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Overview 

 

The combination of Transcranial Magnetic Stimulation and Electromiography (TMS-EMG) 

to induce and record motor evoked potentials (MEPs) is a well-known and broadly used paradigm 

in neuroscience, for both clinical and research purposes. When applying a single TMS pulse over 

the primary motor cortex a muscle twitch over the contralateral peripheral muscle is induced, which 

can be amplified and recorded by means of an EMG apparatus. MEPs can be considered a hallmark 

to non-invasively quantify corticospinal and, indirectly, cortical excitability. Typically, TMS is 

applied over the hand knob and the muscle contraction is recorded from the contralateral hand. Due 

to the great spatial focality of TMS, specific muscle within the hand can be targeted, such as the 

first dorsal interosseous (FDI), the abductor digiti minimi (ADM) or the opponens pollicis (OP). 

Aside the hand, also other limb and body muscle are often targeted (e.g. Perez et al., 2004, for the 

leg; Fadiga et al., 2002 for the tongue). One of the main use of MEP measurement is clinical, such 

as assessing the state of the motor system and the integrity of corticospinal motor pathway. In 

neuroscientific research MEPs have been massively used to explore motor functions properties, 

connectivity and state-changes in the cortical motor system during simple task or decision-making 

(Barker et al., 1986; Rossini & Rossi, 1998; Kobayashi & Pascual-Leone, 2003; Fadiga et al., 2005; 

Koch et al., 2006; Klein-Flügge et al., 2013). MEP measurement gained new interest around 20 

years ago, when Fadiga and co-workers (1995) showed the possibility to investigate through this 

technique the properties and functioning of the human mirror system (HMs). 

HMs is a neural network which is activated not only during action execution but also during 

action observation (Di Pellegrino et al., 1992), leading to an effect known as motor facilitation or 

motor resonance (Fadiga et al., 1995) which has been investigated to evaluate action intention, 

preparation and to understand the influence of context over action perception (Iacoboni et al., 2005; 

Wurm & Schubotz, 2012). 
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The main theme of the present thesis is providing some examples and critical discussion on 

how TMS-induced MEPs, as a measure of corticospinal excitability modulations, can be used 

beyond the assessment of motor functions, to explore action understanding and higher cognitive 

functions.   

The appropriateness of the conclusions drawn from human MEP measurements relies on an 

accurate understanding of the complex nature of their physiological underpinnings. For this reason, 

the first chapter of the present work will address the physiological basis and the compound nature of 

MEPs, characterized by many generators and components. This complexity can render MEPs a 

sneaky measure, hence all the variables that need to be taken into account when deciding to design a 

study employing this measure will be reviewed.  

In the second and third chapters a set of studies will be presented where MEPs are used to 

investigate how human mirror activity is affected by the context in which actions are embedded. 

Specifically, in the second chapter a set of neuroeconomics studies will be illustrated, exploring 

whether the same observed action, conveying different economic outcomes within an economic 

game, modulates corticospinal excitability as a function of several features, independently from the 

intrinsic properties of the action, and foreseen by models accounting for human behaviour during 

economic interactions. The third chapter contains a study aiming at investigating whether motor 

resonance can be affected also by contextual cues with a social connotation, such as the stereotypic 

perception of the agent. 

In the fourth chapter the conclusions from all the studies on motor resonance taken together 

will be drawn, outlining our contribute to this field of research. Moreover, the open questions on the 

neural networks involved in action observation and comprehension will be briefly discussed and the 

future direction to deeper investigate this issue will be presented.  
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The fifth chapter will provide an example of another type of use of MEP measure, employed 

in this case to explore more a complex phenomenon in the field of embodied cognition. In 

particular, we tracked the influence of a peculiar emotional state, such that induced by power 

experience, over own body schema and surrounding space perception.  

In the last chapter, the overall conclusions from studies’ results will be drawn and discussed 

in relation to the specific topic of the comparability across studies and in the broader sense of the 

potentialities and limits of using MEPs measure to understand more complex behaviour. 
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1. The physiological underpinnings of the motor-evoked potentials and their use for 

understanding human behaviour 

 

1.1 Physiological underpinnings and compound nature of MEPs 

 

Motor evoked potentials (MEPs) are one of the few quantifiable indices of brain activity 

providing an online and measurable, although indirect, read-out of corticomotor pathway (Barker et 

al., 1985; Rothwell et al., 1987; Day et al., 1987) in both physiologic and pathologic conditions 

(Barker et al., 1986; Rossini & Rossi, 1998; Kobayashi & Pascual-Leone, 2003). 

When transcranial magnetic stimulation (TMS) pulses are delivered over the primary motor 

cortex (M1) they elicit a quantifiable contraction in contralateral muscles which can be recorded 

through electromyography (EMG) with surface electrodes. 

From an historical perspective, the corticospinal pathway has been studied at first in animals, by 

giving an electrical stimulus to the motor cortex and recording its output by placing electrodes on 

different parts of the bulbar region: the pyramidal tract of the medulla (Adrian & Moruzzi, 1939); 

the bulbar pyramids and the lateral column of the cervical spinal cord (Patton & Amassian, 1954); 

the dorsolateral surface of the cervical spinal cord (Kernell & Chien-Ping, 1967). These studies 

shed light on the central excitatory pathway, which precedes the final motor output and recorded a 

series of high-frequency waves (about 600 Hz). 

The earliest wave recorded in animals is called direct (D-) wave (Patton & Amassian, 1954) 

and is evoked from the direct activation of the initial axonal segments of fast-conducting pyramidal 

tract neurons. D-waves are relatively resistant to changes in cortical excitability: they persist, for 

example, after cortical depression and cortical ablation, suggesting that they depend from the 

activation of corticospinal axons in the subcortical white matter.  



6 
 

Subsequent waves require instead the integrity of cortical grey matter and are thought to 

originate from indirect and trans-synaptic (intra- and trans-cortical) activation of the pyramidal tract 

neurons and are called indirect (I-) waves (Patton & Amassian, 1954).  

The first studies recording corticospinal volleys in humans were performed on anaesthetized 

patients during surgery, applying transcranial electrical stimulation (TES) or TMS (Boyd et al., 

1986; Berardelli et al., 1990; Thompson et al., 1991; Burke et al., 1993). The main limit of this 

procedure was that anesthesia influenced the recruitment of descending ways for both type of 

stimulation.  

Recordings from conscious humans were performed some years later (Kaneko et al., 1996; 

Nakamura et al., 1996; Di Lazzaro et al., 1999) by using implanted epidural electrodes. These 

studies showed that TES activated the motor cortex recruiting D-waves, while TMS usually evoked 

I-waves and recruits D-waves only at higher intensities. 

I-waves origin and nature is complex and not entirely understood (Di Lazzaro et al., 2008; Rusu et 

al., 2014, Di Lazzaro and Ziemann, 2013). Taken together, I-waves have different generators and 

involve different descending volleys, occurring at latencies between 2.4 and 7 ms after the D-wave. 

I-waves can be distinguished in early (I1) and late I-waves (I2, I3, I4 ) (Amassian et al., 1987; Boyd 

et al., 1986; Di Lazzaro & Ziemann, 2013; Di Lazzaro et al., 2004, 2012).  

I1 waves are induced by indirect activation of corticospinal cells, while late I-waves 

originate from a separate and more complex circuit composed of a chain of cortical interneurons 

whose activation produces a repetitive discharge of corticospinal cells (Di Lazzaro et al., 2008). 

Early and late I-waves also differ to their sensitivity to GABAa receptors (Paulus et al., 

2008): benzodiazepins, for example, produce a selective suppression of late I-waves with no effect 

on the I1 (Di Lazzaro et al., 2000). 
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MEPs are then a compound signal in which cortical and spinal-segmental contributions are 

combined to determine MEPs amplitude (Bestmann & Krakauer, 2015), which quantifies the level 

of corticospinal excitability (Barker et al., 1985; Rothwell et al., 1987; Day et al., 1987). 

MEPs’ latency, instead, reflects the time needed for neural impulses to reach peripheral 

muscles and rely upon the speed of the corticospinal projections, the summation of descending 

volleys at the spinal motor-neuron level and the conduction time along peripheral motor neurons 

(Bestmann & Krakauer, 2015). 

MEPs size and shape are influenced by technical and physiological factors. Among technical 

parameters there are the target muscle, TMS stimulation intensity, coil placement and shape and 

pulse waveform; therefore, all these parameters should be considered when planning an experiment 

(Kiers et al., 1993; Dunnewold et al., 1998; Julkunen et al., 2009). Typically, in studies where 

TMS-elicited MEPs are measured, the figure-of-eight coils are used since they are more focal than 

circle ones (Di Lazzaro & Ziemann, 2013); moreover, biphasic waveform seems to be more 

effective in eliciting MEPs (Kammer et al., 2001). Concerning coil orientation, a position tangential 

to the scalp with the handle pointing backward and laterally at 45° angle away from the mid-sagittal 

axis of participant’s head induces an electric current flowing in the brain in a posterior-anterior 

direction, which is perpendicular to the central sulcus. This current direction can induce trans-

synaptic activation of the corticospinal pathways, and is considered the optimal orientation to 

trigger and record MEPs (Brasil-Neto et al., 1992; Mills et al., 1992). 

In many cases, measuring MEPs is an unavoidable prerequisite for running TMS studies. 

Stimulation intensity, indeed, is often based on the individual motor threshold, defined as the lowest 

intensity of the stimulator output that elicits MEPs with an amplitude of at least 50 μV in the 

contralateral FDI muscle with a 50% probability when the subject kept the muscle relaxed (Rossini 

et al., 1994). It is important to assess this threshold for each participant: while this parameter has a 
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relatively constant value within a subject, it varies greatly between individuals (Wassermann, 2002; 

Danner et al., 2008, 2012; Säisänen et al., 2008). 

On the other side, also some physiological factors, such as muscle activity, alertness, 

medication, age and physiologic fluctuations at the cortical and spinal level (Kiers et al., 1993; 

Thickbroom et al., 1999; Magistris et al., 1998) are able to affect MEPs (Pitcher et al., 2003; 

Darling et al., 2006; Hess et al., 1987; Paulus et al., 2008; De Gennaro et al., 2007) and need to be 

kept into consideration when designing experiments and when comparing studies. 

These caveats do not hinder the usefulness of MEPs as a measure of state changes in the human 

motor system. Rather, these findings suggest caution against drawing fast conclusion about motor 

excitability absolute values, and can help in taking care of all the parameters able to influence 

MEPs properties when designing an experiment. 

 

1.2 The use of MEPs: from the motor function per se to motor resonance and affordance 

 

Thanks to the relative easiness of recording, MEPs were largely used since the very first 

years of TMS research to tap M1 excitability fluctuations in relation to motor functioning, with 

different purposes.  

First, from a clinical point of view MEPs are a valuable method to assess the motor system 

state and the integrity of the corticospinal pathway. This measure, indeed, is often recorded in 

clinical settings to monitor and diagnose different diseases involving motor dysfunctions, such as 

multiple sclerosis, amyotrophic lateral sclerosis, stroke, movement disorders, disorders affecting the 

spinal cord, facial and other cranial nerves (Rossini & Rossi, 2007; Groppa et al., 2012; Rossini et 

al., 2015; Menon et al., 2015). 
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Furthermore, MEPs have been used to investigate online the effects (e.g. duration, dose dependent 

responses) and offline aftereffects of non-invasive brain stimulation neuro-modulatory techniques, 

such as tDCS (e.g. Pellicciari et al., 2013; Nitsche & Paulus 2000) or rTMS (e.g. Maeda et al., 

2000).  

Although MEP recordings were originally designed to test the integrity of the motor system 

and to monitor changes in M1 during and following motor learning (Bagce et al., 2013; Todd et al., 

2009; Gelli et al., 2007) and performance (Lemon et al., 1995), MEPs gained new interest after the 

mirror system discovery. Mirror neuron system was first discovered in the ventral premotor cortex 

(PMv; area F5) of the macaque monkey and was shown to fire both while the animal was executing 

a specific action and when it was observing the same action performed by others (Di Pellegrino et 

al., 1992; Fadiga et al., 1995; Fadiga et al., 2005; Rizzolatti et al., 1996; Rizzolatti & Craighero, 

2004). 

Identifying human MNs (HMs) counterpart became immediately a prolific challenge 

(Gallese et al., 2011), getting lots of researchers involved with a variety of neuroimaging and 

neurophysiological paradigms and techniques. HMs is a complex network which involves, ventral 

and dorsal premotor cortices, the supplementary motor area, the primary motor and the inferior 

parietal regions (see for neuroimaging meta-analyses Caspers et al., 2010; Molenberghs et al., 

2012).  

The specific role of HMs has been largely debated, while some authors stressed its role in 

action understanding and anticipation (Gallese & Goldman, 1998.; Michael et al., 2014; Stadler et 

al., 2012), highlighting its potential role in social–cognitive development and imitation in children 

(Marshall & Meltzoff, 2014), others doubted about its origins and functions (Hickok & Hauser, 

2010; Hickok, 2009; Heyes, 2010). 
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In particular, one of the most well studied phenomenon attributed to the HMs is motor 

facilitation or motor resonance (Fadiga et al., 1995), a modulation of corticospinal excitability due 

to the observation of an action. This modulation can be investigated through the application of 

TMS over M1. Specifically, MEPs are greater when the participant observes a movement involving 

the recorded muscle. This was first demonstrated in a pioneering work by Fadiga and co-authors 

(1995), where TMS single pulses were delivered over left M1 to elicit MEPs in two hand muscles, 

FDI and OP, plus two muscles in the forearm, while participants watched an experimenter 

performing grasping movements or arm movements. EMG activity revealed a corticospinal 

facilitation in all four muscles during the grasping movement, while in the arm movement all 

muscle but the OP showed a facilitation, compared to a baseline condition in which participants 

observed a static hand or a dimming light. This was a first evidence that the observation of a 

movement modulated the same muscles recruited during action execution. 

Since then, motor resonance has become one the most well-studied phenomenon attributed 

to the HMs. A large number of studies focused on which action features and parameters were able 

to influence motor resonance. Critically motor facilitation is specific for the muscles involved in 

performing the observed action (Fadiga et al., 1995; Strafella & Paus, 2000; Romani et al., 2005; 

Alaerts et al., 2009; Gangitano et al., 2001; Valchev et al., 2015; Urgesi et al., 2006), is time-

locked with its specific kinematics (Alaerts et al., 2012; Borroni et al., 2011, Gangitano et al., 

2001, 2004; Urgesi et al., 2010) and is sensitive to the perspective from which the action is 

observed (Maeda et al., 2002).  

Interestingly other researchers highlighted that motor facilitation can be also influenced by a 

series of non-motor directly linked features, such as action’s goals (Cattaneo and Rizzolatti, 2009; 

Cavallo et al., 2012; Iacoboni, 2005; Umiltà et al., 2001), action meanings (Liuzza et al., 2014) and 

social variables such as the performer’s ethnicity (Avenanti et al., 2010).  
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A growing body of evidence, indeed, indicates that this measure of HMs activation can be 

modulated by top-down influences, modifying its amplitude according to action meaning or goals 

(Iacoboni et al., 2005). 

Iacoboni et al. (2005), for example, demonstrated that the same grasping action embedded in 

different contexts (i.e. grasping a bottle to drink vs grasping a bottle to clean) modulated activity in 

pre-motor areas, thus highlighting the role of the HMs in coding agent’s intentions. Similarly, 

greater HMs activations were recorded during meaningful compared to meaningless actions 

(Newman-Norlund et al., 2010).  

Recently, researches focused also on the social value assumed by an action during 

interpersonal interaction, which is one of the most ecological sets in which the HMs is supposed to 

play a relevant role (Hogeveen and Obhi, 2012). In particular, HMs involvement seems greater for 

actions performed in interaction contexts as compared to the same actions performed in isolation, 

suggesting a sensitivity to social situations. Accordingly, an increase in contingent negative 

variation ERP component (Kourtis et al., 2010), as well as an increment in motor facilitation 

(Sartori et al., 2011, 2012), occurred when the observed action could elicit a complementary 

response compared to when it did not imply any active response. Similarly, the observation of 

grasping movements performed with social intent (as to build a tower together with a partner) 

engenders a stronger activation within the HMs as compared to isolated single movements (Becchio 

et al., 2012). Finally, Bucchioni et al. (2013) compared two kinematically identical actions which 

could imply or not a social interaction (e.g. throwing a ball to a partner vs throwing a ball against 

the wall). They found a significant increase in MEPs amplitude during the observation of a social 

rather than an individual movement.  Crucially, in this experiment, participant’s involvement in the 

action was not requested or even suggested, highlighting that the mere presence of a social context 

is able to influence motor resonance. 
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Another research field, in which MEPs have been largely employed as a measure to explore 

more complex phenomena, taking advantage of their measurability and implicitness, regards the 

notion of affordance. Forty years ago, in his ecological approach to vision, Gibson (1977, 1979) 

first introduced the concept of affordance, referring to the idea that the visual perception of an 

object automatically generates a set of possible actions we can perform on and with it. Affordances 

are automatically triggered by object’s sight even if there is no explicit intention to interact with it 

and are limited by the observer’s action abilities and possibilities. 

The first neurophysiological support to Gibson’s idea came from animals’ studies with 

single neurons recordings. Rizzolatti and colleagues (1988) firstly described a neuron population in 

macaque monkeys’ premotor area F5, which selectively discharged during goal-directed actions, 

such as grasping or manipulating objects. The 20% of these neurons showed object-related visuo-

motor properties, firing not only when animals grasped an object, but also when they simply looked 

at a similar object without making any action on it (Murata et al., 1997).  

This neuronal population has been called canonical neurons (Rizzolatti & Fadiga, 1998) to 

differentiate them from the more popular mirror neurons discovered in the same area, but activated 

from action’s execution and observation (Di Pellegrino et al., 1992; Gallese et al., 1996). 

Subsequent studies deeply investigated the existence of a cortico-cortical network, 

composed of ventral and dorsal premotor cortices (Raos et al., 2004; Raos et al., 2006) intraparietal 

and posterior parietal regions (Murata et al., 2000; Rozzi et al., 2008), involved in transforming 

object’s visual information in grasping actions. 

Consistent with single cell recordings in monkeys, behavioural and neurophysiological 

findings in humans confirmed that the mere vision of an objects elicits in the observer the motor 

programs necessary to interact with it, even without any explicit intention to act (Craighero et al., 

1999; Tucker & Ellis, 1998).  
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Usually, behavioural studies investigated affordances by using the so-called compatibility 

effect (Tucker & Ellis, 2001; Tucker & Ellis, 2004): in this paradigm participants have to respond to 

objects’ features, for example to classify them as natural vs artifact, by producing a motor action. 

Results show that even if objects’ features are not relevant for the task, they interfere with 

performance by increasing reaction times required to answer.    

Crucially, neuroimaging studies consistently suggested that the simple observation of 

common objects or pictures of objects triggers an automatic recruitment of parieto-frontal regions. 

In particular, activation in response to action observation of the premotor and posterior parietal 

cortices, even in absence of motor outputs (Grafton et al., 1997; Grèzes et al., 2003; Chao & Martin, 

2000) suggested that the dorsal visual stream might constitute the neural underpinning for the 

concept of affordance, as originally hypothesized by Gibson. This network might be the responsible 

for transforming visual object’s information, such as size and orientation, into the appropriate hand 

motor programs necessary to grasp it (Jeannerod et al., 1995). 

Furthermore, neurophysiological studies on corticospinal excitability highlighted that object 

presentation elicited higher MEPs as compared to a non-object condition. 

