiple comparisons 24 

(International journal of statistics and medical Informatics, 2016). In particular, the Duncan test is a 25 

2
pK
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sequential post-hoc test that reduces the size of the critical difference depending on the number of 1 

steps separating the ordered means; this procedure is optimal for testing in the same design effects 2 

that may have different sizes (Duncan, 1955; Dunnett, 1970; McHugh, 2011). The significance 3 

threshold was set at p = 0.05 for all statistical tests.  4 

2.6.1. Art familiarity 5 

To test whether our participants were truly artistically-naïve, the total average of the summed score 6 

for each question obtained in the Art Experience Questionnaire was compared with the 7 

corresponding total score obtained in a group of naïve participants (N=18; Ticini et al., 2014) by 8 

means of two-tailed, independent-sample t-test.  9 

2.6.2. MEP data 10 

An epoch of 100 ms of EMG activity was recorded before each TMS pulse to ensure MEPs were 11 

recorded during full muscle relaxation. Separately for each muscle, trials with background EMG 12 

activity exceeding the mean background activation for at least 2 SD (i.e., pre-contraction trials) and 13 

trials with MEP amplitude that was 2 SD below the mean background activity (i.e., trials with 14 

MEPs not distinguishable from noise) were removed from the analysis. For all the remaining trials 15 

(89.9%, SD = 11.0% for the FDI muscle, and 86.7%, SD = 13.8% for the ECR), we extracted the 16 

peak-to-peak amplitude (expressed in mV) of MEPs recorded from the FDI and ECR muscles 17 

during: i) the fixation-cross observation trials in the two baseline blocks (Pre, Post), and during the 18 

observation of ii) pointillist-style painting, iii) brushstroke-style paintings and iv) garden 19 

photographs across the four experimental blocks. MEP amplitudes were then averaged for each 20 

experimental condition, separately for each participant and for the two muscles, and used for further 21 

analyses. To reduce the positive skewness resulting from preliminary descriptive analyses 22 

(skewness z scores > 1.96, p < .05 for all variables), we applied a logarithmic transformation with 23 

log10 and constant value of 1 (Osborne, 2003) on the mean MEP amplitudes for each variable. 24 

Then, for each muscle, we first compared MEPs recorded during the two baseline sessions (Pre, 25 
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Post) by means of a two-tailed dependent-sample t-test. Once we verified that no significant 1 

changes in CSE occurred for the two muscles between the beginning and the end of the experiment, 2 

we proceeded with the following analyses. To obtain a measure of motor facilitation that was 3 

specific for the observed painting style but independent from the contingent effect due to the 4 

observation of complex (colored) and pleasant scenes, we calculated normalized indices of CSE 5 

modulation for the pointillist-style and the brushstroke-style paintings, separately for the two 6 

muscles. These indices corresponded to the percentage difference between the individual mean 7 

MEP amplitude during the observation of pointillist-style or brushstroke-style paintings and the 8 

individual mean MEP amplitude during the observation of garden photographs. The indices were 9 

entered into a 2 × 2 × 2 RM-ANOVA with style (pointillist, brushstroke), TMS delay (early, late) 10 

and muscle (FDI and ECR) as within-subjects variables.  11 

2.6.3. Likert liking ratings 12 

 Liking scores for pointillist and brushstroke canvases and for garden photographs were averaged 13 

for each participant. To assess the presence of a preference for one the three stimulus categories, 14 

individual liking ratings for each stimulus type were entered into a one-way three-level RM-15 

ANOVA. 16 

2.6.4. Correlation analyses 17 

We explored the relationship between CSE modulation to the observation of pointillist- and 18 

brushstroke-style paintings and the subjective liking measures. Specifically, in keeping with MEP 19 

data handling, we calculated, separately for the two TMS delays, the percentage difference between 20 

the individual mean Likert scores for the pointillist- or the brushstroke-style paintings and those for 21 

garden photographs. Then, we computed the Pearson correlation coefficients between the indices of 22 

CSE modulation activation and the indices of liking ratings modulation for the corresponding 23 

painting style and spTMS delay. Furthermore, we computed the Pearson correlation coefficients 24 

between the modulation indices of CSE and of liking ratings for the pointillist- and the brushstroke-25 
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style paintings and the individual scores at the PT subscale of the IRI questionnaire, in order to test 1 

the relationship between motor and subjective responses to paintings and cognitive empathy.  2 

Based on the correlation patterns, we used mediation analysis following established methods 3 

(MacKinnon, Warsi, & Dwyer, 1995) to understand whether the influence of an independent 4 

variable (IV) on a dependent variable (DV) could be accounted for or not by a mediator (M). 5 

Mediation effects were tested using the Sobel test, by applying the Goodman correction (Goodman, 6 

1960; MacKinnon et al., 1995). One-tailed effects were tested since the direction of the mediation 7 

was predicted on the basis of the correlation analysis.  8 

2.6.5. Control experiment  9 

EMG data were processed offline. For each trial, the signal was rectified and averaged into bins of 10 

200 ms. The mean rectified EMG signal (in mV) in each bin was measured starting from 200 ms 11 

before the go signal up to 1,800 ms after it (for a total of 10 bins). For each trial, the mean EMG 12 

signal of the first artifact-free bin was used as baseline. To allow comparison between style-13 

conditions and participants, the EMG signal for each trial was expressed as a percentage of its 14 

baseline value (EMG ratio values). We removed from the analysis 8.43% of the trials due to failure 15 

in data acquisition or because they were highlighted as outliers for at least three consecutive bins. 16 