 In a study from Franca and colleagues (2012), for example, participants observed small-size 

objects (i.e. a lipstick, a penknife, a lighter), easily graspable with a precision grip involving thumb 

and index fingers. In the experiment all objects were in the peripersonal – reachable space, 40 cm 

from the participant and placed in a box illuminated for 300 ms, with TMS pulses delivered 120, 

150, 180 ms after object’s presentation. Results showed that M1 excitability automatically increased 

within a small time interval after the observation of graspable objects, only for muscles involved in 

the grasping movement, that is OP and FDI muscles, as compared to muscles not activated during 

grasping as ADM.Further studies suggested that corticospinal modulation might depend on 

different object’s properties or features.  
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Object’s ease-to-grasp, for example, is a variable able to influence corticospinal excitability: 

Cardellicchio and coworkers (2011) suggested that a graspable object, for example a mug, can 

induce higher MEPs as compared to a cube. In the same vein, the sight of a mug with a handle 

located to the right side increase MEPs sight as compared to the same handle located to the left 

(Buccino et al., 2009). 

In the same study Buccino and colleagues (2009) highlighted that also structural object’s 

features are able to influence MEPs size: the sight of a virtual mug with an intact handle elicited 

higher MEPs as compared to the same object presented with a broken handle.  

Another important variable able to affect motor excitability is the object’s location in the 

space: Cardellicchio and colleagues (2011), for example, showed that when a virtual object is 

presented in the near – reachable space MEPs are higher as compared when the same object is in the 

far – unreachable space. 

In conclusion, MEPs can be and have been used to assess more complex phenomena of 

human behaviour than motor function, for instance in the field of motor resonance, to explore HMs 

activity, and in the domain of embodied cognition, being an easy and direct measure of motor 

excitability modulation induced by affordances.   

 

Aims of the present thesis  

Motor system’s primary role is to control body parts movement (Tomasino & Gremese, 

2016) however studies with animals (Ashe et al., 1993; Pellizzer, 1996; Carpenter et al., 1999; Wise 

& Murray, 2000) and humans applying neuroimaging (Grafton et al., 1995; Porro et al., 1996; 

Honda et al., 1998; Karni et al., 1998) and brain stimulation (Ganis et al., 2000; Tomasino et al., 

2005; 2008) techniques supported the idea that the motor cortex (M1) is involved in higher motor 

functions.  
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In a recent meta-analysis Tomasino & Gremese (2016) analyzed data from 126 

neuroimaging (PET or fMRI) experiments on healthy participants which reported M1 activation on 

different cognitive categories. Their analyses suggested that the left motor cortex, and specifically 

area 4a (the rostral part of M1), seems to be involved in different cognitive functions namely motor 

imagery, working memory, emotion/empathy and language.  

In the same vein, we applied a different method to test whether also corticospinal 

excitability is sensible to higher cognitive features and is not only influenced by the action 

parameters which characterized the observed movement such as muscle involved, kinematics and 

observer’s point of view.  

To deeper investigate this hypothesis, we used MEPs in four different experiments in which 

we tested theories and previsions by playing on instrinsic properties of the corticospinal excitability.   

In a first study we used MEPs in a neuroeconomic paradigm exploring whether the same 

observed action, characterized by exactly the same action properties in terms of kinematics, muscle 

involved and observer’s point of view, but conveying different economic outcomes within an 

economic game. We found a modulation of corticospinal excitability due to the context in which the 

action was performed, thus suggesting that the corticospinal excitability is sensible to the semantic 

meaning of an action (Iacoboni et al., 2005). 

Given the fact that MEPs are also influenced by non-motor properties of an action, it is 

possible to use them to analyse contextual and social properties in which an action is embedded. 

With this main idea on mind we applied this method to study whether the contextual frame of an 

action is able to influence corticospinal excitability. 

Specifically we used MEPs to test the veridicity of a famous economic theory, that is the 

Regulatory Focus Theory, by creating different conditions within this framework and measuring 

how they impacted on MEPs amplitude. 
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In a similar vein we investigated whether manipulating contextual cues was able to influence 

the perception of the social threat induced by an outgroup member. Specifically we measured 

whether inducing social menace through external sounds was able to elicit threat-related 

stereotypes. 

A different situation able to modulate MEPs amplitude, related to the concept of affordance 

(Gibson, 1977, 1979; Grafton et al., 1997)  is object’s location in the space. According to previous 

evidence (i.e. Cardellicchio et al., 2011) MEPs are higher when objects are placed in the near or 

reachable space as compared to the far or not reachable environment. 

We played on this intrinsic property of the motor system to investigate whether a non-motor 

and complex phenomenon, such as the experience of power, is able to modulate participants’ body 

schema and external space perception. 

  



17 
 

2. The use of MEPs in neuroeconomics 

 

2.1 Introduction 

 

"Human behaviour, in general, and presumably, therefore, also in the market place, is not 

under the constant and detailed guidance of careful and accurate hedonic calculations, but is the 

product of an unstable and irrational complex of reflex actions, impulses, instincts, habits, customs, 

fashions and hysteria." 

 

The way in which we make or should make choices is an intriguing argument which 

occupied intellectuals from many different perspectives for many centuries.  

As Jacob Viner (1925) suggested men are not rational creatures but instead our choices are 

deeply influenced by many psychological and contextual variables.  

Neuroeconomics, which is a recent but thriving branch of neuroscience, is especially 

interested in studying economic behaviours by applying methods which are commonly used in the 

field of neuroscience with the main aim to develop a more accurate and brain-based model of 

choice and decision in the economic field.  

The present line of research has the purpose to link motivational aspects of social economic 

interactions to corticospinal excitability by using a well-investigated property of HMs, that is motor 

facilitation elicited by grasping movements observation (e.g. Fadiga et al., 1995 ).  

In the first study we assessed whether corticospinal excitability can be influenced by actions 

representing economic gain and loss inserted in different game-frames. Participants were involved 

in a Dictator Game and Theft Game in which a confederate could decide to endorse or steal a 

certain amount of money to them, who played instead as passive receiver. The dictator’s decisions 
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were conveyed by a grasping action towards some tokens, previously associated to gain/fair or 

loss/unfair outcome.  

In the second study we investigated whether other contextual features, such as the 

participants intended goal framed in either a promotion or prevention context, might modulate 

corticospinal excitability, more than the fairness of the Dictator’s decisions or the outcome value 

per se. The promotion and prevention contexts were created by manipulating the type of money 

exchange involved in the task, namely consisting in sharing a gain in the promotion context and a 

loss in the prevention one 

 

2.2 Study 1: Fairness in the brain  

 

2.2.1 Background 

 

One of the main interests of neuroeconomics is studying social interactions among 

participants by using economic games.  

A classical paradigm used by behavioural economics is the Ultimatum Game (Güth et al., 

1982) in which two players (a proposer =Player 1 and a receiver =Player 2) have to bargain how to 

share a sum of money. Player 1 has to do a proposal while Player 2 could accept it, in which case 

both participants receive the money following Player 1 decision, or reject it, in which case both 

players are not receiving any money. Despite for Player 2 the more convenient choice is always to 

accept (something is better than nothing), lots of studies showed that participants refuse to take 

offers that give them the 20% or less of the sum (Camerer & Thaler, 1995; Hoffman et al., 1996; 

Henrich et al., 2006). 

Neuroimaging studies tried to investigate which brain regions are activated during these 

interactions, showing that unfair vs fair choices increased insula activity, which is typically 
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involved in negative stimuli perception and disgust, and dorsolateral prefrontal cortex, which is 

instead active during emotional cognitive top-down control and during selfish behaviour inhibition 

(Sanfey et al., 2003; Güroĝlu et al., 2010; Hollman et al., 2011; Kirk et al., 2011).  

At a physiological level, skin conductance response shows an increased arousal when 

participants receive unfair proposals and especially when they refuse them (van’t Wout et al., 

2006). 

Moreover, behavioural data suggested that participants prefer fair vs unfair decisions, and 

that they are keen to make choices which are disadvantageous for them with the aim to punish 

unfair Dictator’s choices (De Quervain et al., 2004; Brüne et al., 2012; Seymour et al., 2007). Some 

studies also tried to investigate whether economic decisions are influenced by the context in which 

they are settled, for example manipulating loss vs gain sharing frames (Zhou & Wu, 2011), 

suggesting that in loss contexts participants are more likely to refuse unfair proposals. 

Neuroimaging studies (Wu et al., 2014) showed an increase in DLPFC activation in a loss sharing 

context when the decision in highly unfair. As author suggested, this activation could be due to the 

inhibition of selfish feelings when refusing an offer at the cost of a consistent loss. 

In the present study we investigated whether the meaning an action assumes when 

performed in an interpersonal economic exchange could affect MF. 

Indeed, it is a well-known evidence that HMs is involved in action understanding and 

agent’s intentions and goals recognition (Newman-Norlund et al.,a, 2010; Fecteau et al., 2010; 

Iacoboni et al., 2005; Hesse et al., 2009). It has also been suggested that HMs is particularly 

sensible to actions taking place in social and interpersonal situations (Becchio et al., 2012; Sartori et 

al., 2012). 

 Based on this evidence, here we aim at providing a direct neurophysiological measure of 

HMs modulation by changing the reward value of an action and recording MEPs during the 
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observation of grasping actions embedded in two economic game-frameworks which imply fair and 

unfair interactions between two persons.  

Here we used two modified version of the Dictator Game (Kahneman et al., 1986; Camerer, 

2003): a Mini-Dictator Game (DG) and a Mini-Theft Game (TG).  

In the DG, in each trial the Dictator (or Player 1) is endorsed with a certain sum of money 

and may share half or none of it with the receiver (or Player 2), who can only passively accept the 

proposal. In the TG, in every trial, the two players are endorsed with the same amount of money 

and  Player 1, who in this game is named as “Theft”, has the possibility to steal or not Players 2’s 

endowment. The passive role of the payer B is what makes DG and TG different from the 

Ultimatum Game, where instead he/she can refuse Player A’s proposal. 

In our experiment, participants always played as Player 2-receivers, whereas the Dictator 

and the Theft choices were controlled by a preset pc program.  

Dictator/thief ’s choices were conveyed through a video in which Player 1’s right hand 

grasped one out of two tokens, which were previously associated with opposite reward values, 

specifically to fair or unfair decisions. Crucially in the DG, fair choices were associated with a 

sharing of the money, and determined an active modification of the initial economic equilibrium 

between the two players. The dictator indeed received an initial endowment at the beginning of each 

trial while Player 2 has no money. Conversely, dictator’s unfair choices maintained the starting 

status quo. In the TG, the pattern was reversed: fair choices (that is not stealing Player 2’s money) 

maintained the initial status quo and the unfair choices changed it (Cox et al., 2013).  

For each game we pre-established four possible type of interactions, by manipulating trials’ 

percentage of fair and unfair dictator’s choices; in this way we generated a Gain block (80% of Fair 

and 20% of Unfair choices), a Loss block (20% of Fair and 80% of unfair choices) and two Mixed 
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blocks (Mixed Block 1= 40% of Fair and 60% of Unfair choices; Mixed block 2 = 60% of Fair and 

40% of Unfair choices). 

We hypothesized that if HMs is modulated by both action meaning and social context, 

corticospinal excitability should be modified according to the different experimental frames. 

 

2.2.2 Experiment 1  

 

Material and methods  

Participants  

22 healthy students (11 male, Mage =25.6, SD = ±3.7) participated at the experiment. Only 

right-handed participants, i.e. with laterality coefficient higher than 0.5 according to the Edinburgh 

Handedness Inventory (Oldfield, 1971) and with normal or corrected to normal vision were 

recruited in the study.  

Participants completed the Adult Safety Screening Questionnaire (Keel et al., 2001) and 

gave informed written consent before to start with the experiment. We excluded participants with 

any contraindication for TMS (Rossi et al., 2009).  

The study was approved by the local Ethics Committee and was in accordance with the 

ethical standards of the revised Helsinki Declaration. 

 

TMS and EMG recordings 

TMS pulses were delivered using Magstim Rapid Transcranial Stimulator (Magstim, 

Whitland, Dyfed, UK) and a 70-mm figure-of-eight coil. The coil was positioned tangentially to the 

scalp with the handle pointing backward and at a 45° angle from the mid-sagittal axis of the 
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subject's head. This is a standard placement to induce an electric current flowing in the brain in a 

posterior–anterior direction, perpendicularly to the central sulcus, which has been suggested to be 

optimal position to elicit trans-synaptic activation of the corticospinal volleys (Brasil-Neto et al., 

1992; Mills et al., 1992).  

The coil was moved over left M1 and the hotspot, that is the point where TMS pulses 

evoked the largest MEP from FDI muscle, was marked on a Lycra swimming cap that participants 

wore during the experiment. 

We adjusted TMS intensity to establish the individual motor threshold, defined as the lowest 

intensity of the stimulator output that elicits MEPs with an amplitude of at least 50 μV in the 

contralateral FDI relaxed muscle with a 50% probability (Rossini et al., 1994). 

TMS pulses were then delivered at 110% of individual motor threshold (Loporto et al., 

2013). MEPs were recorded from the FDI muscle of the right hand using 9-mm diameter Ag–AgCl 

surface cup electrodes, with the active electrode placed on FDI muscle belly and the reference 

electrode over the metacarpo-phalangeal joint of the index finger. Responses were amplified with a 

Digitimer D360 amplifier (Digitimer Ltd, Welwyn Garden City, Hertfordshire, UK) through filters 

set at 20 Hz and 2 kHz, with a sampling rate of 5 kHz, digitized using an analog-digital converter 

(Power 1401, Cambridge Electronic Design (CED), Cambridge, UK).  

MEPs were recorded and stored on a pc using the software SIGNAL version 3.9 (Cambridge 

Electronic Devices, Cambridge, UK). 

 

Visual stimuli  

During the experiment Player’s 1 choices were shown through video clips which were 

presented on a 19-in. LCD screen at a distance of approximately 80 cm from participants' head. In 
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each video participants saw two metal tokens which differed for the symbol placed on their upper 

side (a triangle or a square) and each one had a diameter of 2 cm and a height of 1.5 cm. Tokens 

were placed in front of actors’ right and left hands. During the video four different actors (two 

males and two females) performed a grasping movement. Each grasp was a precision grip and was 

executed with the thumb and the index fingers of the right hand. Each video was shown with an 

egocentric perspective and action timings were strictly synchronized across videos: each video had 

a duration of 18.5 s and the grasping movements happened after 6 s from the video onset. 

TMS pulses were delivered at the same time with the maximum index finger–thumb 

aperture, which has been shown to be the moment in which FDI motor cortex has the maximum 

excitability for MEPs recording (Gangitano et al., 2001, 2004). 

 

Dictator and Theft Game structures 

Participants sat in front of the computer screen and were made believe they were playing 

online with other people. They were told they had to play in the role of Player 2, i.e. passive 

receivers in four mini-games and that in each game they were playing with a different participant in 

the role of Player 1, alias the dictator. This cover story was created to induce participants to believe 

they were actually playing with other people, a belief that affects participants’ reactions to the 

dictator choices (Hertwig and Ortmann, 2001). 

Each mini-game was composed of 25 trials. Each trial started with Player 1 endorsed with 

100 tokens which he/she could decide whether to share (Fair choice: 50 tokens for each player) or 

not (Unfair choice: 100 tokens for Player 1 and 0 for Player 2) with the participant.  

Participants saw Player’s 1 choices through a video in which the Player 1 right hand grasped 

one of the two tokens, each one with a symbol impressed on its top (a triangle and a square) to be 

easily recognized. Each symbol was associated at the beginning of the experimental session with 
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the two possible offer conditions (Fair vs Unfair) and remained the same until the end of the 

experiment. The association between the economic meaning and the token’s position and symbol 

was counterbalanced across participants: for half of them left token  was coupled with the fair 

choice and the right one represents the unfair one and vice versa for the other half (see Fig.1 for the 

timeline of an experimental trial). 

 

Fig. 1. Timeline of an experimental trial in the DG (from Pisoni et al., 2014). 

 

In each trial participants were asked to predict Player 1’s choice by pressing one of  two 

mouse keys with their left hand. Participants were told that their previsions would not affect Player 

1’s choices. 

Previsions could be congruent or incongruent with Player 1’s choices (Congruency factor), 

leading to four possible combinations: fair/congruent, fair/incongruent, unfair/congruent, 

unfair/incongruent. After participants made their prediction, the video with Player 1 choice started 

and TMS pulse was delivered such to record the MEP. At the end of each video the screen 

displayed how much the participant had won (50 tokens corresponded to a monetary payment of 

0.20€). As explained before (par.2.2.1), we created four different experimental blocks by 

manipulating gain and loss percentage, each one composed of 25 trials: a Gain block (80% of Fair 

and 20% of Unfair choices); a Loss block (20% of Fair and 80% of unfair choices); two Mixed 

blocks (Mixed Block 1= 40% of Fair and 60% of Unfair choices; Mixed block 2 = 60% of Fair and 



25 
 

40% of Unfair choices). The two mixed combinations were added in order to create a more 

plausible interaction style. At the end of the experimental session participants gained 2500 tokens, 

which corresponded to a payment of 10€. The order of blocks, the association between actors and 

blocks and cylinder’s economic meaning were balanced across participants.  

 

Experimental procedure  

At the beginning of the procedure the experimenter placed the electrodes on the participant 

right hand and assessed TMS hotspot and motor threshold. 

Participants were then informed about experimental procedures and they were instructed 

about the association between the cylinder and its economic meaning (fair vs unfair). At the 

beginning and at the end of the experiment two baseline sessions, each one composed of 25 MEPs, 

were recorded. In this condition participants had to watch a fixation cross at the center of the screen 

and TMS pulses were randomly delivered with an interval between 3800-4000 ms. 

The first baseline was followed by the four blocks of the game, each one corresponding to a 

different experimental condition (Gain, Loss, Mixed block 1 and Mixed block 2). At the end of the 

experiment participants were debriefed and received their payment.  

 

Preliminary analysis 

EMG signal was processed offline. MEPs smaller than 50 μV, trials with EMG activity 

greater than 100 μV in the 100 ms before TMS pulse and outliers (trials with ±2 SD from the 

subject's mean value) were excluded from subsequent analysis.  
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Mean value missing MEPs (2.6% of cases) were replaced by using linear trend at point 

method in SPSS version 20 (Rinaldi et al., 2006; Vercoulen et al., 1994). 

MEPs baseline was calculated by averaging the first and second baseline sessions and a 

single Mixed block value was derived averaging Mix 1 and Mix 2 blocks. We were able to collapse 

baseline and Mixed conditions because differences between baseline 1 and 2 and between Mix 

block 1 and 2 did not significantly differ at Wilcoxon test (Z= -.58; p=.57; Z= -.89; p=.37, 

respectively).  

In each block (3 levels: Gain, Loss, Mix) an individual mean value for each condition 

(Fair/Congruent, Fair/Incongruent, Unfair/Congruent, Unfair/Incongruent) was derived by 

averaging the peak-to-peak amplitude of MEPs and a ratio between individual mean values and the 

individual baseline was calculated and transformed in z-scores. 

   

 

Results  

First, baseline MEPs were compared with MEPs in the other experimental conditions, in this 

way we were able to assess the presence of a motor facilitation effect due to grasping observation 

(Wilcoxon test Z = 2.68; p = .007).  

A repeated measures ANOVA was then run on MEP z-scores, with three within subjects 

independent variables Block (3 levels: Gain, Loss and Mixed), Fairness (2 levels: Fair vs Unfair) 

and Congruency (2 levels: Congruent vs Incongruent).   

The main effect of Block was significant [F(2,42) = 4.39; p = .019], MEPs were higher in 

the Loss compared to the Gain block (MEP z-scores .11 vs −.19 respectively).  
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The main effects of both Fairness [F(1,21) = .013; p = .91] and Congruency [F(1,21) = 2.88; 

p = .104] were not significant.  

The interaction between Block and Fairness was significant [F(2,42) = 3.73; p = .032]. Post-

hoc analyses highlight that MEPs amplitude was higher for Fair choices in the Loss compared to 

Gain (z-scores .22 vs −.27 respectively; p<.001) and Mixed (z-score −.10; p = .039) blocks. No 

other interaction reached significance (see Fig.2 for DG results). 

 

 

Fig. 2. MEP Z-scores for fair and unfair trials in the Gain, Loss and Mixed DGs. Error bars represent +/-1 

MSE. Asterisks indicate significant differences at p b .05.Non z-transformed MEPs values are provided in 

the supplementary material section. 

 

 In order to rule out the presence of a similar pattern in FDI pre-contraction we ran the same 

analysis on the 100 ms pre-TMS EMG activity. These analyses did not show main effects or 
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significant interactions (the crucial interaction between Block and Fairness was not significant 

[F(1.38, 28.95) = .67; p = .52). 

We were further interested in testing whether participants were able to learn Dictator style, 

by correctly predicting his moves in each context-frame of the game (Gain, Loss, Mixed). In order 

to do so we divided each block it in three parts: T1 (trials 1–8), T2 (trials 9–17), T3 (trials 18–25). 

We than computed a Fair percentage, that is how many times participants predicted a fair choice, in 

each part of the block.  

A repeated measure ANOVA with two independent within subject variables Block (3 levels: 

Gain, Loss, Mixed) and Time (3 levels: T1, T2, T3) was run on the arc sine square root 

transformation of the mean number of Fair predictions; Greenhouse Geisser correction was applied 

when sphericity assumption was violated. 

The main effects of Block and Time were not significant (F(1.33, 27.94) = .997; p = .35 and 

F(2, 42) = .50; p = .61, respectively). However the interaction between the two variables was 

significant [F(4,84) = 10.85; p<.001, n² = .34]. 

Post-hoc showed that in the Gain block Fair predictions linearly increased at T2 (58.08%, p 

= .009) and T3 (65.78%, p<.0001) compared to T1 (41.4%). In the Loss block the reverse pattern 

was observable, with Fair predictions decreasing from T1 (60.55%) to T3 (48.61%, p = .039). 

Crucially in the Mixed condition no difference at the three time points was highlighted (all 

ps <.9). 

Moreover, at T1 Fair prediction percentage was higher in the Loss compared to the Gain 

block (p<.001), while in part 3 Fair predictions were more in the Gain compared to Loss (p = .002) 

and Mixed (p = .017) conditions (see Fig.3 for results). 
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Fig. 3. Participants' percentage of “Fair” predictions over time for the three experimental conditions in the 

DG. Error bars represent ±/-1 MSE. 

 

We then analyzed how MEPs amplitude changed over time by performing a repeated 

measure ANOVA with three within subjects independent variables: Block (3 levels: Gain, Loss and 

Mixed), Fairness (2 levels: Fair vs Unfair) and Time (3 levels: T1, trials 1–8; T2, trials 9–17; T3, 

trials 18–25). The main effect of Time [F(2,42) = 3.46; p = .041] was significant: MEPs amplitude 

was higher in T1 compared to T3 (p = .045) but the interaction of Time with the other variables was 

not significant (Block * Time [F(4,84) = .62; p = .65], the Block ∗ Fairness [F(4,84) = .63, p = .64]) 

and only the trend Time * Fairness approached significance [F(2,42) = 3.1, p = .059]. 

 

Experiment 1 discussion 

In line with previous evidence our results confirmed that observing grasping movements 

induces corticospinal facilitation compared to a baseline condition (e.g. Tomeo et al., 2013; Sartori 
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et al., 2011; Hogeveen & Obhi, 2012; Sartori & Castiello, 2013; Sartori et al., 2013a; Sartori et al., 

2012; see Naish et al., 2014 for a review): indeed MEPs were higher in the four experimental blocks 

compared to the baseline in which participants had simply to fixate a cross condition. 

The main effect of block and the significant interaction between block and fairness highlight 

the possibility that action meaning, namely fair vs unfair choices, modulated corticospinal 

excitability during economic interactions. MEPs were higher in the Loss condition compared to the 

other ones, however the interaction between block and fairness suggested that only fair proposals 

elicited higher MEPs in this block compared to Mixed and Gain ones. This result rules out a main 

effect of loss which could had been driven by the plausible negative emotional reactions, as 

foreseen by Loss Aversion Bias (Kahneman et al., 1991). 

Crucially, unfair proposals did not affect corticospinal excitability in the Gain block 

compared to the other conditions, thus allowing us to exclude that stimuli rareness could explain 

MEPs amplitude. 

We were also interested in investigating whether participants’ expectations could influence 

corticospinal excitability. The main effect of congruency was not significant, however different 

studies suggest that during learning processes responses to surprising events engage more 

attentional resources to be processed compared to the expected ones, thus inducing participants to 

learn faster, as predicted by the Pearce-Hall unsigned prediction error (Courville et al., 2006; 

Hayden et al., 2011; Kaye & Pearce, 1984; Swan & Pearce, 1988).We can’t entirely exclude that 

Pearce-Hall error affected our data: in the Loss condition MEPs were higher with unusual stimuli 

presentation. To test this possibility in a deeper way we first analyzed whether participants were 

able to learn the player style in each block and how fast. 

Analyses showed that participants could easily learn block status: at T2 fair prediction 

increased in the Gain block and at T3 they decreased in the Loss one. 
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Secondly we tested whether block style learning could affect MEP amplitude: if that was 

true MEPs were expected to be higher while participants were learning and to be lower when the 

learning was completed/no learning was taking place. Our data actually followed this prevision, 

even though MEPs amplitude reduction could be also explained by a general arousal decrement in 

each block (De Gennaro et al., 2007; Sale et al., 2007). It has to be said, however, that not all our 

results were explainable by this Pearce Hall error: not all surprisingly events affected corticospinal 

excitability, for example unfair trials in the Gain block did not elicit higher MEPs.  

Notably, in the game fair choices were the consequence of Player 1 active decision to 

modify the status quo, that is changing the situation at the moment of money endorsement at the 

beginning of each trial, when Player 1 owned 100 tokens and Player 2 owned 0, in a new condition 

in which both participants owned 50 tokens. At the contrary, unfair decisions did not to change this 

balance. A well-known phenomenon in decision making and economic theory suggests the 

existence of a status quo bias (Connolly & Zeelenberg, 2002; Kahneman et al.,1991; Samuelson & 

Zeckhauser, 1988), according to which decisions affecting the initial status quo are considered by 

participants less justifiable and less normal respect to decisions that maintain it. In the same vein, 

fair and unfair decisions altering the status quo are perceived as better or worse compared to actions 

that result from a lack of change in the initial situation (Baron & Ritov, 1994; Cox et al., 2013; 

Ritov & Baron, 1992, 1995).  

In our experiment, higher MEPs were elicited by an active Dictator’s choice changing 

receiver’s status quo as defined at the beginning of the interaction, namely fair choices in the Loss 

block, which changed the initial endowment. Moreover, in our experiment the Loss block had the 

stronger status quo definition, since the status of “no endowment” was maintained in the 80% of the 

trials. 

We then hypothesized that rather than a modulation induced by gain/loss or 

fairness/unfairness per se, MEPs modulation could be influenced by an active status quo change. To 
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test this hypothesis we ran a second experiment, which mirrored the first one. In experiment 1 

dicator choices changing the maximal satus quo settled in the loss block were fair ones. In order to 

disentangle the choice valence (fair and unfair) from status quo maintenance vs modification, we 

implemented a change in the game settings such to achieve also the opposite association (unfair 

choices which change the status quo). 

 

2.2.3 Experiment 2 

 

In the second experiment the Dictator was replaced by a Thief, whose moves were 

controlled by a pc program as in the first experiment; as in experiment 1 our participants always 

played as Player 2, alias passive receivers. 

At the beginning of each trial both players were endorsed with 50 tokens and the Thief could 

decide to steal (active unfair – loss condition) or not (fair omission which maintain status quo – no 

loss) Player 2’s sum. Notably, respect to the previous experiment the combination of fair/unfair 

action/omission was reversed. This allowed us to investigate whether our hypothesis about status 

quo modification as main factor affecting MEPs amplitude was correct. If this was the case, we 

expected to find higher corticospinal excitability when the active/unfair choice, that is steal 

participant’s money, was taken in the Gain block, the one in which the status quo was stronger 

(Player’s 2 “endowment” maintained in the 80% of trials). 

 

Materials and methods  

Participants  
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22 healthy students ( 8 males, Mage =25.4, SD = ±2.5) participated at the experiment. None 

of these participants took part to Experiment 1. They were right-handed and the same exclusion 

criteria and recruitment procedures of Experiment 1 were applied. 

 

Theft Game structure  

As in Experiment 1 participants were told they were playing online as player 2 with four 

other participants, who received the role of player 1, alias, thieves. We used the same visual stimuli 

than Experiment 1. 

Each trial started with an endorsement of 50 tokens for both players and the thief could 

decide to steal (unfair/active choice: 100 tokens for Player 1, 0 for Player 2) or not (fair omission 

which maintain status quo: 50 tokens for Player 1, 50 tokens for Player 2). 

Thief’s choices were expressed by showing participants the same video of Experiment 1 and 

also in this case choice meaning was explained at the beginning of the experiment. 

We used the same TMS-EMG protocol and experimental Block design to Experiment 1.  

As in Experiment 1 we created four different game contexts, a Gain block (80% of Fair and 

20% of Unfair choices), a Loss block (20% of Fair and 80% of Unfair choices) and two Mixed 

blocks (Mixed block 1= 40% of Fair and 60% of Unfair choices; Mixed block 2= 60% of Fair and 

40% of Unfair choices). We then balanced across participants actors, blocks and choice meaning- 

symbols coupling as for Experiment 1. 

Participants were instructed that 50 tokens corresponded to 0.20€ and as for Experiment 

1,;our procedure allowed a payment of 10€ for each subject.  
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Preliminary analyses  

We performed the same analysis procedure than Experiment 1; missing  mean MEP values 

in this case were the 3.4% of the total and were replaced with the same method of Exp 1. 

  

Results  

Wilcoxon test highlighted that the two baseline conditions were not different (Z = −.89; p = 

.37) and the same was true for Mixed block 1 and 2 (Z = −.54; p = .59), hence, as in Experiment 1, 

we then collapsed these variables in a baseline and a Mixed condition. 

Also in this case Wilcoxon test performed on the experimental conditions vs baseline was 

significant (Z = 2.65; p = .008), thus confirming the motor facilitation induced by grasping 

movements sight (.67 vs .49 mV) 

As in Experiment 1 we ran a repeated measure ANOVA with three independent within 

subject variables: Block (3 levels: Gain, Loss and Mixed), Fairness (2 levels: Fair vs Unfair) and 

Congruency (2 levels: Congruent vs Incongruent). 

The main effects of Block [F(2,42) = 0.4; p = .67], Fairness [F(1,21) = .1.31; p = .26] and 

Congruency [F(1,21) = .014; p = .90] were not significant, while two significant interactions were 

found between Block and Fairness [F(2,42) = 7.17; p = .002] and between Block and Congruency 

[F(2,42) = 3.43; p = .04]. In the interaction between Block and Fairness post-hoc analyses revealed 

higher MEPs in the Gain block when Player 1 choices were Unfair compared to Fair (z-scores .18 

vs −.19 respectively; p = .007) and for Unfair proposals in Gain block compared to Loss one block 

(z-scores .18 vs −.17; p = .013). Other interactions did not reach significance (see Fig.4 for results).  
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Fig. 4. MEP Z-scores for fair and unfair trials in the Gain, Loss and Mixed TGs. Error bars represent ±/-1 

MSE. Asterisks indicate significant differences at p b .05. Non z-transformed MEPs values are provided in 

the supplementary material section. 

The same ANOVA run on pre TMS-EMG muscle activity did not evidence significant main 

effects or interactions (all ps >.18). Crucially, the interaction between Block and Fairness was not 

significant [F(2,40) = .018; p = .98].  

The analyses on participants’ previsions revealed that the main effect of Time was not 

significant [F(2,40) = 2.7, p = .08; n2 = .12], whereas the main effect of Block [F(1.27,25.34) = 

8.39, p = .005; n2 = .29] and the interaction between Block and Time [F(2.55, 51.11) = 6, p b .001; 

n2 = .23] were significant: participants expected a greater occurrence of Fair choices more often in 

the Gain (64%) vs Loss conditions (46.3%, p <.001) and post-hoc comparisons revealed that this 

effect increased with Time, being lower at T1 (52.27%) compared to T2 (65.61%; p = .043) and T3 

(74.15%; p <.001).  
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In the Loss block, however, no differences were traceable at the three different Time: at T1 

participants predicted Fair choices in the 50.74% of trials, while at T3 the percentage of Fair 

previsions were 43.01% (p=.8) and the same was true for Mixed condition, in this latter case 

replicating Experiment 1 findings (all ps >.9). 

Moreover, at T1 the three blocks did not differ (all ps <.9), while at T2 participants predicted 

more Fair proposals in the Gain (65.6%) compared to the Loss block (45.18%, p < .001) and at T3 

Fair predictions were more frequent in Gain (74.15%) compared to Loss (43.01%; p <.001) and 

Mixed (56.56%; p = .004) blocks (see Fig. 5 for results of the fair predictions). 

  

Fig. 5. Participants' percentage of Fair predictions over time for the three experimental conditions in the TG. Error bars 

represent +/-1 MSE. 

 

As in Experiment 1 we analyzed MEPs amplitude changing over time. The main effect of 

Time was significant [F(2,40) = 7.67; p = .002]: MEPs recorded during T1 were higher compared to 

the one recorded during T2 (p = .023) T3 (p= .001). Also the three way interaction Block by Time 
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by Fairness was significant [F(4,80) = 2.84; p = .031]: post-hoc analysis showed that at T1 MEPs 

were higher for Unfair trials in the Gain block compared to Fair ones in the same block (p <.001) 

and to Unfair choices in the Loss one; moreover in the Gain block MEPs were lower for Unfair 

choices at T3 compared to T1 (see Fig.6 for results).  

  

Fig.6. MEP modulation for congruent and incongruent trials over the Blocks in the TG. Error bars represent +/-1 MSE. 

 

 

2.2.4 General discussion  

 

We ran a set of two experiments with the aim to of testing whether fair and unfair social 

interactions taking place in economic games are able to influence motor corticospinal excitability.  

In both experiments our findings confirm the presence of a motor facilitation effect induced 

by observing grasping movements (Clark et al., 2004; Fadiga et al., 1995; Gangitano et al., 2004; 

Maeda et al., 2002; see Fadiga et al., 2005 for reviewsee Naish et al., 2014 for a recent review): 
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indeed, MEPs were higher while participants were watching video compared to the baseline – rest 

condition. 

In both experiments we manipulated the framework in which the interaction was taking 

place. The role of environment and social context in which an action takes place is essential to 

understand action meaning: indeed fMRI studies suggest that HMs can be modulated in a different 

way by a same action inserted in different contexts (Iacoboni et al., 2005; Kaplan and Iacoboni, 

2006) and it seems to be particularly involved in actions with a certain social relevance (Oberman et 

al., 2007). 

In both our experiments motor excitability was not influenced by action meaning (fair vs 

unfair) per se, indeed the main effect of fairness was not significant. Instead, we did find a 

significant interaction between Block and Fairness, suggesting that the framework in which an 

action took place (in our experiment Player’s 1 interaction style) affected the specific valence 

assigned to the same action. 

In the two games, namely the Dictator and Theft game, fair and unfair choices were 

oppositely coupled with a change/maintenance of the initial endowement of the trial, which can be 

considered as the status quo. Indeed, in the Dictator game, dictator’s fair choices represented a gain, 

changing the status quo, whereas they were a no-loss, hence maintaining the status quo, in the Thief 

game; conversely, unfair choices were associated with a no-gain in the Dictator, maintaining the 

status quo, whereas conveyed a loss, changing the status quo, in the Thief game. These differences 

affected corticospinal excitability: in the Dictator game, during Loss blocks in which fair trials were 

the 20% of the total, fair choices elicited higher MEPs than the same action taking place in the Gain 

block, in which they represented the 80% of the total, and in Mixed blocks, in which fair and unfair 

choices were balanced. 
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At the opposite, in the Thief game, MEPs were significantly higher for Unfair choices 

compared to the fair ones in the Gain block and compared to Unfair trials in the Loss block. In 

Mixed blocks no differences were traceable in corticospinal excitability.  

Thereby, the game frame manipulation changed participants’ point of view and reactions to 

fair and unfair proposals even if the purely economic outcome of the two choices was absolutely 

identical in the two games (+50 tokens for fair trials and −50 tokens for unfair ones). This is a well-

known effect in behavioural economics studies, which suggested that the evaluation of loss and gain 

during a choice is not based on absolute values but rather depends on subjective point of view and 

contexts in which the action takes place (Tversky & Kahneman, 1985).  

Two alternative possible explanations could be that MEPs amplitude in our experiment was 

due to the frequency of the events or to participants’ prediction errors, however both these 

hypotheses can’t account for all our results. 

In both games participants were able to learn Player’s 1 style as assessed by analyzing their 

predictions over time and their MEPs amplitude was higher at the beginning of each block, 

suggesting that unexpected events could increase MEPs size. This explanation however is not able 

to describe the interaction between Block and Fairness on this variable. In both games Loss and 

Gain blocks had the same percentage of infrequent events, but only trials which actually changed 

the status quo showed higher MEPs. 

Taken together, our findings could be explained by a difference in individual’s status quo 

perception, specific for each game.  

Crucially, corticospinal modulation was higher in the two blocks in which status quo 

changes were more salient, namely the Loss block in the Dictator game and the Gain block in the 

Thief game (Cox et al., 2013; Ritov & Baron, 1995; Samuelson & Zeckhauser, 1988). 
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Different research in experimental and ecological settings suggest the existence of a “status 

quo bias” defined as a decision-making tendency of having stronger preference for options which 

doesn’t change the initial condition (Connolly & Zeelenberg, 2002; Kahneman & Miller, 1986). 

Actions that imply the maintenance of the status quo are selected more frequently (Samuelson & 

Zeckhauser, 1988) and when an unfair choice, such as not helping someone, is the product of an 

active action vs an omission (this latter not changing the status quo) it is considered more negatively 

(Baron & Ritov, 1994; Ritov & Baron, 1992, 1995).  

This bias is evident also in economic games, as previously shown by Cox and colleagues 

(2013). In their experiments participants were more keen to reward the Dictator when he executed 

Fair active choices compared to when fair choices were the product of an omission (these two 

scenarios are similar to our experiment 1 and 2, respectively). In a similar vein, when unfair choices 

came from active choices participants were more keen to punish the Dictator compared to when 

they were the end of an omission. 

In our experiment we found a neurophysiological marker of the status quo bias: specifically, 

motor excitability was higher when fair behaviours were the product of an active choice contrary to 

the most frequent condition (Loss block/Experiment 1) and in the specular condition, i.e. when 

unfair choices came from active actions that interrupted the initial and most frequent pattern (Gain 

block/Experiment 2).  