Then, we aligned the bins of all trials for each participant, muscle and painting condition according 17 

to the bin with maximal mean activation (activation peak). The mean activation values of the 5 bins 18 

(i.e., 1,000 ms) around the activation peak of each trial were entered into two separate linear mixed 19 

models implemented in SPSS, one for each muscle, with painting style (two levels: pointillist and 20 

brushstroke styles), and bins (five levels) as fixed factors, and subject (four levels) as a random 21 

factor. To explore the temporal profile of muscular activations, significant effects were explored by 22 

means of trend analysis, investigating whether the temporal deployment of EMG activation for each 23 

condition across bins was best fitted by a linear, quadratic or cubic trend. Pairwise comparisons 24 

were also performed to test for significant differences between conditions.  25 
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 1 

 2 

3. Results  3 

3.1. Art familiarity 4 

Independent-sample t-test comparisons between the total score obtained in our sample (8.5 ± 6.1) 5 

for the Art familiarity questionnaire and the corresponding total score in Ticini and colleagues 6 

(2014)’s sample of art-naïve participants (6.61 ± 4.85) showed non-significant differences between 7 

the two groups (t(40) = 1.08; p = .286, d = 0.34), confirming that our participants were artistically-8 

naïve participants.  9 

 10 

3.2. MEP data  11 

MEP values recorded during the baseline sessions at the beginning and at the end of the 12 

experimental session did not significantly differ for either muscle (FDI: t(23) = -1.91, p = .07, d = 13 

0.56); ECR: t(23) = -0.71, p = .49, d = 0.21), showing that baseline CSE did not significantly 14 

change in the experiment. The raw MEP amplitudes recorded in the three observation conditions are 15 

reported in Table 2. The 3-way style × delay × muscle RM-ANOVA performed on the normalized 16 

indices of CSE modulation during observation of brushstroke- and pointillist-style paintings (vs. 17 

gardens photographs) revealed a significant 2-way style × delay interaction (F(1,23) = 4.91, p = 18 

.037, η2
p = 0.18), which was further qualified by the significant 3-way interaction with muscle 19 

(F(1,23) = 4.35, p = .048, η2
p = 0.16). This interaction was explored by testing, separately for the 20 

two muscles, the 2-way style × delay RM-ANOVA model. Concerning the analysis performed on 21 

MEPs recorded from the FDI muscle, no main effects or interaction were significant (all F < 1.57; 22 

all p > .22). Conversely, the analysis performed on the ECR MEPs revealed a significant style × 23 

delay interaction (F(1,23) = 9.66, p = .005, η2
p = 0.30, Fig. 3). Post-hoc analyses showed that the 24 



19 
 

ECR modulation during the observation of pointillist-style paintings was not significantly different 1 

between the early and late spTMS delays (early: 1.59 ± 3.07%; late: -2.18 ± 2.63%; p = .10). 2 

Conversely, during the observation of brushstroke-style paintings, the ECR CSE significantly 3 

increased when TMS pulse was delivered at the late (3.44 ± 2.14%) with respect to early delay (-4 

2.39 ± 2.39%; p = .021). Importantly, the ECR CSE at the late spTMS delay was significantly 5 

higher during observation of brushstroke-style paintings than during observation of pointillist-style 6 

paintings (p < .022). No other comparisons were significant (all p > 0.09). (Fig. 3; Table 2) 7 

 8 

3.3. Likert liking ratings 9 

No preferences for one of the two artwork styles nor for gardens photographs (see Table 2) was 10 

confirmed by the one-way ANOVA, in which a non-significant effect of style was found (F(2,46) = 11 

0.37, p = 0.695, η2
p =0.016).  12 

 13 

3.4. Correlation analyses 14 

Based on the main CSE modulation results, we restricted the correlation analyses to the 15 

relationships between the ECR CSE modulation for brushstroke-style paintings at the late spTMS 16 

delay, the aesthetic appreciation modulation for brushstroke-style paintings at the late spTMS delay, 17 

and the dispositional empathy scores at the PT sub-scale of the IRI questionnaire. Cook’s distance 18 

was used to identify influential data points leading to the exclusion of 2 participants as outliers 19 

(Cook & Weisberg, 1983). A false discovery rate (FDR) correction was used to control for multiple 20 

correlation testing.  21 

We found that the ECR CSE modulation at the late spTMS delay showed a significant negative 22 

correlation with the corresponding index of liking ratings for brushstroke-style paintings (r = -.46, 23 

p(corrected) = .032; Fig. 4a) and with PT dispositions (r =  -.489, p(corrected) = .032; Fig. 4b). 24 
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Interestingly, a positive correlation between the index of liking ratings for brushstroke-style 1 

paintings and PT dispositions was found (r = .56, p(corrected) = .014; Fig. 4c). 2 

Given this pattern of trine reciprocal correlations, we asked whether dispositional empathy 3 

influenced both the CSE modulation and the aesthetic appreciation directly, or whether the 4 

influence of PT on one variable (i.e., CSE or aesthetic appreciation modulation) was mediated by 5 

the other variable. Analogously, we tested whether dispositional empathy mediated the relationship 6 

between aesthetic appreciation and CSE modulation. Thus, four models were tested. With respect to 7 

the first model (i.e., mediation of liking ratings on the influence of PT abilities on CSE modulation; 8 