The modulation in corticospinal excitability can also depend on the emotional effect that 

Dictator choices elicit in our participants. Borgomaneri et al. (2013) showed for example that an 

increasing in MEPs amplitude followed the presentation of pictures with an emotional valence 

(positive and negative) vs neutral ones, thus suggesting a link between emotion perception and the 

motor system. 
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Neuroimaging studies suggested a strict link between emotional state and the status quo 

bias, highlighting stronger activity in left and right insula and medial prefrontal cortex after 

modification in the status quo (Nicolle et al., 2011) and for right inferior frontal gyrus and bilateral 

sub-thalamic nucleus (Fleming et al., 2010).  

Consistent with these findings, our results showed that cortical excitability is linked to the 

emotions elicited by social interactions and in changes of the baseline relational balance in a 

specific context-way. A possible speculation about this effect is that an increase in excitability after 

status quo modification might indicate a change in the normal equilibrium between partners which 

may be potentially dangerous or vice versa convenient for the participant, thus preparing the motor 

system to respond in the most suitable way.  

A possible limit of the present experiment is that we did not investigate participant’s belief 

of being involved in an interaction with a real person. However, interaction with computer usually 

led to similar but attenuated responses both at the behavioural that at the neurophysiological levels 

as compared to human interactions (Rilling et al., 2004). 

To conclude, in the present study we investigated whether action meaning, defined as 

economically fair or unfair choices, and context, defined from different dictator interaction styles, 

may modulate corticospinal excitability. Economic interactions can elicit positive or negative 

emotions depending on the context in which they occur and imply different moral evaluation and 

reactions influenced by the fact that an action could be the result of an active choice or a passive 

omission. 

Taken together our findings suggest that economic choices differently modulate 

corticospinal excitability depending on the social context in which an action take place (Loss vs 

Gain frame) and the action meaning (fair vs unfair). Since motor facilitation is considered to be 
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mediated by the HMs, the present result suggested that this system could be influenced by action 

meaning and could be a potential neurophysiological marker of the status quo bias.  

In the present study in each game the amount of tokens (and money) that participants could 

gain or lose was fixed and did not change during the experiment. Indeed, Player 1 could choose to 

share (Experiment 1) or steal (Experiment 2) always 50 tokens. 

We then wondered if the amount of the gain or the loss could influence motor excitability. 

To deeper investigate this hypothesis we created a second study, in which gain and loss frame were 

randomly presented to our experimental subjects during the same interaction. In this second study 

Player 1 could share a gain or a loss with our participants in three different sharing options: an equal 

one, one convenient to him and one favorable for our experimental subjects. 

Many influent models in the field of behavioural economics (Tversky &Kahneman, 1991; 

Kahneman et al., 1986; Kahneman & Tversky, 1979; Thaler & Johnson, 1990; Higgins, 1997 )  

indeed suggest that people react to gain and losses differently, according to several factors, among 

which their goal attainment perspective. Since corticospinal modulation, signaling HMs system 

activity in action understanding, was proved to be congruent with the predictions of status quo bias, 

we wondered whether it could follow also the previsions made by another influent model 

accounting for people reaction to gain and losses, such as Regulatory Focus Theory. 

 

2.3 Second study: Regulatory focus theory  

 

In the present study we investigated whether corticospinal excitability can be modulated by 

the goal attainment perspective of who is observing the action. People’s economic goals have been 

defined in a different way by different theories. 
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Prospect Theory, for example, suggests that people perceive and treat losses and gains 

differently (Tversky &Kahneman, 1991; Kahneman et al., 1986; Kahneman & Tversky, 1979; 

Thaler & Johnson, 1990). Also known as “loss-aversion” theory, it highlights that people usually 

act in order to avoid potential losses rather than equivalent gains (Tversky & Kahneman, 1991).  

Regulatory Focus Theory (Higgins, 1997; RFT), instead, posits that individuals actively 

follow a goal-attainment perspective, aiming to achieve the maximum advantage in the gain 

domains (promotion) and avoiding the maximum cost in the loss domain (prevention) (see e.g. 

Higgins, 1997; Idson et al., 2000; Higgins, 1998).  

If the Regulatory Focus Theory is more appropriate to describe people behaviour, people 

should react differently to losses and gain between promotion and prevention context. Building on 

the results of study 1, suggesting the availability  of a neurophysiological signature, such as 

corticospinal modulations indexed by MEPs, to tap people’s way to perceive action conveying gain 

and losses, we decided to use a similar apparatus (observation of grasping action and MEP 

recordings) to investigate the appropriateness of Regulatory Focus Theory predictions, by 

measuring whether different conditions whithin this framework are able to influence MEP 

amplitude. 

Specifically, we predicted deviations from goal attainment to influence motor excitability: 

that is failing to achieve the maximum gain in a promotion context or obtain the maximum loss in a 

prevention context. 

To test this hypothesis, we used a modified version of the Dictator Game (Kahneman et al., 

1986), which we called the Share Game, and manipulated the motivational context in which a same 

action (that is taking a token as in study 1) was inserted. Previous studies suggested that the 

regulatory focus system can be triggered by specific tasks and stimuli (e.g. Higgins et al., 1994). 

Specifically, a Loss frame usually activates a prevention focus whereas a Gain frame activates a 
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promotion one (Shah et al, 1998). Accordingly, in our paradigm prevention and promotion contexts 

were induced by Dictator’s proposals to share a gain or a loss of 50 tokens (equivalent to 1,25€): 

promotion contexts were elicited when the dictator was sharing a gain, whereas prevention contexts 

were induced by dictator sharing a loss. 

Each trial the pc program randomly assigned a gain or a loss condition of a sum (50 tokens), 

shared with our participants. There were three different options for sharing either the gain or the 

loss of 50 tokens. Specifically, in case of a gain condition, the dictator could decide to share the 

won 50 tokens giving to the other participant: 10 (Dictator’s gain: 40), 25 (equal sharing of gain 

the) or 40 tokens (Dictator gains only 10). Similarly, in the case of sharing a loss, the dictator could 

make the participant to lose either 10, 25, or 40 tokens corresponding for the dictator to a loss of 40, 

25 or 10 tokens, respectively. During the experiment our participants passively observed dictator’s 

choices. On the basis of RTF theory, our prediction was that MEPs would be modulated depending 

on participants’ goals settled by the contextual frame, namely achieving the maximum gain in the 

promotion context (preferred option: 40 tokens in gain sharing) and avoiding the greatest loss in the 

prevention context (preferred option 10 tokens in the loss sharing). On the contrary we did not 

expect that equal sharing would produce any modulation in MEPs amplitude. 

 

2.3.1 Material and methods  

 

Participants  

24 healthy students (11 males, Mage = 23.3, SD ± 1.9) participated at the experiment. Only 

right-handed participants according to the Edinburgh Handedness Inventory, i.e. with a laterality 

coefficient higher that 0.5 (Oldfield, 1971) and with normal or corrected to normal vision were 

accepted in the study.  
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Participants completed the Adult Safety Screening Questionnaire (Keel et al., 2001) and 

gave informed written consent before to start with the experiment. We excluded participants with 

any contraindication for TMS (Rossi et al., 2009).  

The study was approved by the local Ethics Committee and was in accordance with the 

ethical standards of the revised Helsinki Declaration. 

 

TMS and EMG Recordings 

We used the same Study 1 procedure for TMS and EMG recordings. In the present study 

however we used an Eximia TMS stimulator (Nexstim™, Helsinki, Finland) and responses were 

amplified and recorded using eXimia EMG (Nexstim™, Helsinki, Finland) amplifier, filtered with a 

band pass of 10 – 500 HZ and digitized at a sampling rate of 3 KHz. 

The NSB Nextim neuronavigation system was used to monitor the coil-position during the 

experiment thus preventing any change in stimulation site due to small movements of participant’s 

head during data collection (Sartori et al., 2013).   

TMS pulses were delivered using Eximia TMS stimulator (Nexstim™, Helsinki, Finland) 

using a focal bi-pulse figure-of-eight 70-mm coil. The coil was placed in the standard optima 

position to optimize MEPs induction, exactly as in Study 1 and 2. 

We assessed the participant rMT, set the TMS intensity, and placed the recording electrodes 

to target FDI following exactly the same procedure described in in study 1 and 2. 

 

Share Game Structure 
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In our experiment we modified the Dictator Game and called our experimental paradigm 

Share game.  

At the beginning of each trial the pc program could randomly assign a gain or a loss of 50 

tokens and the decision was showed to the participant through the sign on the  screen “+50” or “-

50”, respectively. Noteworthy, this sign anticipated to participants if they were going to share a gain 

or a loss, thus eliciting two different game-frames: the loss frame elicited a prevention context, 

whereas the gain frame elicited a promotion context. 

Also Share game entailed two different players: Player A, that is the dictator or the active 

player, and Player B, that is the passive player.  

When pc choice was +50 tokens, which elicited a promotion context, Player A could decide 

how to share this sum among three different options (+40/+10, +25/+25 and +10/+40, where the 

first number indicated Player A part of the sum and the second number indicated Player B part of 

the sharing). 

When pc choice was -50 tokens, which elicited a prevention context, Player A could decide 

how to share the loss among three different options (-40/-10, -25/-25 and -10/-40, and also in this 

case the first number indicated Player A tokens to be taken and the second number indicated Player 

B loss). 

In the gain sharing condition, corresponding to the promotion context, Player B could then 

face three levels of goal attainment according to the corresponding sharing option chosen by Player 

A: no (+40/+10), medium (+25/+25) and maximum (+10/+40) goal attainment, since participant’s 

aim was to reach the maximum gain. In the loss condition, which elicited a prevention context, the 

three conditions of goal attainment were oppositely distributed: no (-10/-40), medium (-25/-25) and 

maximum (-40/-10) goal attainment, since in this frame participants meant to avoid the maximal 

loss.  
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Experimental Design and Procedure 

Our experimental procedure was composed of three different parts. 

 

Phase 1: Social Value Orientation measurement 

In the first phase participants played a brief attentional dummy task on a computer screen. 

The task served to give participants an economical reward which corresponded to their initial 

monetary endowment in the Share game. In this task they were asked to discriminate the orientation 

of a T letter in a circular array of L and all participants at the end received a fixed amount of 500 

tokens for their performance. 

Secondly, in this phase we asked participants to complete a Social Value Orientation (SVO) 

Slider Measure (Murphy et al., 2011), a questionnaire useful to measure prosociality in our 

participants. Recent studies have shown that people reactions to other player’s choices are affected 

by the concern people have for others, that is prosociality (Bieleke et al., 2016; on prosocial 

behaviour in economic games, see also Camerer, 2003). 

SVO was calculated from a series of choices made during several dictator games in which 

our participants acted the part of the Player 1-Dictator and had to share a certain amount of tokens 

with another player. 

Participants’ decisions led to different possible scores at SVO: perfect altruism, that is 

maximizing the other participant payoff; individualism, that is maximizing his/her payoff; 

competitiveness, that is minimizing the differences between the two payoffs or maximizing both 

gains. 
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Phase 2: Share Game as Player A 

The second phase had the aim to assess the economic goal of participants within the context 

of the Share game, thus we asked participants to perform the Share game in the role of Player A 

with other five dummy participants playing as Player B. 

Participants were told they were playing via internet with other participants located in  

another experimental room.  

The Share game was composed of 20 trials (10 in a loss frame and 10 in a gain frame, 

presented in a random order); in this way participants were playing four times with each of the five 

players B, without knowing which player B s/he was playing with. All participants started phase 2 

with the 500 tokens earned in Phase 1.  

 

Phase 3: Share Game as player B 

In the third phase our participants performed the Share game as Player B, namely they could 

only passively accept Player A decisions. In this phase subjects were playing with other 5 dummy 

Players A for 150 trials, 30 trials with each one. Participants started this phase of the interaction 

with the amount of token won at the end of Phase 2. 

As in the previous studies, participants expectations on the incoming condition of gain or 

share loss were collected.  

Player A’s decisions were showed through a video in which an actor’s right hand reached 

and grasped the token that represented the option chose by Player A. TMS was synchronized with 
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the grasping action and a pulse was delivered to participant’s left M1 at the moment of the 

maximum amplitude of grasping movement, eliciting a MEP in FDI muscle. 

At the end of each trial a screen reported how many tokens were won or lost by Player B and 

the total sum owned by player B was updated and showed at the end of each trial. In order to 

maintain participants focused on the task, in 30% of the trials we asked participants to report Player 

A’s decisions and participants’ verbal answers were recorded by the experimenter.  

Each share option (+10/+40, +25/+25, +40/+10, -10/-40, -25/-25, -40/-10) was randomly 

presented 25 times, so that participants ended the game with the same endowment they had at the 

beginning. Specifically, at the end of the experiment participants received 0.025 € for each token 

they earned during the experimental phase and the average payoff was 19.6 €.  

  

Visual Stimuli 

We recorded a set of video clips which were presented on a 19-in. LCD screen that was 

placed approximately 80 cm from participants’ head. In each video an actor’s right hand grasped 

one of six metal tokens (diameter 2 cm; height 1.5 cm) which were horizontally placed on a table at 

57 cm from his hand’s position at the beginning of the video. The grasping movement was showed 

in an egocentric view, that has been suggested as the best perspective to elicit motor facilitation 

(Maeda et al., 2002). 

Each token had impressed on its top one of the possible share options with three tokens 

representing the three gain conditions (40/10; 25/25; 10/40) and three representing the three loss 

conditions (-40/-10; -25/-25; -10/-40). The first number impressed on the token represented the 

amount won or loss by Player A and the second number the of Player B. 
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The 6 tokens were aligned in a row, centered to the midline of the table.  In this way three 

tokens representing a loss were on a side of the table respect to the midline and the three 

representing a gain were on the other side (see Figure 7 for the timeline of an experimental trial).  

 

Fig 7: Timeline of an experimental trial in the Share Game (Phase 3). 

 

The side of gains and losses was counterbalanced across participants. This procedure was 

made to create a clear association between promotion/prevention contexts and the side of the table: 

as the video started, the direction of the grasping movement to left or right side immediately 

indicated the choice’s context. The order of the three options within loss and gain conditions was 

balanced across participants. 

 

Control Experiment 

Data from 10 additional participants (6 males, mean age = 23.9 years, SD = 1.6 years) were 

collected following exactly the same procedure of the main study. Our control experiment had the 
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double aims to verify whether i) our results were muscle-specific and ii) to check whether MEP 

modulation registered during the economic interaction represented an inhibition or a facilitation 

respect to the simple view of the same action but without any economic association. 

We addressed to the first question recording MEPs from both FDI and from the right ADM, 

which is not involved in the precision grasping movements showed in the video. MEPs from FDI 

and ADM were simultaneously recorded with the coil positioned over the FDI hotspot. 

To investigate the second question we collected two baseline measurements, each one made 

of 30 trials, before the beginning of the experimental phase. During baseline recordings, participants 

watched the same video showed in the experimental phase, in which the hand grasped one out of six 

metal cylinders, but without the sharing options impressed on them. 

In this session, the coil was positioned over the FDI hotspot following the previously 

described procedure. For ADM recording, the active electrode was placed over the muscle belly and 

the reference electrode over the metacarpo-phalangeal joint of the right pinky finger. 

 

MEPs preprocessing  

MEPs collected in Phase 3 were recorded and off-line processed. Trials with 

electromyographic activity prior to TMS pulses were removed from subsequent analyses (Avenanti 

et al., 2006; Catmur et al., 2011). We measured MEPs amplitude peak-to-peak and for each 

participant and each condition trials in which the amplitude exceeded ±2 SD were removed from 

subsequent analyses. At the end of this procedure the 12% of main experiment trials and the 6.5% 

of control experiment trials were removed). Remaining MEPs were logarithmically normalized. 

Conditions did not differ in the number of discarded trials (p=0.947). 

 



52 
 

Statistical analyses 

Statistical analyses were performed in the statistical programming environment R (R 

Development Core Team, 2014). 

First we wanted to analyze participants’ choices in Phase 2, in which our participant acted as 

Player A or dictator. A Poisson regression was run with Number of choices per condition as 

dependent variable and Sharing option (6 levels: gain +10, +25 or +40 and loss -10, -25 or -40 

tokens) as independent variable. 

Secondly, we applied linear mixed effects models (Baayen et al., 2008) over logarithmic 

transformed MEPs recorded in Phase 3, with participants acting as Player B. This procedure 

allowed us to account for inter-subject variability by adding a by-subject random slope (see Baayen 

et al., 2008). As MEPs are a continuous dependent variable, the “lme4” R package (version 1.1-5, 

Bates et al., 2014) was used to run a series of mixed effect regressions. 

Fixed effects inclusion in the final model has been tested with a series of likelihood ratio 

tests by progressively including each effect which significantly increased the overall model’s 

goodness of fit (Gelman and Hill, 2006).  

We included as fixed effect the Share amount (factorial, 3 levels: 10, 25 and 40 tokens), the 

motivational Regulatory Focus context (factorial, 2 levels: promotion vs. prevention) and their 

interaction; as covariates we included Expectation (factorial, 2 levels: gain vs. loss), the responses 

given at the SG in phase 2 and the scoring at the SVO questionnaire. Concerning the random 

structure, a by-subjects and a by-items random intercept were included into the model. We also 

tested a by-subjects and by-trial random slope for Share amount and motivational Regulatory Focus 

context and their interaction (Matuscheck et al., 2015; Bates et al., 2015; for likelihood ratio tests 

outcomes for the model selection see Table 1,2). 
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Fixed Effects 

Effect DF ᵡ2 p 

Dictator 1 0.43 0.51 

Expectation 1 1.61 0.2 

SVO 1 0.72 0.4 

RF Context 1 0.29 0.59 

Share amount 2 0.029 0.98 

RF Context*Share amount 2 14.76 0.0006  * 

 

Random Effects 

Trial 

Share amount*RF Context 11 1.81 0.99 

RF Context 4 0.72 0.95 

Share amount 7 7 0.42 

ID 

Share amount*RF Context NA NA NA 

RF Context 2 5.72 0.057 * 

Share amount 5 3.6 0.6 

Table 1: Model selection: Likelihood ratio tests results 
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Random Effects 

 sd corr n   

trial 0.12  180   

ID 0.498  24   

RF Context|ID 0.01 -0.41    

 est SE DF t p 

intercept 6.5 0.1 25.7 62.9 <.001 

Share amount 10:25 -0.015 0.4 3028.7 -0.37 0.71 

Share amount 10:40 0.08 0.4 3042.9 1.11 0.03 * 

Share amount 25:40 0.1 0.04 3030 2.47 0.013 * 

RF Context 

Promotion:Prevention 

0.04 0.45 96.8 0.92 0.36 

Share amount 10:25* RF Context 

Promotion:Prevention 

0.023 0.057 3038.7 0.4 0.69 

Share amount 10:40* RF Context 

Promotion:Prevention 

-0.18 0.0057 3036.3 -3.15 0.002 * 

Share amount 10:40* RF Context 

Promotion:Prevention 

-0.2 0.0057 3020.3 -3.54 <0.001 * 

Table 2: Final model parameters 

LN ~ Share amount * RF ContextV_P + (1 + RF ContextV_P | ID) + (1 | Trial) 

 

We explored significant interactions using the R package “phia” (Martinez, 2015) and 

applying FDR correction for multiple comparisons. 

 

Results 

Phase 1 

80% of our participants showed a preference for prosociality at the SVO Slider Measure. 

 

Phase 2 

Poisson regression showed a significant effect of Sharing option (χ2(5)=221; p<.001). 