Fig. 5a), we found that while PT negatively predicted CSE modulation, this influence was not 9 

mediated by the liking ratings (Sobel test, z = -1.14, p = .13). Analogously, for the second model 10 

(i.e., mediation of CSE modulation on the influence of PT abilities on liking ratings; Fig. 5b), we 11 

found that while PT positively predicted liking ratings, no evidence of mediation by CSE 12 

modulation was found (Sobel test, z = 1.13, p = .13). Moving to a possible role of PT abilities in 13 

mediating the relationship between CSE modulation and liking ratings, when we tested for the third 14 

model (i.e., mediation of PT abilities on the influence of liking ratings on CSE modulation; Fig. 5c), 15 

we found that the significant influence of liking ratings on CSE modulation was not mediated by PT 16 

(Sobel test, z = -1.37, p = .08). Conversely, only for the fourth model (i.e., mediation of PT on the 17 

influence of CSE modulation on liking ratings; Fig. 5d) we found evidence of mediation, since the 18 

negative relationship between CSE modulation and liking ratings was significantly affected by the 19 

inclusion of dispositional empathy as a mediator (Sobel test, z = 1.68; p = .047).  20 

 21 

3.5. Control experiment 22 

The linear mixed model on the EMG ratio values recorded from the FDI muscle revealed significant 23 

main effects of the fixed factors Bin (F(4,790) = 8.87, p < .001) and Style (F(1,790)= 49.42, p < 24 

.001), but a non-significant interaction between Style and Bins (F(4,790) = 1.47, p = .209). Thus, 25 
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the pattern of EMG activation of the FDI muscle was overall higher for painting with a pointillist- 1 

than brushstroke-like style, but no differentiation of its motor involvement was found during the 2 

movement (Fig. 6). Conversely, the linear mixed model on values recorded from the ECR muscle 3 

revealed significant main effects of Bin (F(4,790) = 43.7, p < .001), Style (F (1,790) = 212.59, p < 4 

.001), and a significant interaction between Style and Bin (F(4,790) = 18.85, p < .001). Thus, the 5 

pattern of EMG activation for the ECR revealed that not only was it overall greater for brushstroke- 6 

than pointillist-like painting, but also it was differently modulated for the two styles during the 7 

movement. Polynomial contrasts revealed a significant quadratic trend while participants were 8 

painting with a pointillist-like style (F (1,790) = 8.5, p = .004), whereas the other trends were not 9 

significant (all F(1,790) < 1). Crucially, for the brushstroke-like style, polynomial contrasts 10 

revealed that both quadratic and cubic trends were significant (polynomial quadratic contrast: 11 

F(1,790) = 202.25, p < .001; polynomial cubic contrast: F(1,790) = 11.51, p < .001), while the 12 

linear trend was not significant (F(1,790) = 1.93, p = .164). Thus, while the pattern of ECR 13 

activation followed an inverted U-shaped curve during pointillist-like painting, peaking at the 14 

brush-paper touch and decreasing soon after, the activation during brushstroke-like painting was 15 

partially maintained after the brush-paper contact and during stroking. Accordingly, planned 16 

comparisons between the two styles at each bin revealed that the two styles did not differ at the first 17 

bin (F(1,790) = 1.98, p = .159), while the ECR muscle activation was higher during brushstroke-18 

like than pointillist-like style painting from the second up to the last bin (all F(1,790) > 13.99, p < 19 

.001).  20 

 21 

4. Discussion  22 

The present study aimed to determine whether activation of an observer’s motor cortex during the 23 

passive observation of artwork represents a non-specific emotional response (known to 24 

physiologically correspond to an early and non-muscle-specific modulation of CSE), or whether it 25 
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rather reflects the simulation of the artist’s movements when creating the observed artwork (known 1 

to correspond to a late muscle-specific modulation of CSE). In order to address these questions, we 2 

asked participants to provide liking ratings for pointillist- or brushstroke-style paintings while, as a 3 

proxy of the activation of the observer’s motor cortex, we recorded MEPs from muscles differently 4 

involved in the two painting styles: the right index finger (FDI) and forearm (ECR) muscles. 5 

spTMS was applied at 150 (i.e., early) or 300 ms (i.e., late) to record MEPs after the stimulus 6 

presentation. The results revealed a late and muscle-specific activation in response to passive 7 

viewing of canvases painted with the brushstroke style, suggesting that motor activation during 8 

artwork perception reflects a motor simulation response rather than a general emotional reaction.  9 

Further detailing the results, the pattern of CSE modulation during artwork perception showed that 10 

observing brushstroke paintings increased ECR, but not FDI activation at the late delay post-11 

stimulus presentation. This activation is unlikely due to a general motor response induced by 12 

viewing a complex stimulus as we tested only the modulation for viewing a painting, and controlled 13 

for the effect of viewing a comparably complex stimulus, such as a garden photographs. Nor can 14 

this modulation be due to viewing a valenced stimulus as it clearly differentiated the two muscles 15 

and the two painting styles, despite the two styles received comparable liking ratings. This does not 16 

mean that the observer’s motor cortex is not involved in processing the emotional valence of a 17 

stimulus (Borgomaneri, Gazzola, & Avenanti, 2012; Borgomaneri et al., 2015; Van den Stock et al., 18 

2011), but rather that the late-timing and muscle-specific activation we found for brushstroke 19 

paintings is more compatible with a motor simulation than emotional processing response 20 

(Borgomaneri et al., 2015).  21 

Indeed, the recording of the ECR activation in a control experiment, while a separate group of 22 

individuals actually executed painting movements, showed that the ECR was not only more 23 

activated for brushstroke- than pointillist-like movements, but it also showed a differential 24 

modulation for the different phases of the movement. In particular, while the ECR activation during 25 
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brushstroke-like movements peaked at the brush-paper contact, its differential activation as 1 

compared to pointillist-like movements was kept also during the stroking phase. This suggests that 2 

ECR activation plays a specific role in producing the strokes and not only in grasping and holding 3 

the brush, at least when participants are instructed to perform these movements by holding the 4 

brush with a power grasp. Notably, given that the same instructions were provided in the 5 

visuomotor training before the TMS session, it is likely that a similar muscle-specific involvement 6 

for the two painting styles was triggered in the participants of the main experiment during the 7 

visuomotor training. Conversely, even if the FDI was more activated during pointillist- than 8 

brushstroke-like movements, its differential activation was not modulated during the movement, 9 

suggesting a more general role in grasping and holding the brush rather than in producing the dots. 10 

This may explain why we did not observe a specific FDI CSE modulation during observation of 11 

pointillist paintings and suggests that the pattern of motor activation during artwork perception may 12 

specifically match the functionally relevant aspects of the movements. In other words, what is 13 

simulated in the motor cortex of an artwork beholder is not simply the act of grasping the brush, but 14 

the act of tracing the canvas with a brush. 15 

Similar muscle-specific CSE modulation has been previously reported during artwork perception. 16 

Battaglia et al. (2011) recorded MEPs from the ECR muscle while participants observed pictures of 17 

Michelangelo’s “Expulsion from Paradise” fresco, which depicts a hand extension movement, and 18 

compared MEPs to those recorded during the observation of a real hand photographed in the same 19 

pose or another painting depicting relaxed or flexed hands (Michelangelo’s “Creation of Adam” or 20 

Bellini’s “Dead Christ with Angels”). They found that the CSE was more facilitated during the 21 

observation of the “Expulsion from Paradise” as compared to all other stimuli. However, it seems 22 

reasonable to argue that motor activation during painting perception in the Battaglia et al. (2011)’s 23 

study reflected the motor simulation of the movement depicted within it, rather than the movement 24 

implied to produce it. Here, we selected stimuli that did not depict any human figure or body part to 25 
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isolate a possible simulation of the artist’s movements or the emotional processing of the stimuli 1 

(which we excluded with the time- and muscle-specificity of the activation profile) from the 2 

representational content.   3 

The activation of the motor cortex for abstract artworks without representational content has been 4 

explored using EEG (Umilta’ et al., 2012) and ERPs (Sbriscia-Fioretti et al., 2013). In particular, 5 

Umilta’ et al. (2012) showed greater mu-rhythm suppression (an index of motor activation) during 6 

passive viewing of Lucio Fontana’s slashed canvases, which are readily evocative of the artist’s 7 

action to cut the canvas, as compared to the observation of graphically modified versions of the 8 

same artwork. Similarly, Sbriscia-Fioretti et al. (2013) found that passive viewing of Franz Kline’s 9 

paintings (depicting geometrical brushstrokes), as compared to modified versions of the same 10 

forms, evoked a greater fronto-central deflection of ERPs at around 300 ms post-stimulus onset at 11 

an interval corresponding to our late spTMS. All in all, our findings corroborate previous evidence 12 

of motor activation in response to the observation of artworks. Capitalizing on the muscle and time 13 

specificity of spTMS-MEP recording, we were also able to show that this motor activation 14 

specifically reflects the simulation of the motoric aspects of the artist’s painting acts and 15 

differentiate it from an emotional response. 16 

Importantly, this action-specific modulation of motor activation was lower in those individuals who 17 

liked the paintings more and who tended to more easily take the cognitive perspective of others (as 18 

measured by the PT of the IRI). Dispositional empathy was also positively correlated with the 19 

liking ratings. Thus, the less the participants’ motor cortex was activated during the observation of 20 

canvases, the more they liked the canvases, and the more they were attuned to “put themselves into 21 

others’ shoes”. All together, these findings provide clear evidence for an association between 22 

aesthetic experience, empathy, and motor response during artwork perception (Freedberg & 23 