Specifically, in the loss frame participants chose more often the possibility to lose 10 tokens (6.33 

times) compared to 25 (3.5 times; p<.001) and 40 (0.12 times; p<.001), and to lose 25 compared to 

40 (p<.001). In the gain frame participants chose more often to gain 40 tokens (5.58 times) 

compared to 25 (3.66 times; p=.033) and 10 (0.75 times; p<.001), and to gain 25 compared to 10 
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(p<.001). In a direct comparison between gain and loss, participants chose more frequently to gain 

40 than lose the same amount (p<.001), and to lose 10 compared to gain 10 (p<.001). A trend was 

found between gain 10 and lose 40 (p=.06), showing that participants were more likely to choose 

the gain option. No other differences were found (all ps >.1). See Fig. 8 for Poisson regression 

results. 

 

Fig 8. Mean frequencies for each choice option during phase 1. Options represent -40/-10,  -25/-25 

and -10/-40 in the loss, and  +40/+10, +25/+25 and +10/+40 in the gain context. The first and the second 

number indicate player A and player B part of the sum, respectively). 

 

Phase 3. Main Experiment 

The final model of the main experiment included the main effects of Share amount, 

motivational RF contexts and their interaction as fixed effects, while the random effects structure 

included the random intercept for Trial and Subject, as well as a by Subject random slope for 

motivational RF context.  
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The main effect of share amount was significant, with higher MEPs when the token amount 

was 40 (1.73mV) compared to both the 10 (b=0.08, t(3042.9)=2.11; p=.03) and 25 (b=0.1, 

t(3030)=2.47; p=.013) tokens (1.61 mV and 1.51mV respectively).  

Crucially, the interaction between the share amount and the motivational RF context was 

also significant: in both the prevention and promotion contexts, the 40 tokens choice was 

significantly different from both the 25 (b=-0.2, t(3020.3)=-3.54; p=<.001) and 10 (b=-0.18, 

t(3036.3)=-3.15; p=.002) tokens choice.  

Within the loss/prevention motivational context, the 40 tokens choice (sharing option -10 

Player A /-40 Player B), which symbolized the goal attainment failure for this context, elicited 

greater MEPs compared to both the 25 (sharing option -25 Player A /-25 Player B; p=.038) and 10 

(sharing option -40 Player A /-10 Player B; p=.05) choices. In the same vein, in the gain/promotion 

frame the 25 (sharing option +25 Player A /+25 Player B; p=.038) and 10 (sharing option +40 

Player A /+10 Player B; p=.038) tokens choices, which represented the two deviated outcomes in 

this context, elicited greater MEPs compared to the 40 tokens choice (sharing option +10 Player A 

/+40 Player B), which denoted instead the maximal goal attainment. 

Comparing the two motivational frame for each amount, the -40 token choice in the 

loss/prevention context elicited greater MEPs (1.15mV) compared to the promotion one (0.99mV; 

p=.007), the two equal sharing ±25 were not significantly different in the two frames (1.03mV vs. 

1.07mV; p=.23) as well as the 10 tokens shares (1.06mV and 1.065mV; p=.36).  See Fig. 9 for the 

interaction results. 
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Fig 9. MEP log-amplitude mean for each choice options of in the two contexts during phase 2 (-40/-10,  -25/-

25 and -10/-40 in the loss and  +40/+10, +25/+25 and +10/+40 in the gain context. The first and the second 

number indicate player A and player B part of the sum, respectively)). Error bars represent +/- MSE. 

Asterisks indicate significant differences at p < .05 

 

Control Experiment  

In the control experiment we checked MEPs amplitude recorded on ADM muscle 

performing the same analysis described above for FDI muscle. In this case both the main effects of 

Share amount (χ²(2) = 0.072 p=0.96), Regulatory Focus context (χ²(1) = 0.146 p=0.7) and their 

interaction (χ²(2) = 0.588 p=0.74) did not reach significance. 

Secondly, we performed a model with MEPs recorded on ADM and FDI muscles as 

dependent variable and condition (factorial, 2 levels: baseline vs experimental procedure) as fixed 

factor; random intercepts of Trial and Subject were entered as random factor. Analyses showed 

higher MEPs during the experimental vs baseline condition for both ADM (χ²(1) = 207.73 p<0.001; 

baseline mean = 0.476 mV, experimental mean = 0.853 mV) and FDI (χ²(1) = 30.106 p<0.001; 

baseline mean =1.234 mV; experimental mean = 1.713). 
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2.3.2 Discussion 

 

In the present study we manipulated the motivational context of economic interactions by 

creating a promotion and a prevention frames in which a Dictator or Player A decided how to share 

a gain or a loss of 50 tokens with Player B, who could only passively accept Player’s A decision. 

Our aim was to investigate whether corticospinal excitability can be modulated by the  

economic goal of an observed action, using with theoretical frame the Regulatory Focus Theory 

(RFT; Higgins, 1997). 

Promotion context was created by settling the sharing options in a gain frame, i.e. Player A 

could choose among three tokens’ divisions (+10/+40; +25/+25; +40/+10, the first number 

indicating Player’s A and the second one Player’s B amount) to be sum up to the quantity already 

owned by Player B. 

Conversely, prevention context was generated by settling the three sharing options in a loss 

frame, with three different possible divisions (-10/-40; -25/-25; -40/-10 tokens) to be subtracted to 

the amount already owned by Player B. 

At the beginning of the experiment (Phase 2) we asked participants to play as dictator to 

assess their behaviour in sharing an economic gain or loss with other players and evaluate which 

goal they were pursuing in promotion and prevention frames. 

Consistently with RFT previsions, in loss/prevention frames participants sought the 

minimum loss (-10) whereas in gain/promotion frames they pursued choices which gave them the 

maximum gain (+40). Crucially, we did not find differences in the frequency for the other economic 

choices. 
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Accordingly, when our participants were playing as Player B/passive receivers (Phase 3), 

MEPs were higher when Player A chose the sharing options less desired by them in the second 

phase. Specifically, in prevention/loss frames, which elicited participants’ behaviour to contain 

losses, MEPs were higher when Dictator chose to subtract 40 tokens from our subject (Dictator’s 

option +40/+10), a choice which was clearly against participants goal of minimizing their loss. 

In the same vein, in the promotion/gain frame, higher MEPs were recorded when 

participants did not reach their goal, that is to reach the maximum gain (40 tokens, Dictator’s option 

+10/+40).  

At the opposite, when participants were able to achieve their goal in both preventions and 

promotion contexts (i.e. when participants gained 40 or lost 10 tokens) MEPs were smaller. 

To the best of our knowledge, this is the first proof suggesting that corticospinal excitability 

can be influenced by reaching individual goal attainment during economic interactions. More 

specifically, our data offer a neurophysiological measure to RTF behavioural previsions and 

highlight the possibility that the human neuron mirror system (HMs) is involved in understanding 

actions’ goals in economic interactions. 

Previous neuroimaging studies investigated the neural underpinnings of RFT, suggesting 

that in promotion frames maximizing gains increased activation in the medial prefrontal cortex and 

in the anterior cingulate cortex (ACC) and achieving prevention goal minimizing losses increased 

activations in the bilateral posterior cingulated cortex and the precuneus (Johnson et al., 2006; 

Sharon et al., 2007). Cunningham and colleagues (2005) indicated that performing verbal 

judgements in promotion and prevention frames increased activation of amygdala, ACC and 

extrastriate cortices. Some of these regions show connections with the premotor cortex, which is a 

core hub for the HMs (Leung et al., 2015). This complex network supports the idea that RFT, being 

a motivational model, includes both cognitive evaluations and emotions in reactions and 
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expectations linked to the different outcomes in economic interactions. Specifically, gain/promotion 

success elicits positive emotions, such as cheerfulness related emotions, while promotion failure 

evokes low-intensity sadness. Prevention success induces quiescence-related emotions, and failure 

in prevention focus generates agitation-related emotions (Idson et al., 2004).  

In line with this idea, previous studies suggested that motivations and emotions associated 

with the observation of monetary actions may influence corticospinal excitability. For example, 

short intra-cortical inhibition (Thabit et al., 2011) and MEPs amplitude (Suzuki et al., 2014; 

Kapogiannis et al., 2008) can be modulated by the presence of a monetary reward. Recently, 

Vicario et al. (2015) found that economic losses are associated with higher MEPs and negative 

emotions elicited by the economic outcome increased with corticospinal excitability. 

A point of discussion is that our data could be explained by the fact that corticospinal 

excitability is influenced by the mere negative emotions elicited by maximum losses and non-

maximum gains. However, previous studies evaluated how emotional stimuli affect corticospinal 

excitability, without reaching a univocal interpretation. Indeed, while some authors highlighted 

MEPs increasing with unpleasant stimuli (Coelho et al., 2010; Coombes et al., 2009; Oliveri et. al., 

2003; Nogueira-Campos et al., 2016) other showed increase of MEPs amplitude for emotional vs 

neutral stimuli (Borgomaneri et al., 2012; Hajcak et al., 2007). The majority of these studies, 

however, triggered emotions with external stimuli such as images or sounds, while only few studies 

investigated the role of internally generated emotional states (Vicario et al., 2015). 

In the present study, only the negative emotions associated to failure in the specific goals of 

each contextual frame increased corticospinal excitability, suggesting a complex relationship 

between economic interaction, motivation and emotions which is traceable and measurable also at 

cortico-motor level. 
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Moreover, our findings contribute to the debate about the role of the HMs in understanding 

action goals in social interactions. Previous studies investigate how action’s goals are able to 

influence motor facilitation, however the meaning of “goal” is not shared or consistent across 

studies. To elicit motor facilitation participants watched grasping movements toward objects, in 

which goals were defined by the object’s context and properties (if it was visible or hidden, 

reachable or not) (Iacoboni, 2005; Gazzola et al., 2007; Umiltà et al., 2008; Urgesi et al., 2010; 

Cavallo et al., 2013). In other works, instead, action’s goal implicates a social purpose, for example 

reaching a ball to throw it to someone else (Bucchioni et al., 2013). 

In our study, we considered not only the real goal of the observed actions, that is sharing 

money in an economic interaction, but also its implicit goal, or better the deviation between the 

desired frame-specific outcome and the real action result.  

Taken together our findings fit nicely with RFT predictions, while they are only partially in 

line with Prospect Theory previsions and loss-aversion behaviours (Tversky and Kahneman, 1981). 

The main idea of Prospect Theory is that the subjective experience of pain due to loss is greater that 

the pleasure experience from a gain of the same entity. In our data the difference between MEPs 

amplitude in the higher loss (-10/-40 tokens) and the higher gain (+10/+40 tokens) was significant, 

but for the intermediate levels (-25/-25 vs 25/25 and -40/-10 vs 40/10) MEPs did not differ between 

gains and losses. Our results are not directly connected with the amount of token in each trial: 

MEPs were not different in loss frames when participants were losing 10 vs 25 or gaining 10 and 

25. 

In conclusion, our findings suggest that the HMs is sensitive to individual’s present goal 

pursuits (Huang & Bargh, 2013), shaping the meaning and valence of an observed action according 

to the motivational contextual frame. 
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  Our results provide a neurophysiological support to RFT suggestion that economic 

decision-making processes crucially depend on frame-specific and contingent goals and in this 

specific case trying to achieve the maximum gain vs avoiding the undesired one (Florack et al., 

2013 ). 

Merging the results of the two studies, it could be argued that corticospinal excitability is 

modulated while observing exactly the same grasping movements, by the action outcomes, not in 

term of fairness/ unfairness or gain/loss as it could be expected, but as consequence of more 

sophisticated and complex phenomena, such as status quo modification and motivational context. 

Our findings highlight that motor facilitation, which is thought to reflect HMs activity is not only 

shaped by intrinsic action features, but also from the value which is determined by action meanings 

and interaction consequences.  

To conclude, our results suggest that MEPs are a reliable measure to investigate the 

neurophysiological underpinnings of previsions based on economics models accounting for 

complex human behaviour in social interaction context. 
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3. The use of MEPs in social interaction 

 

3.1 Introduction 

 

Recent studies showed that corticospinal excitability is influenced by the social value 

assumed by actions in interpersonal interactions and contexts, which is one of the most ecological 

setting in which the HNMs is supposed to play a relevant role (Hogeveen & Obhi, 2012).  

In a series of studies, for example, Sartori and colleagues (2011, 2012) showed that 

complementary actions induced higher MEPs as compared to action in isolation and Bucchioni and 

colleagues (2013) suggested that this effect was not due to the onlooker’s implicit or explicit 

involvement. 

Among social variables, stereotypes are able to affect information processing and interaction 

thus strongly influencing our behaviour (e.g. Snyder et al., 1977).  

In our everyday life we categorize people and apply stereotypes to simplify our knowledge 

about the world (Tajfel et al., 1971).  

One of the most salient features to categorize people is ethnicity, it is early and 

automatically coded and influences behaviour (Snyder et al., 1977) and decision making (Kinzler et 

al., 2010).  

Behavioural (Capellini et al., 2016; Pavan et al., 2011), neuroimaging (Xu et al., 2009; 

Azevedo et al., 2013), electrophysiological (Gutsell & Inzlicht, 2010, 2013) and neurophysiological 

(Désy & Théoret, 2007; Avenanti et al., 2010) studies consistently suggested the pervasiveness of 

this categorization. 

In a famous study from Avenanti and colleagues (2005), for example, the sight of a needle 

penetrating in a seen arm induced a freezing effect in corticospinal excitability, suggesting an 
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instinctive ability to empathize with others. Crucially, when the same painful stimuli were delivered 

to an outgroup member, however, the corticospinal modulation disappeared (Avenanti et al., 2010). 

Not only top-down influences such as stereotypical knowledge, however, could be able to 

influence our social perception of outgroup members: this effect can interact, and maybe be 

empowered, by bottom-up information such as contextual features (Trawalter et al., 2008). 

In the present line of research, we aimed at providing a further contribute to this field of 

investigation, exploring whether corticospinal excitability can be modulated by agents’ membership 

(ingroup vs outgroup) and contextual cues (threatening vs relaxing sound) during the sight of a 

same action, i.e. grasping a neutral object (a glass). 

 

3.2 Study: manipulating context to elicit social threat  

 

3.2.1 Background 

 

Through the evolutionary process, the human brain developed the ability to adapt to 

complex social group living (Dunbar, 2011). One of the way to understand and simplify our 

knowledge about it is to create simpler categories usually relying upon trivial criteria (Tajfel et al., 

1971).  

One of the most common categorization is based on the differentiation between ingroup vs 

outgroup (Amodio, 2008; Tajfel, 1981) and it’s usually based on people characteristics such as 

gender, age, profession, education and so on (Molenberghs, 2013). 

Being part of a group is extremely important from an adaptive point of view: it provides 

security against common enemies and easier access to supplies; indeed membership offered survival 

and strengthened collective group adaptability (Caporael, 1997). Many authors investigated the 
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neural underpinnings of this evolutionary legacy, which influenced our perceptual, affective and 

cognitive skills to develop and maintain a group society (Brewer & Caporael, 1990). 

Our brains, indeed, responds differently to ingroup and outgroup members (see Molenberghs 

2013 for a review), even when membership is based on circumstantial and trivial criteria, such be 

divided in yellow and blue teams, on the basis of task performance, immediately before the 

experiment (minimal group paradigm, Tajfel et al., 1971; Billig & Tajfel, 1973, Tajfel & Billic, 

1974; see Volz et al., 2009 for a fMRI example). 

Among the possible categories in which we separate our ingroup from our outgroup, race 

represents a powerful cue (Sacheli et al., 2015). 

Ethnic categorization has been showed to influence a broader range of processes and 

functions, such as intention comprehension and imitation (Liew et al., 2011; Earls et al., 2013; 

Losin et al., 2012), joint action processes (Sacheli et al., 2015), social attention through gaze-

orienteering (Pavan et al., 2011), bodily illusion (Maister et al., 2013; Peck et al., 2013) and 

empathy (Avenanti et al., 2010; Azevedo et al., 2013; Berlingeri et al., 2016). 

As suggested by some authors, however, categories are not fixed concepts but instead they 

are fluid and context dependent (Turner et al., 1994). 

Context is able to influence social categorization (Freeman et al., 2013) for example by 

modifying face’s emotion perception (Barrett & Kensinger, 2010; Masuda et al., 2008; Righart & 

De Gelder, 2008). 

Threatening contextual features, for instance, can weaken or strengthen race-based 

stereotypes of aggressiveness and menace (Trawalter et al., 2008): a threatening context is likely to 

activate negative stereotypes associated with specific social categories, thus activating the 

perception of a menace. 
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A large body of evidence suggests that attentional resources are easily captured by 

threatening stimuli, such as biologically dangerous animals (see Öhman et al., 2001 for a review) 

and social menacing stimuli (Fox et al., 2002), thus interfering with goal-directed behaviour 

(Williams et al., 1988, 1996). 

Moreover, people are highly sensitive to dangerous objects since their childhood (Anelli et 

al., 2012a,b, 2013) and the dangerousness of objects placed in our environment influences, for 

example, the boundaries of our peripersonal space (Coello et al., 2012). 

Among social groups, Blacks, Latinos and more recently Arabians, are stereotypically 

linked to aggression and threat (e.g., Payne, 2001; Mange et al., 2012), thus eliciting aggressive 

responses in social perceivers. 

In their recent study, for example, Mange and colleagues (2012) observed that participants 

were faster to decide to shoot against an armed target when they were primed with words associated 

to the category Arab or Muslim as compared to a no-priming condition, thus suggesting that the 

simple accessibility to subjectively threatening social categories facilitates aggressive responses 

(Mange et al., 2012) 

In a previous study by Capellini et al. (2016) social menace was induced by manipulating 

contextual cues (i.e. neutral vs threatening objects) and agent’s group membership (ingroup vs 

outgroup) . Reaction times were recorded through a MouseTracker. Results showed faster reaction 

times both in starting a response and in producing it, when participants observed an action 

performed by the ingroup members rather than by the outgroup only when threatening objects were 

presented. These findings were interpreted by authors as a measure of higher motor resonance with 

members of the ingroup compared to the outgroup, especially when contextual cues appeared on the 

scene and activated threat perception and thus outgroup’s related stereotypes. 
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Previous work on threatening stimuli effect on corticospinal excitability suggested a freezing 

like effect, i.e. an inhibitory modulation of corticospinal excitability. This pattern has been induced 

by potentially dangerous stimuli such as loud acoustic (Furubayashi et al., 2000), unexpected visual 

flashes (Cantello et al., 2000) and approaching virtual objects (Makin et al., 2009) or visual painful 

stimuli (e.g. Avenanti et al., 2005). 

Building on this body of work, the present study aimed to explore whether and how 

corticospinal excitability triggered by observing others’ grasping movements toward a neutral 

object (a glass) can be modulated by social variables such as ethnic group membership and whether 

contextual cues, such as sounds, were able to modulate this effect. 

Our specific hypothesis was that threatening context caused an inhibitory effect on 

corticospinal excitability and that this pattern should be amplified when the agent of the action was 

a member of the outgroup. 

In order to test this hypothesis we manipulated agent’s membership (ingroup, i.e. Caucasian, 

vs. outgroup, i.e. Arabic) and the contextual cues by asking participants to listen to threatening vs 

neutral external sounds.  

 

3.2.2 Methods 

 

Participants 

19 right-handed healthy students (12 male,  Mage = 23.2, SD = ±1.7) took part in the study. 

Only right-handed participants, i.e. with an laterality index higher than 0.5 according to the 

Edinburgh Handedness Inventory (Oldfield, 1971), were accepted in the study. Participants 

completed the Adult Safety Screening Questionnaire (Keel et al., 2001) and gave informed written 
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consent before to start with the experiment. We excluded participants with any contraindication for 

TMS (Rossi et al., 2009).  

The study was approved by the local Ethics Committee and was in accordance with the 

ethical standards of the revised Helsinki Declaration. 

 

TMS and EMG recordings 

We used the same procedure described in the second Neuroeconomic study (paragraph 2.2.2 

TMS and EMG recordings, page 19). MEPs were recorded from FDI and ADM muscles. 

 

Visual stimuli and context manipulation 

During the experiment actions were shown through video clips which were presented on a 

19-in. LCD screen at a distance of approximately 80 cm from participants' head. 

In each video participants saw two different agents (a Caucasian guy - ingroup condition vs 

an Arabian - outgroup condition) grasping a neutral object (a glass). 

Each grasp was a precision grip and was executed with the thumb and the index fingers of 

the right hand. In each video actors were shown from behind with an egocentric perspective (see 

Figure 1) and action timings were strictly synchronized across videos: each video had a duration of 

3000 ms and the grasping movements happened after 2500 ms from the video onset. 

TMS pulses were delivered at the same time with the maximum index finger–thumb 

aperture, which has been shown to be the moment in which FDI motor cortex has the maximum 

excitability for MEPs recording (Gangitano et al., 2001, 2004).  
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We manipulated context valence by asking participants to listen to two different background 

sounds: a neutral one, i.e. nature sounds and a threatening one, i.e. war noises. The neutral sound 

(original duration 45 seconds) consisted in the murmur of seawaves, while the war sound (original 

duration 39 seconds) was composed of noises of bombing, air-raid siren and shooting. Both original 

durations were transformed and run in a loop to cover the duration of the whole block.The volume 

was checked to be balanced for each participant in the two conditions. 

 

Procedure 

Participants were comfortably seated in a chair positioned 70 cm from the computer screen 

and electrodes were placed on the right hand.  

Then for each participant we found TMS hotspot and after motor threshold was assessed, 

participants received instructions about the procedure . 

We recorded two baseline sessions, each one composed of 20 MEPs, at the beginning and at 

the end of the experiment. In this condition participants had to watch a fixation cross at the center of 

the screen and TMS pulses were randomly delivered with an interval between 3800-4000 ms. 

Participants were then presented with photos and a brief description of the actors they were 

going to watch during the experiment (name, age and nationality). Actor’s pictures and descriptions 

(Gabriele, 26 years old, Italian vs Haashim, 27, Iraqi) were printed on a paper which was placed on 

the desk in a visible position for the whole experiment.  

After actors’ introduction, we started with the experiment. 

A fixation cross was shown at the center of the screen and after 2000 ms the video started and 

MEPs were recorded (see Fig. 1 for a timeline). 
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Fig. 1: Experimental timeline for the two actors 

The experiment was divided in two blocks: one block elicited menace through the 

background sound of war, whereas the other one create a neutral setting with nature noises. We 

chose a block design, i.e. in one block videos picturing the two actors were randomly presented in a 

menace context and in the other they were presented in the neutral setting. This procedure was 

based on the evidence that participants implicitly connected threatening contextual cues to the 

negative stereotype of the outgroup and once this link is active it’s difficult to eliminate it. 

However, our dependent variable was constituted by MEPs which are shown to be affected by 

cumulative effects (Pellicciari et al., 2016), so we tried to found a compromise between this two 
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conditions and counterbalanced the order of threat and neutral context across participants separating 

the two blocks by asking participants to play a dummy task, in order to switch the attention from the 

experiment to another job. 

Each block was composed of 80 trials each, with a 2 minutes break after the first 40 trials. 

To check that participants were paying attention to videos, 10% of trials were randomly 

followed by a slide asking participants to indicate the agent of the previous action. 

Video presentation and TMS single pulse delivering were controlled by E-Prime 2 Software. 

 

EMG Results  

We excluded from analysis trials with EMG activity greater than 100 μV in the 100 ms 

before TMS thus avoiding MEPs contamination by background activity and MEPs smaller than 100 

μV or with a latency inferior to 5 ms (Sartori et al., 2013). We chose to use a cut off of 100 μV to be 

more conservative compared to the cut off of 50 μV suggested by Sartori et al. (2013). Indeed in our 

previous experiments the intensity used usually gives an average amplitude around 1 mV (e.g. 

Pisoni et al., 2014).We measured off-line the peak-to-peak MEPs amplitude and for each block 

outlier trials (±2 SD from the individual mean value) were removed from subsequent analysis. With 

this procedure we discharged the 3.8% of MEPs. Remaining MEPs were normalized using the 

natural logarithm. 

First a linear mixed model analysis was run to analyze MEPs differences in the three 

experimental conditions. Condition (3 levels: baseline, neutral context, threatening context) and 

muscle (2 levels: FDI, ADM) were entered as fixed factors, while subject intercepts was entered as 

random factor. 
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The main effect of condition was significant F(2,7178)= 33.3, p<.001, post-hoc comparisons 

with Bonferroni correction highlighted lower MEPs in the baseline as compared to both the 

threatening and the neutral context (p<.001 and p=.017, respectively) and in the neutral as 

compared to the threatening one (p<.001). See Fig. 2 for results. 

 

Fig 2. MEP log-amplitude mean for condition (Baseline, Neutral, Threatening). Error bars represent +/- 

MSE. Asterisks indicate significant differences at p < .05. 
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The main effect of muscle was significant F(1,7178)= 3207.7, p<.001: MEPs amplitude was 

higher for FDI as compared to ADM muscle. 

 

Fig 3. MEP log-amplitude mean for each muscle (FDI, ADM). Error bars represent +/- MSE. Asterisks 

indicate significant differences at p < .05. 

 

The interaction between condition and muscle was significant (2,7178)=42.8, p<.001: for 

FDI muscle MEPs were higher in the two experimental conditions as compared to the baseline 

(p<.001), but they did not differ between them (p=.218). For ADM muscle MEPs were smaller in 

the neutral context as compared to the baseline and to the threatening context (p=.011 and p<.001 

respectively) and showed a facilitatory effect in the threatening condition as compared to the 

baseline and to the neutral context (p<.001). See Fig. 4 for results. 
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Fig 4. MEP log-amplitude mean for each condition (Baseline, Neutral, Threatening) and each muscle (FDI, 

ADM). Error bars represent +/- MSE. Asterisks indicate significant differences at p < .05. 

 

We then run a linear mixed model to analyze the effect on MEPs amplitude of the within 

subjects factors Membership (2 levels: Ingroup vs Outgroup), Context (2 levels: Threat vs Neutral) 

and Muscle (2 levels: FDI vs ADM) with subject intercept as random factor. 

The main effect of Context was significant F(1,5774) = 35.4, p<.001, with higher MEPs in 

the threatening condition (see Fig. 5 for results).  
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Fig 5. MEP log-amplitude mean for each Context (Neutral, Threatening). Error bars represent +/- MSE. 

Asterisks indicate significant differences at p < .05. 

 

The main effect of Muscle was significant F(1,5774) = 3238.1, p<.001, MEPs were higher 

for FDI as compared to ADM muscle. 

The main effect of Membership was not significant F(1,5774) = 2.5, p=.115. 

The interaction between Context and Muscle was significant F(1,5774) = 72.1, p<.001: for 

FDI muscle there was a trend for higher MEPs in the neutral as compared to the threatening context 

(p=.072), while for ADM MEPs were significantly higher in the threatening as compared to the 

neutral condition (p<.001). See Fig. 6 for results. 
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Fig 6. MEP log-amplitude mean for each Context (Neutral, Threatening) and each muscle (FDI, ADM). 

Error bars represent +/- MSE. Asterisks indicate significant differences at p < .05. 

 

The interaction between Context and Membership showed a trend toward significance 

F(1,5774) = 3.5, p=.062; exploratory post-hoc analysis with Bonferroni correction highlighted that 

in the threatening condition, namely when MEPs were higher, no differences between ingroup and 

outgroup were present (p=.837) while for the neutral condition MEPs were higher for the outgroup 

as compared to the ingroup (p=.015). See Fig. 7 for results. 
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Fig 7. MEP log-amplitude mean for each Context (Neutral, Threatening) and each groups (FDI, ADM). Error 

bars represent +/- MSE. Asterisks indicate significant differences at p < .05. 

 

The interaction between Membership and Muscle and the three-way interaction among 

Context, Membership and Muscle were not significant (ps>.222). 

 

3.2.3 Discussion 

 

In the present study we aimed at investigating whether contextual cues, such as surrounding 

sounds, are able to trigger social menace in the perception of an outgroup member, thus in turn 

modulating corticospinal excitability. 

Our specific hypothesis was that threatening context caused an inhibitory effect on 

corticospinal excitability and that this pattern resulted amplified when action’s agent was a member 

of the outgroup. 
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In order to investigate this hypothesis 19  neurologically unimpaired students of Milano-

Bicocca University were enrolled in the study, in which video depicting a member of the ingroup 

(Caucasic actor) or of outgroup (Arabian actor) in the act of grasping a neutral object were showed 

in a threatening vs neutral setting. In order to activate and maintain threat perception the experiment 

was divided in two blocks, one with war sounds and the other one with neutral sounds, while videos 

picturing the two actors were randomly presented in each block.  

TMS pulses were delivered over left M1 and MEPs were recorded from the right FDI and 

ADM muscles. 

Preliminary analysis aimed at comparing corticospinal excitability during the baseline 

condition, in which participants were asked to watch a fixation cross in the center of the screen, to 

the two experimental conditions, in which actors were grasping the object. 

In line with previous studies (e.g. Pisoni et al., 2014; see Naish et al., 2014 for a review) we 

found smaller MEPs during the baseline as compared to the two experimental conditions. 

Surprisingly, however, this first analysis highlighted higher MEPs during the threatening as 

compared to the neutral condition. 

In the comparison between the two muscles, MEPs were higher for FDI as compared to 

ADM, thus reflecting a muscle-specific effect induced by the precision movement observed (e.g. 

Fadiga et al., 1995) 

Moreover, the interaction between condition and muscle was significant: for FDI MEPs 

were higher in the two experimental conditions as compared to the baseline with no difference 

between the threatening vs neutral context; at the opposite for ADM MEPs were higher in the 

threatening as compared to the baseline and the neutral context, and in the baseline as compared to 

the neutral context. 
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These pattern of results allowed us to think that two different processes were involved: on 

one hand FDI seemed to reflect the motor resonance effect due to the observation of a grasping 

movement, indeed a motor facilitation was found on both contexts involving an action observation, 

regardless of emotional valence (i.e. the facilitation was found also in the neutral condition); on the 

other one, ADM activity suggested a more general arousal effect due to context manipulation, since 

the only condition showing an increased excitability was the threatening one. Moreover, for ADM, 

MEPs were even smaller in the neutral condition compared to the baseline, further confirming the 

non-involvement of this muscle in the observed grasping action.  

 Then we run the main analysis of the experiment, thus eliminating the baseline condition 

and comparing the two experimental contexts (threatening vs neutral) to the actor’s membership 

(ingroup vs outgroup) and the two muscles (FDI vs ADM). 

As expected, the main effect of muscle was significant, with higher MEPs for FDI as 

compared to ADM.  

The main effect of context was also significant, with higher MEPs in the threatening as 

compared to the neutral condition. As highlighted by the significant interaction between context and 

muscle, however, the effect of context was different on FDI and ADM: for FDI a trend was found in 

the expected direction, that is lower MEPs in the threatening as compared to the neutral context, 

while for ADM muscle the effect was in the opposite direction, that is higher MEPs in the 

threatening condition compared to the neutral one, thus corroborating our idea that the results were 

reflecting two different processes. 

On the one hand, FDI showed a trend toward our predicted pattern, more similar to the one 

described in literature, i.e. smaller MEPs during the presentation of threatening/painful stimuli 

(Furubayashi et al., 2000; Cantello et al., 2000; Makin et al., 2009; Avenanti et al., 2005). 
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At the opposite ADM seems to reflect a more general arousal-driven excitability increment, 

due the threatening context, which might initiate a  “fight or flight” reaction.  

Crucially the interaction between context and membership was significant: in the threatening 

context MEPs were not different when the agent was a member of the ingroup or of the outgroup. 

Therefore in the case of threatening condition sounds elicited menace regardless of the agent’s 

membership. Conversely, in the neutral context when the agent was a member of the outgroup 

MEPs were higher as compared to ingroup condition. Previous studies on the effect of emotional 

stimuli on corticospinal excitability showed contrasting results, sometimes showing a reduction of 

excitability for happy and fearful emotional bodies (Borgomaneri et al., 2015), in some case 

recording higher MEPs during emotional (positive or negative) vs neutral stimuli (Hajcak et al., 

2007), while in other studies higher MEPs were found only during negative stimuli presentation, 

such as fearful vs happy or neutral facial expression (Shutter et al., 2008). In this latter case and 

consistently with our present data, the increased corticospinal excitability in the threatening 

condition could be interpreted as an increased arousal induced by stimuli negatively connotated 

(Öhman, 1986; Davis & Whalen, 2001). Following this explanation, higher MEPs in the neutral-

outgroup condition highlight that also in the neutral context participants perceived the member of 

the outgroup as potentially more threatening.  
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4. Human neuron mirror system: our contribute to the debate 

 

In our everyday life actions are not something abstract and isolated, but they are always 

embedded in a context which help us extracting their meaning in a proper way.  

Traditionally motor resonance has been considered as an automatic response triggered by an 

observed action that elicited in the onlooker’s motor system the activation of the same motor 

regions (Fadiga et al., 2005). Indeed, motor resonance was thought to be influenced only from low-

level intrinsic observed action’s features, such as the muscle involved (Alaerts et al., 2009; 

Gangitano et al., 2001, 2004; Valchev et al., 2015), time-locking sequence (Alaerts et al., 2012) and 

kinematics (Borroni et al., 2011). 

If this was the case, however, motor resonance should not be affected by non-motor 

connected features, such as intentions, goals and contexts. Recent studies, and ours among them, 

suggest instead that motor resonance is strongly influenced by other variables and modulated in a 

top-down way. 

In a series of studies, Sartori and colleagues (2011; 2012) suggested for example that 

observing a same action increases MEPs size when it suggested the complementary movement in 

the onlooker. Bucchioni and colleagues (2013) showed that the mere presence of a social context is 

able to facilitate corticospinal excitability, even when two kinematically identical actions are 

observed. 

Recently Amoruso and Urgesi (2016) showed that context is crucial not only for predicting 

intentions and goals, but it also plays a role in affecting lower-level information, thus influencing 

corticospinal excitability also during kinematics and muscular activity coding. In their study, 

authors showed participants actions which could be embedded in different scenarios, namely 

congruent, incongruent and ambiguous. During the experiment videos were stopped before ending 

and participant should give their prediction. Corticospinal excitability decreased during the 
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incongruent condition compared to congruent and ambiguous ones and this reduction correlated 

with an impairment in the ability to correctly predict action outcomes. 

As different authors pointed out (Fadiga et al., 2005; Naish et al., 2014; Bestmann & 

Krakauer, 2015), MEPs are usually considered an output measure of corticospinal activity, however 

the modulation of this index could be influenced also in other ways.  

In their review Fadiga et al., (2005) discussed about the possibility that action observation 

induces MEPs modulation by-passing M1 and activating descending volleys and thus motoneurouns 

through a parallel route, for example from the premotor cortex passing through the brainstem. This 

hypothesis, however, was rejected in the same review citing a work of Strafella & Paus (2000) in 

which action observation reduced intracortical processes (in terms of facilitation and inhibition). 

Another compelling hypothesis suggests that MEP size is influenced by processes occurring 

outside M1 through excitatory or inhibitory cortico-cortical connections directly or indirectly linked 

to M1. 

Some evidence supporting this idea comes from paired-pulse TMS studies (e.g. Koch et al., 

2006, 2008), in which typically a first conditioning stimulus is delivered over a distal cortical region 

and its influence on MEPs amplitude is assessed by a second pulse, delivered some milliseconds 

later over M1. This procedure showed, for example, that delivering a conditioning pulse over the 

prefrontal motor cortex (ventral or dorsal) is able to elicit higher MEPs during action observation 

(Catmur et al., 2011). 

Following this reasoning, during action observation different brain areas involved in the 

HMs could influence in a top-down way corticospinal excitability. In this direction recent studies 

drove attention on the role of the inferior frontal cortex in predicting actions (Avenanti et al., 2017): 

anodal tDCS over this region increased performance in an action prediction task, while cathodal 

showed an impairment in the same task. 
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In their recent review, Naish and colleagues (2014) suggested the existence of a two-stage 

model of corticospinal excitability during action observation, characterized by an early activation of 

the motor system based on low-level processing of the stimulus. This earlier phase is automatic and 

is not muscle-specific and could be activated as soon as the visual motion associated with an action 

is perceived (around 80-100 ms). The later phase of modulation, from 200 ms onwards is instead 

muscle-specific and sensible to the higher-level cognitive variables. 

In our studies we controlled for action’s low-level parameters: in the experimental 

conditions the precision grip was always the same, the object grasped was kept constant, as well as 

kinematics and timing. However, corticospinal excitability was influenced by other variables, such 

as action meaning (Neuroeconomics, Study 1), motivational context of onlooker’s 

(Neuroeconomics, Study 2), contextual manipulation (Social threat). 

Although we interpreted our results in the light of HMs theory, we want to highlight that it is 

not the only possible explanation about our findings. Indeed whenconsidering MEPs measurement, 

an important issue is that changes in corticospinal excitability does not give us information about 

which brain regions are involved in this modulation. M1 is connected with a large number of non-

motor areas, hence a change in its excitability could be generate in each of these regions. We cannot 

be sure that changes in motor-spinal excitability are induced by the activation of different regions as 

compared to the ones involved in HMs which influence M1 through cortico-cortical connections. 

Studies aiming at investigating brain connectivity with other techniques, such as TMS-EEG 

could further address this issue.  

 Studies aiming at investigating brain connectivity with other techniques, such as TMS-EEG could 

further address this issue.  

The integrated system of TMS-EEG allows indeed a direct measurement of the excitability of any 

cortical area (beyond primary motor or visual area) by directly perturbing the cortical activity, by 
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means of TMS, and recording with the EEG the cortical response to this perturbation with a high 

temporal resolution (Taylor et al., 2008), computed as TMS-Evoked Potentials (TEPs).  Moreover, 

continuous high definition EEG recording permits to track how activation spreads from the 

stimulated area to interconnected ones, thus allowing a direct measure of effective connectivity. 

TEPs are considered a reliable measure of brain activation state (Miniussi and Thut, 2010); beside, 

as long as the same parameters across sessions are maintained, the reliability of the technique has 

been probed (Casarotto et al., 2010) allowing to link any observed changes in TEPs to the 

experimental condition.  Therefore, applying TMS over M1 and using EEG on top of EMG, during 

action observation including contextual manipulation, would allow to answer to the previous 

question and this is the line of research the lab will pursue as future development of the present 

studies. Compared to MEPs, TEPs will directly tap M1 cortical excitability; moreover, comparing 

TEPs across conditions on target brain areas (e.g. inferior frontal cortex) will allow to explore 

which cortico-cortical connections plays a role in the observed results.  
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5 The use of MEPs in embodied cognition 

 

5.1 Introduction 

 

Forty years ago, in his ecological approach to vision, Gibson (1977, 1979) first introduced 

the concept of affordance, referring to the idea that the visual perception of an object automatically 

generates a set of possible actions we can perform on and with it. Affordances are automatically 

triggered by object’s sight even if there is not an explicit intention to interact with it and are limited 

by the observer’s action abilities and possibilities. 