Gallese, 2007; Ticini et al., 2015). The positive influence of dispositional empathy on aesthetic 24 

appreciation is in line with previous empirical studies (Garrido & Schubert, 2011; Kawakami & 25 
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Katahira, 2015; Vuoskoski, Thompson, McIlwain, & Eerola, 2012) and fits well with the embodied 1 

aesthetics claim (Freedberg & Gallese, 2007) that “putting oneself into the artist’s shoes” is a 2 

crucial aspect of aesthetic experience. However, what might appear surprising here is that both 3 

liking ratings and dispositional empathy were associated with lower motor activation during canvas 4 

perception. Indeed, both the embodied esthetics account (Freedberg & Gallese, 2007) and previous 5 

evidence of motor activation during artwork perception (Battaglia et al., 2011; Sbriscia-Fioretti et 6 

al., 2013; Umilta’ et al., 2012) would suggest that greater motor activation correlates with higher 7 

aesthetic appreciation as higher simulation would lead to greater liking. However, if the relation 8 

between motor activation, simulation, and aesthetic experience was merely linear, how could most 9 

of us appreciate the complex and irreproducible moves of dancers, contortionists, or musicians even 10 

being unable to produce the same performance? In this sense, one may consider that, if our findings 11 

support the involvement of motor simulation in aesthetic experience, they do not fit with a linear 12 

relationship between the extent of motor activation or readiness of motor simulation and aesthetic 13 

appreciation (Gardner, Goulden, & Cross, 2015; Kirsch & Cross, 2018; Kirsch, Dawson, & Cross, 14 

2015; Kirsch, Drommelschmidt, & Cross, 2013).  15 

While it is widely known that expertise with an observed movement boosts the extent (Calvo-16 

Merino, Glaser, Grèzes, Passingham, & Haggard, 2005; Calvo-Merino, Grèzes, Glaser, 17 

Passingham, & Haggard, 2006; Cross, Hamilton, & Grafton, 2006; Kirsch & Cross, 2015) and 18 

selectivity (Aglioti, Cesari, Romani, & Urgesi, 2008) of motor activation, several studies have 19 

provided evidence of an even greater motor activation in response to actions that are farther from 20 

the observer’s motor repertoire, for example in the case of biomechanically impossible (Romani, 21 

Cesari, Urgesi, Facchini, & Aglioti, 2005), robotic (Cross et al., 2012; Grossmann, Cross, Ticini, & 22 

Daum, 2013), contortionist (Cross, Mackie, Wolford, de C Hamilton, & Hamilton, 2010), or 23 

residual limb (Aziz-Zadeh, Sheng, Liew, & Damasio, 2011) movements. In all these cases, rather 24 
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than reflecting the ease of simulation, motor activation seems to reflect the attempt to match 1 

unusual or completely new movements with known motor representations.  2 

Considering brain activations associated to aesthetic experience, greater activation of occipital and 3 

premotor cortex was obtained in expert dancers during the viewing of dance moves that were 4 

judged as being more pleasant (Calvo-Merino, Jola, Glaser, & Haggard, 2008). Furthermore, 5 

reminding the effects of performing pointillist- and brushstroke-like movements on the aesthetic 6 

appreciation of canvases (Leder et al., 2012), visual (Jola, Abedian-Amiri, Kuppuswamy, Pollick, & 7 

Grosbras, 2012; Orgs, Hagura, & Haggard, 2013), and physical (Kirsch, Dawson, et al., 2015; 8 

Kirsch et al., 2013) training with dance moves increased aesthetic appreciation and sensorimotor 9 

activations during observation of the same moves. These findings are consistent with the notion that 10 

the ease of simulation of artistic performance is a crucial aspect of aesthetic experiences. However, 11 

greater activation of visual and sensorimotor areas has been also reported in non-dancer participants 12 

when viewing dance moves that they liked more and judged as more difficult to physically 13 

reproduce (Cross, Kirsch, Ticini, & Schütz-Bosbach, 2011). This points to what has been referred to 14 

as “Cirque du Soleil effect”, where we may enjoy witnessing the spectacular movements of talented 15 

performers that are more “unlike us” and, thus, do not belong and cannot be incorporated into our 16 

sensorimotor repertoire (Cross et al., 2011; Kirsch, Urgesi, et al., 2015). Converging evidence for 17 

such an “unlike me” aspect of aesthetic experience has come from studies using brain stimulation 18 

methods to modulate activation of motor areas during aesthetic experience (reviewed in Cattaneo, 19 

2020; Kirsch, Urgesi, et al., 2015). Indeed, these studies have shown that lowering motor activation 20 

with inhibitory stimulation of fronto-parietal motor areas may be associated to greater aesthetic 21 

appreciation of natural stimuli, such as dance movies (Calvo-Merino, Urgesi, Orgs, Aglioti, & 22 

Haggard, 2010) and static or dynamic body postures (Cazzato, Mele, & Urgesi, 2016), artifacts 23 

(Ticini, Urgesi, & Kotz, 2017) or artworks (Nakamura & Kawabata, 2015). 24 
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However, this is not necessarily in contrast with an embodied simulation account of aesthetics as 1 

what counts in aesthetic experience might not be the ease of simulation or embodiment of the 2 

movement depicted or implied in a piece of art, but the attempt to simulate/embody it (Kirsch, 3 

Urgesi, et al., 2015). In this sense, motor activation during artwork perception might reflect the 4 

attempt to incorporate a more or less familiar movement into the motor repertoire of the beholder. 5 

Whatever is the result of this process, either a full match in the motor repertoire of an expert or a 6 

sublime mismatch in the motor repertoire of a naïve beholder, it heightens aesthetic experience. 7 

This suggestion was corroborated by the applied mediation analysis, which showed that 8 

participants’ ability to take the cognitive perspective of others was a significant mediator that at 9 

least partially explained the effect of muscle-selective motor activation on liking ratings. Indeed, 10 

while we did not find evidence that the relation between perspective taking and liking ratings was 11 

mediated by the extent of motor activation, lower motor activation led to higher liking ratings 12 

especially in those individuals who reported higher disposition to take the cognitive perspective of 13 

others. Accordingly, it has been shown that higher disposition to perspective taking facilitates the 14 

embodiment of unlike-me movements, such as the movements of the residual limb of an amputee 15 

person (Liew, Sheng, & Aziz-Zadeh, 2013) or of the pain inflicted to stranger’s body (Avenanti, 16 

Minio-Paluello, Bufalari, & Aglioti, 2009). Furthermore, perspective-taking disposition was also 17 

associated with the increase of the aesthetic appreciation of objects after interferential stimulation 18 

over the observer’s parietal cortex (Ticini et al., 2017). Crucially, the effect of empathic 19 

dispositions may be attenuated by experience (Liew et al., 2013), pointing to an interaction between 20 

individual dispositional traits and actual experience in shaping the way we simulate and embody 21 

others (Kirsch, Urgesi, et al., 2015). 22 

It is worth noting that our participants were quite naïve to art as documented by their scores on the 23 

Art Experience Questionnaire. Moreover, their attempt to produce pointillist- or brushstroke-like 24 

drawings in the preliminary visuomotor training served us to ensure an association between 25 
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pointillist- or brushstroke-style paintings and, respectively, stippling or stroking movements. 1 

However, this might have also exacerbated the distance between the participant’s graphical skills 2 

and those of the famous Neo-Impressionist or Post-impressionist painters. Different forms of Arts, 3 

for example Lucio Fontana’s cuts (Umilta’ et al., 2012) or Franz Kline’s graphical marks (Sbriscia-4 

Fioretti et al., 2013), may trigger an easier embodiment or the artist’s movements in the beholders’ 5 

motor repertoire. Our findings of a negative relation between motor activation and liking ratings of 6 

representational canvases may not extend to the appreciation of other forms of art, which may 7 

differently yet powerfully trigger aesthetic experiences with different processes. Future studies are 8 

required to further clarify the influence of visuomotor experience and skills and forms of art in 9 

modulating the extent of motor activation during aesthetic appreciation (Leder et al., 2012; Ticini et 10 

al., 2014). In this regard, we acknowledge that the specific pattern of muscle-specific modulation of 11 

CSE during the observation of brushstroke-like canvases might have been biased by the visuomotor 12 

training participants received prior to the TMS session. This training allowed ensuring specific 13 

associations between different painting styles and different brush grasping strategies, thus reducing 14 

expected inter-individual variability in motor strategies during painting, which has been shown to 15 

shape sensorimotor activity during action observation (Hilt et al., 2020). The control experiment 16 

highlighted the specific involvement of the two muscles in the two different grasp and paint 17 

strategies. However, this may hinder the generalizability of our results to other conditions. Different 18 

results could arise from an experimental design in which no explicit visuomotor associations are 19 

established or when dealing with art-experienced individuals.  20 

Finally, the multifaceted nature of aesthetic experience cannot be easily grasped by a subjective, 21 

explicit liking judgment as used in the present and (many other) neuroscientific studies (Calvo-22 

Merino et al., 2008; Kirsch, Urgesi, et al., 2015), thus urging caution in generalizing the role of 23 

motor activation, simulation and empathy to the various facets of aesthetic experience. 24 

Nevertheless, our finding of a late and muscle-selective activation of the observer’s motor system 25 
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during perception of paintings suggests that the motor involvement in artwork perception reflects 1 

motor simulation and not simply an emotional reactivity response. This converges with previous 2 

studies (Ardizzi et al., 2020; Sbriscia-Fioretti et al., 2013; Umilta’ et al., 2012) in showing that 3 

action simulation and embodiment are crucial aspects of aesthetic experience. 4 
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Figure Captions 1 

Figure 1. Examples of pointillist and brushstroke paintings and of garden photographs.  2 

For pointillist paintings, from the left: “Le Château de Clisson” (Metzinger, Jean, 1905); “Forest 3 

Abstraction #6” (Franco, Angelo, 2011); “Undergrowth” (Cross, Henri-Edmond, 1906). For the 4 

brushstroke paintings, from the left: “Starry Night” (van Gogh, Vincent, 1889); “Evening 5 

Landscape with Rising Moon” (van Gogh, Vincent, 1889); “The Olive Trees” (Van Gogh, Vincent, 6 

1889). For the garden photographs, from the left: Photographs from the Gardens of Versailles; the 7 

Padua Botanic Garden, the Chateau de Vaux-le-Vicomte. 8 

 9 

Figure 2. Schematic representation of the experimental sessions in the main experiment (a) 10 

and of the trial procedure in the TMS session (b).  11 

a) The main experiment comprised three consecutive sessions: i) a visuomotor training, ii) a 12 

transcranial magnetic stimulation (TMS) session and iii) a questionnaire session. In the visuomotor 13 

training session, participants were required to produce 10 pointillist-like paintings using a precision 14 

grip to grasp the brush (upper figures) and ten brushstroke-like paintings using a power grip (lower 15 

figures). Soon after the visuomotor training, the same participants were involved in the TMS 16 

session. During this session, single-pulse TMS was delivered at each trial and Motor Evoked 17 