Animals (Murata et al., 1997), behavioural (Tucker & Ellis, 2001, 2004) and neuroimaging 

(Grafton et al., 1997; Grèzes et al., 2003; Chao & Martin, 2000) studies consistently suggested that 

the dorsal stream might constitute the neural underpinning for Gibson’s affordance concept, 

transforming visual object’s information, such as size and orientation, into the appropriate hand 

shape necessary to grasp it (Jeannerod et al., 1995). 

Neurophysiological studies on corticospinal excitability gave their contribution to the debate 

highlighting that object presentation elicited higher MEPs as compared to a non-object condition 

(Franca et al., 2012) and that object’s features such as ease-of-grasp (Cardellicchio et al., 2011; 

Buccino et al., 2009) and structural properties such as intact handles (Buccino et al., 2009) are able 

to influence MEPs amplitude. 

Another important variable able to affect motor excitability is the object’s location in the 

space: Cardellicchio and colleagues (2011), for example, showed that when a virtual object is 

presented in the near – reachable space MEPs are higher as compared when the same object is in the 

far – unreachable space.  

A concept involved in the refinement of what belongs to peripersonal space is body schema, 

defined as a multimodal brain representation that constantly integrates multisensory 



86 
 

(proprioception, somatosensory, visual, auditory) information about the body (Berlucchi & Aglioti, 

1997; Head & Holmes, 1911; Holmes & Spence, 2004; Maravita & Iriki, 2004). 

Body schema is a plastic concept and can be updated after permanent changes due to surgery 

(e.g. Di Russo et al., 2006) or by manipulating artificial tools (Maravita & Iriki, 2004; Pazzaglia et 

al., 2013).  

Recent studies in social psychology (e.g. Duguid & Goncalo, 2012) suggested that the 

psychological experience of power also affects individuals’ subjective sense of height: when people 

felt powerful they perceived themselves as taller. 

However, no work tested whether change of self-perception due to the experience of power 

are induced by traceable modification of own body schema. 

We reasoned that the corticospinal modulation induced by object’s position could be used to 

trace whether power experience affects own body schema. More specifically, if in a powerful 

condition people expand their body schema boundaries by overestimating own height, this in turn 

would affect the surrounding space perception along the vertical axis, such to encode objects 

presented in the closest portion of extrapersonal space as being nearer, thus falling within the 

peripersonal space. MEPs could be used then to investigate the presence of an unconscious 

remapping of the external space after power manipulation by using motor facilitation properties. 

Building on this, in the present study we manipulated participants’ power experience and measured 

the MEPs induced by the vision of a graspable object, such as a pencil sharpener, presented at 

different positions along the vertical axis, both in the peripersonal and extrapersonal space.   

More specifically, participants’ experienced power was manipulated by random assigning 

them to three conditions and asking them to recall a specific event in which they experienced i) high 

power; ii) low power; iii) positive feelings without any connection to power (control condition).  
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 The object’s distance was manipulated by placing the pencil sharpener at 5 different 

positions in the vertical space: two in the peripersonal space, two in the extrapersonal space, plus a 

midline condition. We expected that in powerful condition participants’ MEP induced positioning 

the pencil sharpener in the extrapersonal space would be comparable to those induced in the 

peripersonal space.  

Traditionally, studies manipulating object’s location in the space considered only the 

horizontal axis (Rossetti et al., 2015), while only few recent studies that tested object presentation 

along the vertical axis (De Paepe et al., 2017; Azañón et al., 2016; Rossetti et al., 2015). 

Therefore, in order to have a baseline of corticospinal modulation in the vertical space we 

ran a control study in which we tested the same object positions on both the horizontal and vertical 

axis, without any power manipulation. 

 

5.2 Study 1: Power in the brain 

 

5.2.1. Background: Peripersonal and extrapersonal space 

 

In everyday life, we perceive the external world as a unified and indivisible whole.  

Despite our own experience, evidence from studies on both animals and humans unveiled 

the existence of different space representations. One of the most studied space representation 

regards the distinction the brain makes between the so called peripersonal and extrapersonal spaces. 

From an evolutionary point of view, this distinction is crucial to discriminate which stimuli are 

potentially threatening for own survival (Hediger, 1955; Dosey & Meisels, 1969) and body integrity 

(Graziano and Cooke, 2006).  

Most of researches focused on peripersonal space, defined as the space immediately 

surrounding our body, within which we can reach and manipulate objects; it is a multisensory-
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motor interface between our body and the external world, where external stimuli coded by our 

senses are integrated with online proprioceptive and kinesthetic information about our body parts 

(Graziano et al., 1994; Makin et al., 2007; Serino et al., 2011).  

Recently, it has been suggested a dual-model to account for peripersonal space abilities and 

properties: De Vignemont & Iannetti (2015) suggested a functional distinction between bodily 

protection and goal-directed action, which require different sensory and motor processes. 

Extrapersonal space is not such a well-defined and studied concept, it starts where 

peripersonal space finishes and is conceived as the space in which objects are unreachable unless 

moving towards them (Rizzolatti et al., 1983; Coello et al., 2008).  

First evidence of a double dissociation between peri and extrapersonal space in humans 

comes from neuropsychological studies with patients affected by neglect: some participants showed 

behavioural patterns indicating that neglect was restricted to the near - peripersonal space vs cases 

with a specific deficit to code for the far – extrapersonal space (see Lavadas, 2002 for a review). 

This double dissociation was further confirmed by neuroimaging (Weiss et al., 2000, 2003), 

neurostimulation (Bjoertomt et al., 2002; Lane et al., 2013), and electrophysiological (Valdés-

Conroy et al., 2014) studies on healthy participants, suggesting that whereas performing tasks in the 

near space involves the dorsal visual system, when tasks were completed in the far space the ventral 

system is involved instead.  

A growing body of evidence suggest that peripersonal space can be considered as a dynamic 

and flexible concept (e.g. Clery et al., 2015) with boundaries that can be influenced by manipulating 

sensory-motor functions and abilities, such as experiencing tool use (Berti & Frassinetti, 2000; 

Farné & Làvadas, 2000; Holmes, 2012; Maravita & Iriki, 2004; Longo & Lourenco, 2006) or 

precluding/altering participants possibility to act, for example asking participants to carry wrist 

weights (Lourenco & Longo, 2009) or a heavy backpack (Proffitt et al., 2003). Similar results were 
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obtained comparing peripersonal space perception with amputees wearing or not their prosthetic 

limb (Canzoneri et al., 2013) and with blind individuals handling or not their cane (Serino et al., 

2007). Also body illusions and not only the direct manipulation of objects are able to influence 

space perception (Maister et al., 2015) even when the other body belongs to a non-human but to a 

virtual avatar (Noel et al., 2015). 

Peripersonal space perception is also influenced by higher cognitive functions as object’s 

ease of grasp (Linkenauger et al., 2009), object’s affective valence (Coello et al., 2012; Valdés-

Conroy et al., 2012), social context and interactions (Teneggi et al., 2013), individual goals 

(Brozzoli et al., 2010). Also participants features and traits such as age (Bloesch et al., 2013), 

pathology (Park et al., 2009) and claustrophobic fear (Hunley et al., 2017) are able to affect 

participants space representation. 

Behavioural studies suggested that participants are faster in performing motor actions (such 

as grip movements) when objects are located in the peripersonal space (Costantini et al., 2010). 

Participants are also faster to discriminate if they can reach an object or not when it is presented in 

the peripersonal compared to the extrapersonal space (Valdés-Conroy et al., 2012).  

Only few studies focused on the effects of object presentation in peripersonal and 

extrapersonal space on corticospinal excitability, as measured by MEPs. Franca et al. (2012) 

suggested that corticospinal excitability is modulated by the presentation of familiar and graspable 

objects (Franca et al., 2012), but only when TMS pulses were delivered 120 ms from object’s 

presentation. 

Cardellicchio and colleagues (2011) recorded MEPs during the virtual presentation of a 

graspable (mug) vs a non-graspable (cube) objects which could appear in peripersonal (30 cm) and 

extrapersonal (150 cm) horizontal space. MEPs were higher when the graspable object appeared in 
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participants’ peripersonal space, compared to the presentation of either a non-graspable object or of 

a graspable object in the extrapersonal space. 

Traditionally, studies regarding space perception were conducted considering only the 

horizontal axis (Rossetti et al., 2015). For instance, effects of tool use in peripersonal space 

representation were investigated only on the horizontal plan.  

Only few recent studies manipulated object presentation also along the vertical axis, but 

with different aims and specific hypothesis.  

In Rossetti et al. (2015), for instance, Skin Conductance Response (SCR) was recorded in 

order to investigate the autonomic response to painful stimuli in the peripersonal space and test the 

possibility to trace its plastic changes (i.e. after tool use) by using this physiologic and automatic 

measure. Authors showed that pain anticipatory responses were significantly lower when 

threatening stimuli were presented far from the hand: SCR was higher when the needle actually 

touched the hand, but it was also higher for the positions immediately near to the hand compared to 

the far distance. Of interest for the purposes of tour study was that an overall greater response was 

found when stimuli were delivered along the vertical axis. Regarding this latter effect, the author 

argued that stimuli delivered along vertical axis were perceived as closer to the rest of the body and 

suggested that space representation might be different between horizontal and vertical space.   

 

5.2.2 Power concept and manipulation  

 

Power, that is the ability to act in an effective way in the environment and to influence 

people through resources control, has a strong transformative effect on relationships and cognitive 

functions (Fiske, 1993; French et al., 1959; Keltner et al., 2003; Magee & Galinsky, 2008). Indeed, 

power can affect our thoughts, feelings and behaviours by leading to higher perceived control over 
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social events (Fast & Cheng., 2009) and enhancing executive functioning (Smith et al., 2008). 

Behavioural studies also suggested that experiencing power promotes action, risk taking, and 

competitive interpersonal exchange (Anderson & Galinsky, 2006; Galinsky et al., 2003; Magee et 

al., 2007).  

Our everyday language is full of words referring to size and height for describing power 

relationships (e.g., “at the top of the ladder”; "Royal Highness") and such metaphors influence both 

physical experience and the visual perceptual system (Duguid & Goncalo, 2012; Schubert, 2005; 

Yap et al., 2013). Research on embodied cognition also suggested that linguistic metaphors are not 

simply communication devices, but instead represent abstract concepts grounded in sensorimotor 

experience, or with other words, thinking about abstract concepts implies the activation and the 

simulation of the sensations and perceptions relevant to metaphor (Barsalou, 2008; Semin & Smith, 

2002; Williams & Bargh, 2008; see also Jostmann et al., 2009).  

In line with this evidence, recent research focused on the symbolic link between power and 

space representation (Chiao et al., 2009; Chiao et al., 2010) and specifically to the idea that 

verticality is used when encoding concepts associated to power. For example, Schubert (2005) 

suggested that we are quicker to identify powerful groups when they are described as higher, rather 

than lower, than other groups. In the same way, Giessner & Schubert (2007) showed that leaders are 

judged to be more powerful with a longer vertical line compared to a shorter one. Power experience 

causes a misperception of the social targets physical size (Yap et al., 2013): indeed, powerful 

individuals are likely to underestimate other’s height, while powerless overestimate it. Duguid & 

Goncalo (2012) showed that the psychological experience of power also affects individuals’ 

subjective sense of height: when people felt powerful they perceived themselves as taller.  

Although these studies revealed that at the behavioural level the psychological experience of 

power influence individuals’ subjective sense of height, the neurophysiological counterpart of this 

phenomenon has not been addressed so far and no prior studies have tested whether changes of self-
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perception due to experiencing power might be the consequences of traceable modifications of own 

body schema.  

The present research aimed to extend prior behavioural studies on the psychological 

experience of power into the domain of perceptual experience, exploring whether feeling powerful 

lead people to modify own body schema and thus the surrounding space perception. If feeling 

powerful leads to a modification of own body schema by overestimating own height, this change 

should in turn influence the representation of the surrounding space, by slightly modifying the 

boundaries of peripersonal space along the vertical axis. We then reasoned that corticospinal 

excitability modulation induced by an object presentation at different positions along the vertical 

axis could be a valuable way to trace and prove such change in body schema induced by power 

experience. In particular, we hypothesized that in condition of power experience, corticospinal 

modulation as measured by MEPs will show a remapping of the peripersonal space such to include 

also the nearer portion of the extrapersonal space. In other words, whereas in no power condition a 

difference in MEPs is expected between object presentation in the peripersonal and extrapersonal 

space (Cardellicchio et al. 2011), in high power condition this difference should be abolished or 

reduced. 

 

5.2.3Methods 

 

Participants 

55 right-handed healthy students (18 male, Mage = 23.1, SD = ±2.5, mean laterality 

coefficient .81 ± 0.16). Participants completed the Adult Safety Screening Questionnaire (Keel et 

al., 2001) and gave informed written consent before to start with the experiment. We excluded 

participants with any contraindication for TMS (Rossi et al., 2009).  
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The study was approved by the local Ethics Committee (protocol number: 208) and was in 

accordance with the ethical standards of the revised Helsinki Declaration. 

 

Power Manipulation 

Emotional state was manipulated by randomly assigning participants to three experimental 

conditions and asking them to remember an event of their life (Galinsky et al., 2003; Lammers et 

al., 2017) varying for the specific content: high-power, low-power and control conditions.  

 

To elicit high power experience we gave participants the following instruction: 

"Please recall an episode of your life in which you felt powerful. Specifically, we ask you to 

think to an occasion in which you felt competent, to be able to influence others or events, or an 

episode in which you excelled or had taken a position of high status. Please describe the situation, 

the dynamic, as well as the emotions and the feelings you experienced on that occasion". 

 

To elicit low power experience we gave participants the following instruction: 

"Please recall an episode of your life in which you felt powerless. Specifically, we ask you to 

think to an occasion in which you felt incompetent, to be influenced by others or events, or an 

episode in which you felt weak and had taken a position of submission. Please describe the 

situation, the dynamic, as well as the emotions and feelings you experienced on that occasion". 
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In the control condition we tried to induce positive feelings without explicitly referring to 

power: indeed powerful feelings always elicit positive mood, so we aimed at disentangling  the 

effect of power per se from that of positive mood in general. 

To elicit positive feelings we gave participants the following instruction: 

"Please recall an episode of your life in which you felt relaxed. Specifically, we ask you to 

think to an occasion in which you felt happiness, serenity, or an episode in which you felt at ease 

and peaceful. Please describe the situation, the dynamic, as well as the emotions and feelings you 

experienced on that occasion". 

 

Manipulation of distance 

Distance was manipulated by changing the position of a real pencil sharpener in the space. 

The pencil sharpener was chosen because it is a graspable and familiar tool and it was already used 

in Franca’s et al. (2012) paradigm. 

The pencil sharpener was hung over participants’ head with a hook on the ceiling, using a 

transparent nylon wire.  

The different heights at which the pencil sharpener could be suspended were obtained by 

fixing the other wire end to five different nails which were vertically distributed on the wall and 

were not visible to participants.  

We established five different positions: two in the peripersonal space, where the pencil 

sharpener was easily graspable by participants by simply stretching their arms, two in the 

extrapersonal space, where the pencil sharpener was not reachable anymore. 
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By fastening the wire to one of the five nails, from the lower to the upper one, the pencil 

sharpener could be set at all the five different positions during the experimental session and each 

position has 5 cm of distance to the other one.  

Before starting the experimental session, participants sat on a height-adjustable chair and the 

midline position of the pencil sharpener was established for each subject. the pencil sharpener was 

fixed at the nail in the mid position on the wall, and the chair’s height was adjusted for each 

participants such to be the maximal distance at which they could grasp the pencil sharpener, by 

stretching completely their own arm, but holding the shoulder leaning against the back of the chair. 

With this procedure the midline distance was individually established in relation to the length of the 

subjects’ arm and it delimited the area of the reachable space. It’s worthy to note that this was the 

only pencil sharpener’s position that the participants actually experimented as graspable (see Fig 1 

for a graphical representation of our experimental setting). 

Fig 1 shows our experimental setting: in the example on the left participants heard the word “red” and had to 

imagine the hung pencil sharpener as red. In the picture on the right participants heard the word “touch” and 

had to imagine to touch it. Two different height are represented in the picture: on the left the object was 

placed in the furthest position (extrapersonal 2) on the right it was placed in the nearest one (peripersonal 1). 

 

 

Experimental procedure 

After the assessment of the midline position of the pencil sharpener, we placed the 

electrodes on the right hand. Specifically, we placed the active electrode on FDI muscle belly and 



96 
 

the reference electrode over the metacarpo-phalangeal joint of the index finger, then TMS hotspot 

and motor threshold were assessed. 

The entire experiment was composed by five different blocks of 40 trials each, for a total of 

200 TMS delivered pulses. Each block corresponded to a different position of the pencil sharpener. 

The order of the positions along the experiment was randomly changed across participants. 

During each trial participants heard one of ten randomized acoustic stimuli: five were motor 

verbs (rotate, use, draw, take, touch) five were related to perceptual features (blue, red, green, cold, 

hot). We asked to participants to observe the pencil sharpener and imagine each word related to it: 

for instance, if they heard the word “take” they had to imagine to grasp the object, if they heard the 

word “red” they had to imagine a red pencil sharpener. TMS pulses were randomly delivered at an 

interval of 150–300 ms from the acoustic stimulus and MEPs were recorded. This procedure was 

useful to be certain that participants were paying attention to the object at the moment of the 

stimulation. Moreover, we were interested in investigating whether perceptual vs motor words and 

imagination triggered differences in corticospinal excitability.  

Between one block and the following one participant’s eyes were briefly covered so that the 

experimenter could change the pencil sharpener position.  

Before to start with the first block we asked participants to remember and speak about the 

life event corresponding to the condition they were assigned to. 

During the experiment, at the beginning of each session participants were asked to 

remember for a minute the episode they recalled at the beginning of the experiment, thus allowing 

us to keep their recalling salient.  

To check the efficiency of our manipulation, at the end of the experiment participants were 

asked to indicate the extent to which they feel power on eight items (i.e., "I feel...influential", 
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"powerful", "important", α=.94). Participants provided their answers on 7-point likert scales ranging 

from 1 (not at all) to 7 (extremely). 

At the end of the experiment we asked participants to evaluate for each position if they 

could or could not grasp the object. 

The auditory stimuli and the TMS stimulation were controlled by E-Prime 2 Software. 

 

TMS and EMG recordings 

TMS pulses were delivered using Eximia TMS stimulator (Nexstim™, Helsinki, Finland) 

using a focal bi-pulse figure-of-eight 70-mm coil in the optimal position described for the previous 

studies (Brasil-Neto et al., 1992; Mills et al., 1992). The coil was moved over left M1 and hotspot 

and motor threshold were individually assessed. 

TMS pulses were then delivered at 110 % of motor threshold (Loporto et al., 2013) and 

MEPs were recorded from the right FDI muscle with the same procedure previously described (see 

2.2.2 TMS and EMG recordings, page 19). 

We used the NBS Nextim neuronavigation system to monitor the coil-position during the 

experiment thus preventing any change in stimulation site due to small movements of participant’s 

head during data collection (Sartori et al., 2013). 

 

Results 

Power Manipulation Check 

We created a dependent variable labeled power index by averaging the eight items included 

in the manipulation check described at page XXand a one-way analysis of variance (ANOVA) was 



98 
 

carried out using Condition (high power, low power, and control) as between subject factor. 

Condition’s effect was significant F(2, 54)=12.9, p<.001, d=2.1; post-hoc analysis with Bonferroni 

correction indicated that participants in the high power condition reported significantly higher 

power feelings compared to both control (p=.04) and low power conditions (p<.001); in addition, 

participants assigned to the control condition experienced higher powerful sensations than subjects 

assigned to the low power one (p=.04). 