Potentials (MEPs) were recorded from the right first dorsal interosseous (FDI) and extensor carpi 18 

radialis (ECR) muscles after presentation of a pointillist or brushstroke painting or of a garden 19 

photograph. In each trial, participants were asked to express their liking of the observed picture. At 20 

the end of the TMS session, the participants filled out the Interpersonal Reactivity Index 21 

questionnaire.  22 

b) The figure depicts an example of a pointillist painting trial. For each trial, the presentation of the 23 

fixation cross was followed by the presentation of the target stimulus for 350 ms. Within this time 24 
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window, the TMS pulse was delivered at an early (after 150 ms) or a late (after 300 ms) delay after 1 

the onset of the picture and MEPs were recorded.  The target stimulus was followed by the 2 

presentation of a response frame with the liking 7-point Likert scale, which remained on the screen 3 

until participant’s verbal response.  4 

 5 

Figure 3. Effects of painting observation on the modulation of cortico-spinal excitability 6 

(CSE). 7 

Amplitude of Motor Evoked Potentials (MEPs) recorded from the right first dorsal interosseous 8 

(FDI; a) and extensor carpi radialis (ECR; b) muscles during observation of pointillist-style (white 9 

bars) and brushstroke style (black bars) paintings is expressed as percentage difference from the 10 

corresponding values during observation of garden photographs (CSE modulation). MEPs were 11 

recorded after either 150 ms (early delay) or 300 ms (late delay) from stimulus onset. Error bars 12 

indicate standard error of the mean. Asterisks indicate significant pair-wise comparisons (p < .05).  13 

 14 

Figure 4. Correlation between modulation of cortico-spinal excitability (CSE) and the liking 15 

judgments and empathy scores of the observers.  16 

a) Negative correlation between the late CSE modulation index for the extensor carpi radialis 17 

(ECR) muscle during the observation of brushstroke-style paintings (on the y-axis; expressed as 18 

percent difference from the garden photograph condition) and the liking of brushstroke-style 19 

paintings (on the x-axis; expressed as percent difference from the garden photographs condition). b) 20 

Negative correlation between the late CSE modulation index for the ECR muscle during the 21 

observation of brushstroke-style paintings (on the y-axis) and the dispositional empathy measure at 22 

the Perspective Taking (PT) subscale (on the x-axis). c) Positive correlation between the liking of 23 

brushstroke-style paintings (on the x-axis) and the dispositional empathy measure at the PT 24 
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subscale (on the y-axis). All correlations were significant at p < .05, after correction for multiple 1 

testing. 2 

 3 

Figure 5. Mediation models.  4 

Four Mediation analyses were performed to test whether the influence of an independent variable 5 

(IV) on a dependent variable (DV) could be accounted for or not by a mediator (M). In particular 6 

we tested: a) the mediation of liking ratings (M) in the influence of Perspective Taking (PT) 7 

dispositions (IV) on cortico-spinal excitability (CSE) modulation (DV); b) the mediation of CSE 8 

modulation (M) in the influence of PT dispositions (IV) on liking ratings (DV); c) the mediation of 9 

PT dispositions (M) in the influence of liking ratings (IV) on CSE modulation (DV); and d) the 10 

mediation of PT dispositions (M) in the influence of CSE modulation (IV) on liking ratings (DV). 11 

For each path (i.e., a, b, and c), values correspond to the unstandardized path coefficients. The 12 

indirect effect of the mediator (i.e., path c’) was quantified as the difference between the 13 

unstandardized path coefficients of the direct effect between the independent and the dependent 14 

variables (i.e., path c) and the product of the unstandardized path coefficients (i.e., a u b). Asterisks 15 

denote significant regression coefficients. Significant difference between the direct and the indirect 16 

effect (i.e., c vs c’) is shown as dashed line (model d). 17 

 18 

Figure 6. Results of the control experiment.  19 

The mean value of the electromyography (EMG) rectified signal, expressed as percent of baseline, 20 

recorded from the right first dorsal interosseous (FDI; upper panel) and extensor carpi radialis 21 

(ECR; lower panel) muscles during the execution of painting with pointillist- (white circles) and 22 

brushstroke-like (black circles) movements (Control experiment). The EMG signal was averaged in 23 

200-ms bins and the 5 bins around the activation peak (dotted vertical line) were analyzed. Error 24 
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bars indicate the standard error of the mean; asterisks indicate significant difference for the style × 1 

bin interaction, which was significant for the ECR muscle only. Rather, the main effects of style 2 

and bin were significant for both the FDI and the ECR muscles, revealing that the FDI was more 3 

engaged for pointillist-like painting and the ECR for brushstroke-like painting.  4 
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Table 1. List of the pointillist- or brushstroke-style paintings used as experimental stimuli 1 

Pointillist Brushstroke 

Cross, Henri-Edmond (1891). The Golden Isles Alexander, David (2012). Reed Bottom Lines 

Cross, Henri-Edmond (1906). Undergrowth Alexander, David (2012). See Throughs 

Cross, Henri-Edmond (). Cypresses at Cagnes Arnold, Kathryn (2010). Leveling the Clouds 

Dellavallée, Henri (1887). La Rue au Soleil à Port-Manech Arnold, Kathryn (2010). Silk Wind 

Dellavallée, Henri (1887). Farmyard Benini, Alessandra (2001).  La maison d'artiste 

Dubois, Louis (1888). La Marne à l'Aube Cezanne, Paul (1904). Mont Sainte-Victoire 

Franco, Angelo (2007). Blooming Tree Cezanne, Paul (1906). Bend in forest road 

Franco, Angelo (2010). Abstract Forest IV Cezanne, Paul (1905). Riverbanks 

Franco, Angelo (2011). Forest Abstraction Huys , Modest (1919). Ruins of Elverdinge 

Franco, Angelo (2011). Forest Abstraction #6 Lemmen, Georges (1891). Heyst No.9 The Beach 

Franco, Angelo (2011). Forest of Love Monet, Claude (1881). Wheat Field 

Franco, Angelo (2011). Virginia Forest Abstraction 1 Monet, Claude (1882). Shadows on the Sea - the Cliffs at Pourville 

Franco, Angelo (2012). Portrait of a Hill Monet, Claude (1885). The Cliff Of Aval Etretat 

Franco, Angelo (2012). Rare Bird Purrmann, Hans (1909). Coastal landscape near Cassis 

Holton, William (2005). Fallout Signac, Paul (1885). Saint Briac, Courtyard of the Ville Hue 

Lacombe, Georges (1909). In the Forest Signac, Paul (1895). Saint Tropez the Gust of Eastern Wind 

Lemmen, Georges (1891). Beach at Heist van Gogh, Vincent (1887). Wheat Field with a Lark 

Lemmen, Georges (1892). View of the Thames van Gogh, Vincent (1888). Public Park with Weeping Willow 

Lemmen, Georges (1894). Factories on the Thames van Gogh, Vincent (1889). Cypresses 

Luce, Maximilien (1890). The Seine at Herblay van Gogh, Vincent (1889). Olive Grove 

Luce, Maximilien (1900). Montmartre - de la Rue Cortot, Vue vers Saint-Denis  van Gogh, Vincent (1889). Olive Orchards - Bright Blue Sky 

Malevich, Kazimir (1908). Landscape van Gogh, Vincent (1889). Starry Night 

Matisse, Henri (1904). Le Cap Layet van Gogh, Vincent (1890). Doctor Gachet's Garden 

Metzinger, Jean (1905). Le Château de Clisson van Gogh, Vincent (1890). Landscape near Auvers - Wheatfields 

Metzinger, Jean (1905). Paysage au Deux Cypres van Gogh, Vincent (1890). Old Farmhouses in Auvers 

Metzinger, Jean (1905). Paysage Neo-Impressiste van Gogh, Vincent (1890). Road with Cypres and a Star 

Metzinger, Jean (1906). Matin au Parc Montsouris Van Gogh, Vincent (1889). The Olive Trees 

Metzinger, Jean (1906). Parc Monceau van Gogh, Vincent (1889). Wheat Field With Cypresses 

Picabia, Francis (1909). View of St. Tropez from the Citadel van Gogh, Vincent (1890). Houses at Auvers 

Seurat, Georges (1888). Port-en-Bessin - Avant-Port Marée Haute van Gogh, Vincent (1890). Wheatfield with Crows 

Seurat, Georges (1888). Port-en-Bessin - Entrance to the Harbor van Gogh, Vincent (1888). Orchard in Blossom (Plum Trees) 

Seurat, Georges (1890). Gravelines Annonciade van Gogh, Vincent (1889). Green Wheat Field with Cypress 

Signac, Paul (1889). River's Edge - the Seine at Herblay van Gogh, Vincent (1889). Evening Landscape with Rising Moon 

Signac, Paul (1900). Palais des Papes Avignon van Gogh, Vincent (1889). Wheatfield with Rising Sun 

Signac, Paul (1909). Pine Tree at Saint-Tropez van Gogh, Vincent (1888). Path Through a Field with Willows  

Signac, Paul (1915). Le Port de la Rochelle van Gogh, Vincent (1890). Field with Stacks of Wheat 

Signac, Paul (1897). View of Saint-Tropez van Gogh, Vincent (1890). Green Wheat Fields, Auvers 

Sokolov, Anatoly (2008). Abstraction Painting 002 van Gogh, Vincent (1889). Les Peiroulets Ravine 

van Rysselberghe, Théo (1892). Sailboats and Estuary van Gogh, Vincent (1890). Wheat Field at Auvers with White House 

van Rysselberghe, Théo (1896). Pointe Saint-Pierre at Saint-Tropez van Gogh, Vincent (1888). Wheat Fields near Auvers 

   2 
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Table 2. Mean (± standard error) raw amplitude (in mV) of Motor Evoked Potentials (MEPs) 1 

recorded from the two muscles at the early and late stimulation delays and of the liking Likert 2 

ratings provided during the observation of the three stimulus types. 3 

 FDI FDI ECR ECR Liking ratings 

 Early delay Late delay Early delay Late delay  

Pointillist  1.07 ± 0.19 1.10 ± 0.21 0.53 ± 0.09 0.51 ± 0.09 4.05 ± 0.24 

Brushstroke 1.06 ± 0.18 1.08 ± 0.19 0.51 ± 0.08 0.52 ± 0.08 3.98 ± 0.22 

Garden  1.08 ± 0.18 1.08 ± 0.19 0.54 ± 0.09 0.50 ± 0.08 4.28 ± 0.26 

 4 
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