 

Preliminary analyses  

We excluded from analysis trials with EMG activity greater than 100 μV in the 100 ms 

before TMS thus avoiding MEPs contamination by background activity and MEPs smaller than 100 

μV or with a latency inferior to 5 ms (Sartori et al., 2013). We measured off-line the peak-to-peak 

MEPs amplitude and for each block outlier trials (±2 SD from the individual mean value) were 

removed from subsequent analysis. With this procedure we discharged the 6.8% of MEPs. The 

remaining MEPs were normalized using natural logarithm.  

Then for each participant we coded if the five pencil sharpener positions were perceived as 

subjective reachable or not reachable (in the following sections this variable will be labeled 

Perceived Distance). 

 

EMG Results 

A linear mixed model was run to analyze the effects on MEPs amplitude of the within 

subjects factors Distance (2 levels: reachable vs unreachable), Perceived Distance (2 levels: 

subjective reachable vs subjective not reachable) and Word (2 levels: motor vs. perceptual) and of 
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the between subjects factor Condition (3 levels: high power, low power, control) with subject 

intercept as random factor and controlling for the experienced power.  

Statistical analyses were performed by using SPSS 24 and post-hoc interactions were tested 

with Bonferroni correction. 

The main effect of Word (p = .97) and its interaction with the other three factors (ps > .59) 

were not significant, so we collapsed data across this factor.   

The main effect of Condition, F(2,50) = 1.97, p =.150, Distance, F(1, 9348) = 4.13, p =.305 

and Perceived Distance, F(1,9230) = .010, p = .922 were not significant. Interestingly, results 

showed a significant interaction between Condition and Distance, F(2, 9349) = 3.89, p = .021: in the 

control (p=.021) and low power conditions (p=.025) MEPs amplitude was significantly higher when 

the object was located in the extrapersonal compared to the peripersonal space , whereas in the high 

power condition there was no difference between peri and extrapersonal  object’s position (p=.137). 

See Fig. 2 for the interaction results. 

 

Fig. 2 shows MEP log-amplitude mean for peripersonal and extrapersonal space for the three experimental 

conditions (high power, low power, control). Error bars represent +/- SE. Asterisks indicate significant 

differences. 
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The interaction between Distance and Perceived Distance was significant, F(1,9349) = 14.9, 

p<.001: when the object was in the extrapersonal space MEPs were smaller if participants perceived 

it as reachable than when they perceived it as not reachable (p=.024). At the same time, when 

participants thought the object was unreachable, MEPs were higher if the object was actually in the 

extrapersonal space compared to the peripersonal one (p=.003). See Fig.3 for the interaction results. 

 

Figure 3 shows MEP log-amplitude mean for peripersonal and extrapersonal space for subjective reachable 

vs subjective unreachable heights. Error bars represent +/- SE. Asterisks indicate significant differences. 

 

Results showed also a significant three-way interaction between Condition, Distance and 

Perceived Distance F(2, 9348) = 3.76, p=.023. 

Only in the high power condition, when the pencil sharpener was in the extrapersonal space, 

MEPs were smaller when participants thought they were able to reach it compared to the condition 

in which they thought they were not able to do it (p=.006). In the control condition with the positive 

event, when the object was in the peripersonal space MEPs were smaller when participants thought 
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they could not reach it compared to when they thought they were able to reach it (p=.031). See Fig. 

4 for the three-way interaction results  

 

Fig. 4 shows differences between the three experimental conditions in MEP log-amplitude mean for 

peripersonal and extrapersonal space and subjective reachable vs subjective unreachable heights. Error bars 

represent +/- SE. Asterisks indicate significant differences. 

 

5.2.4 Discussion  

Our present study aimed at identifying a neurophysiological signature and an implicit 

measure of the  phenomenon of overestimating own height when experiencing power. We used the 

affordance effect and the modulation of corticospinal excitability induced by an object position in 

the space to assessed whether the experience of power was able to modify own body schema and 

consequently affect participants’ surrounding space representation. In our initial hypothesis we 

predicted that power experience would affect individual’s sense of height and thus body schema, 

modifying the boundaries between peri-and extrapersonal space in the vertical plane. To test this 

hypothesis, we manipulated participants’ sense of power randomly assigning participants to a high 

power, a low power and a control – positive conditions, and employed a TMS-EMG co-registration 
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approach to assess corticospinal excitability during the view of an object positioned in the vertical 

peripersonal and extrapersonal space.  

Our findings showed an interaction between distance and condition: in the control and in the 

low power conditions MEPs were higher in the extrapersonal compared to the peripersonal 

positions, while in the high power condition MEPs did not differ between peripersonal and 

extrapersonal positions. 

We interpreted this pattern suggesting that recalling a powerful event can induce a change in 

body schema and consequently to the surrounding space representation that is observable also at the 

corticospinal level and might arise from a remapping of peripersonal space boundaries. In our 

opinion, in the high power condition, the pencil sharpener placed in the extrapersonal positions was 

implicitly perceived as reachable, whereas when we explicitely asked to participants whether they 

were able or not to reach the object (perceived distance) the logistic regression did not show 

differences among the three groups (p=.929). 

The perception of own height falls into the proprioceptive knowledge belonging to the 

domain of body schema. Body schema and surrounding space representation in turn are tightly 

interconnected, i.e. modification of former might affect the latter, as it has been shown for instance 

by incorporating a tool (e.g. Maravita & Iriki, 2004; Pazzaglia et al., 2013) or after a surgery (e.g. 

Di Russo et al., 2006).  

Noteworthy, body schema and peripersonal space are often overlapping concepts (Holmes & 

Spence, 2004; see Cardinali et al., 2009 for a critical discussion). The experimental procedure in the 

present study does not allow us to disentangle whether the modulation of corticospinal excitability 

was due to a change in the body schema and/or in the peripersonal space processing. Although clear 

evidence is not yet available and future studies might aim at disentangling between the two, we 

speculated that a modification in space representation might be ascribed to a change in own body 
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schema, since behavioural studies suggested a symbolic association between power and verticality 

(Schubert, 2005; Yap et al., 2013), showing that the psychological experience of power influences 

individuals’ subjective sense of height, thus inducing people who experience power to actually 

overestimate their own height (Duguid & Goncalo, 2012).   

Looking to literature studies, a possible point of discussion is that more than power per se 

what modulated corticospinal excitability was the positive valence induced by positive emotions.  

To rule put this hypothesis we included a control condition in which we asked participants to 

recall a positive but not power related event, that allowed us to disentangle the power effect from 

that of a positive valence event: MEPs pattern in the control condition did not differ from the low 

power condition. To the best of our knowledge, this is the first study in which a powerful condition 

is directly compared to a positive valence one. 

Results showed an interaction between distance and perceived distance that, although being 

outside the direct aim of the present study, rise a certain interest and allow some speculations. In 

our experimental paradigm, the peripersonal space (including the midline position) and 

extrapersonal space were objectively established by assessing the midline position as the fairest 

point at which the participants could reach the object by stretching their arm. Therefore, our 

distinction between peripersonal and extrapersonal was objective. By asking our participant to state 

for each of the 5 positions whether they perceived the object as reachable or not, we assessed 

instead a subjective and aware perception of peripersonal and extrapersonale space, with boundaries 

that did not entirely coincide with those of the objective peripersonal and extrapersonal space. 

Noteworthy, in our experiment design all the positions were within 10 cm up or low the midline 

position. Therefore, participants could not clearly perceive each distance as reachable or not and 

accordingly made incorrect judgements about the possibility to reach the object. We chose this 

distance manipulation because we thought that if a person remaps the external space on his power 

feelings basis, this remapping would take place in a twilight zone rather than for distances clearly 
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attainable or unattainable. Interestingly, within the objective peripersonal space, MEPs were 

reduced, regardless of being perceived as reachable or not. The reduction of corticospinal 

excitability for object in the closest portion of space could be explained as an automatic effect of 

freezing-like reaction toward stimuli potentially dangerous (Avenanti et al., 2012; Makin et al. 

2009; Serino et al., 2009) because approximating to the body. The automaticity is suggested by the 

fact that subjective perception does not influence such mechanism, indeed MEPs are reduced when 

objectively in the peripersonal space, even though the object is erroneously perceived as not 

reachable i.e. belonging to the subjective extrapersonal space. On the contrary, when objects are in 

the objective extrapersonal space, the subjective evaluation seems to play a role, since the MEPs are 

reduced if an object is misleadingly considered as reachable, suggesting a top-down influence on 

the mechanism from aware and subjective perception of peripersonal space. Future research is 

needed to further corroborate these suggested explanations.  

We also found an interaction among condition, distance and perceived distance: indeed, only 

in the high power condition the pencil sharpener placed in the extrapersonal space induced smaller 

MEPs if participants believed they could reach it. Again, this result confirms the above mentioned 

mechanism, adding that in power condition is more likely that subjective and objective 

extrapersonal space representations diverge, further corroborating our main result.     

Taken together our results extend previous behavioural works on how psychological 

experience of power influences individuals’ self-perception and subjective sense of height, 

providing an implicit measure of power feelings affect our surrounding space representation, likely 

arising from a body schema modification.   

An unexpected result of our data is the fact that MEPs were higher in the extrapersonal vs 

peripersonal space. As discussed before, this corticospinal excitability reduction in peripersonal 

space could be due to a defensive reaction because object nearly suspended over the head can be 

perceived as unsafe. However, it is worth to note that this result is in a opposite direction of what 
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has been reported in literature (Cardellicchio et al., 2011), even if only the horizontal axis has been 

assessed. 

To further address the existence of a possible dissociation between near and far space and to 

corroborate our results, we run a control experiment by recruiting 40 new participants and randomly 

assigning them to a horizontal and vertical distance manipulation. 

 

5.3 Control experiment: corticospinal excitability on vertical and horizontal plan  

 

5.3.1 Methods 

 

Participants 

We recruited for the study 40 healthy students (13 male, Mage =22.6, SD = ±1.6). 

Participants were right-handed according to the Edinburgh Handedness Inventory (Oldfield, 1971, 

mean laterality coefficient .81 SD = ± .14). 

Participants completed the Adult Safety Screening Questionnaire (Keel et al., 2001) and 

gave informed written consent before to start with the experiment. We excluded participants with 

any contraindication for TMS (Rossi et al., 2009).  

The study was approved by the local Ethics Committee (protocol number: 208) and was in 

accordance with the ethical standards of the revised Helsinki Declaration. 

 

Manipulation of distance 
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Participants were randomly assigned to the vertical or the horizontal conditions. The only 

difference with the first study was that we decided to use the midline position only to set the right 

distance with the object and we did not record MEPs in this position. 

For the vertical condition the pencil sharpener was hung over participants’ head with a hook 

on the ceiling, using a transparent nylon wire. The different heights at which the pencil sharpener 

could be suspended were the same of the main experiment, still obtained by fixing the other wire 

end to five different nails which were vertically distributed on the wall and were not visible for the 

participants.  

For the horizontal condition, instead, the pencil sharpener was hung in front of the 

participants trunk midline by means of a cane positioned on the ceiling, hang to a transparent nylon 

wire, as for the previous condition. We marked the with five nicks at steps of 5 cm. By moving the 

wire along the cane, the pencil sharpener could be allocated at the five different positions for the 

horizontal plane during the experimental session. 

In both cases we had five different positions: two in the peripersonal space, with the pencil 

sharpener easily graspable by participants by simply stretching their arms, two in the extrapersonal 

space, with the pencil sharpener not reachable anymore and the midline condition, used at the 

beginning of the experiment to set the correct distance between participants and objects. 

 

Procedure and TMS-EMG recordings 

We followed the same procedure than Study 1 except that in this case participants were not 

asked to recall any life event. 

TMS-EMG recording were performed in the same way than experiment 1. 
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Results 

Preliminary analysis 

MEPs preprocessing followed the same procedure of the previous study, leading to a 13% 

discharged MEPs. The remaining MEPs were normalized using natural logarithm.  

A linear mixed model was run to analyze the effects on MEPs amplitude of the within 

subjects factors Distance (4 levels: peripersonal 1 & 2, extrapersonal 1 & 2), Word (2 levels: motor 

vs. perceptual) and of the between subjects factor Axis (2 levels: horizontal vs vertical) with subject 

intercept as random factor.  

Statistical analyses were performed by using SPSS 24 and post-hoc interactions were tested 

with Bonferroni correction. 

The main effects of Axis F(1,37) = .61, p =.44 and Word (1,6644) = .26, p=.608 were not 

significant. 

 The main effect of Distance (3,6644) = 4.15, p=.002 was significant: the trend with smaller 

MEPs in peripersonal 1 as compared to extrapersonal 1 (p=.066) positions reached significance in 

the comparisons among peripersonal 2 and extrapersonal 1 (p=.022); extrapersonal 2 elicited 

smaller MEPs as compared to extrapersonal 1 (p=.001). 

Crucially the interaction between Distance and Axis was significant F(3,6644)=4.99, 

p=.001: post-hoc analysis highlighted that for vertical manipulation MEPs were smaller in the 

comparison among peripersonal 1 as compared to extrapersonal 1 (p=.01) and 2 (p=.044) positions 

and among peripersonal 2 as compared to extrapersonal 1 (p=.044). On the horizontal manipulation, 

instead, only MEPs in the extrapersonal 2 position (the one farer from participant’s trunk) were 

smaller as compared to all the other conditions (p<.01). Fig. 5 shows MEPs differences among the 

four positions on the vertical plan and Fig. 6 differences on the horizontal one. 



108 
 

 

 

Fig. 5 shows MEP log-amplitude mean for the four positions on the vertical plan. Error bars represent +/- SE. 

Asterisks indicate significant differences. 
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Fig. 6 shows MEP log-amplitude mean for the four positions on the horizontal plan. Error bars represent +/- 

SE. Asterisks indicate significant differences. 

 

Interestingly, also the interaction between Axis and Word was significant F(1, 6644) = 5, p 

=.025: MEPs amplitude was influenced by the type of word only in the horizontal condition, with 

higher MEPs when the word was related to an action compared to a perceptual one (p=.055). See 

Fig. 7 for interaction results. 

 

Fig. 7 shows MEP log-amplitude mean for motor and perceptual words in the vertical vs horizontal space 

manipulation. Error bars represent +/- SE. Asterisks indicate significant differences. 

 

To conclude, the interaction between Distance and Word F(4,6644)=1.06, p=.375 and the 

three way interaction among Distance Axis and Word were not significant F(4,6644)=.03, p=.889. 

In this experiment we ran a logistic regression with Axis and Distance as fixed factors and 

the accuracy on perceived distances as dependent. The main effect of Distance was significant, 
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F(3,185)=5.95, p<.001, post-hoc analysis showed that accuracy was worst in the extrapersonal 1 

condition compared to all other condition (all p<.05). See Fig. 8 for the logistic regression results. 

 

Fig. 8 shows Accuracy responses on perceived distance. Error bars represent +/- SE. Asterisks indicate 

significant differences. 

 

5.3.2 Discussion 

 

The aim of the control experiment was to deeper investigate whether corticospinal 

excitability was differently modulated by manipulating the pencil sharpener distance along the 

vertical vs horizontal plan. 

40 right-handed neurologically unimpaired subjects participated in the study and received 

single-pulse TMS over left M1 while MEPs were recording from the right FDI. 
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Participants were asked to look at a hung pencil sharpener which distances were 

systematically manipulated across the experiment. For 20 participants the pencil sharpener was 

moved along the vertical axis, while for the other half the position was changed along the horizontal 

one. 

Interestingly we found an interaction between Axis and Distance: while for vertical axis our 

findings were consistent with the first experiment, i.e. MEPs were smaller in the two peripersonal 

conditions as compared to the furthest ones, at the contrary on the horizontal axis MEPs were 

smaller only in the furthermost position as compared to the other four distances. As shown in Fig 9, 

on the basis of MEPs amplitude and assuming that similarities and difference on MEPs outline 

space representation borders – object positions within the same space representation (peri- vs extra-

personale space) induce similar MEPs and, viceversa, difference in MEPs’ amplitude should 

indicate that positions belongs to different space representations- it could be argued that the 

peripersonal space is larger in the horizontal vs vertical axis. Since what makes the distinction 

between the two space representation is object reachability, this result suggests that a larger space of 

action and reachability is conceived for the horizontal than the vertical plane, likely due to the 

familiarity with actions executed in front of us rather than over our head. 
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Figure 9 shows results of the interaction between Axis and Distance 

 

Previous behavioural and neurophysiological studies in which the distance between 

participants and stimuli has been manipulated are consistent in suggesting a higher corticospinal 

excitability when the stimulus was presented in participants’ peripersonal space (Cardellicchio et 

al., 2011; Buccino et al., 2009).   

To the best of our knowledge, all studies in which a manipulation of distance similar to our 

procedure has been applied, used a manipulation along the horizontal plan. Accordingly, to these 

evidences, we can suppose that our data on the horizontal plan are consistent with previous work, 

thus suggesting a facilitation when objects are presented in the reachable space vs not reachable 

space. It is possible that participants recognized only the furthermost position as really not 

reachable, thus influencing motor facilitation, as suggested by the analysis of the explicit perceived 

distance and in line with what discussed in the previous paragraph. 



113 
 

When the manipulation of distance was along the vertical axis, the pattern was reversed: 

MEPs were higher when pencil sharpener distance increased (i.e. in extrapersonal 1 and 

extrapersonal 2 conditions) compared to the two peripersonal distances. These results are not 

consistent with both literature on distance manipulation on the horizontal plan and studies about 

motor facilitation induced by object’s sight. 

To the best of our knowledge, however, no previous studies investigated how changing 

distances on the vertical axis affected motor facilitation. We here propose some possible 

explanations about this phenomenon, which we are now deeper investigating in our lab. 

Our first hypothesis is that we perceive and code differently objects presented along the 

vertical vs horizontal plans. This hypothesis is partially supported by some neuropsychological 

findings in which some patients with unilateral spatial neglect also showed on patients with 

altitudinal spatial neglect  (Pitzalis et al., 1997, 2001; Shelton et al., 1990; Mennemeier et al., 1992; 

Adair et al., 1995; Lavadas et al., 1994).  Usually patients with unilateral visuo-spatial neglect 

ignore information from the controlesional hemisphere, usually the left side as a result of a lesion of 

the right hemisphere (Bisiach & Vallar, 1988). Adair and colleagues (1995), for example, described 

a patient who showed selective bias for stimuli presented in the upper visual hemifield. At the 

opposite, Lavadas and colleagues (1994) and Pitzalis et al. (1997) described patients with stronger 

attentional deficit for stimuli in the lower hemifield. The presence of different deficits along the 

longitudinal plan suggest the possibility that horizontal and longitudinal axis are coded and 

represented at least partially in different ways.  

Another compelling hypothesis, suggested discussing the results of the main study, is that 

MEPs amplitude decrease in the two peripersonal vertical positions was due to a freezing-like 

effect.  
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Freezing effect is an inhibitory modulation of corticospinal excitability traceable across 

different conditions, such as presentation of salient stimuli (Tamburin et al., 2001; Farina et al., 

2001; Urban et al., 2004), loud acoustic stimuli (Furubayashi et al., 2000), unexpected visual flashes 

(Cantello et al., 2000) and visual stimuli depicting pain in others (Minio-Paluello et al., 2006; 

Fecteau et al., 2008; Avenanti et al., 2009 ) . 

Crucially freezing effects have been described for visual approaching (Makin et al., 2009) 

and auditory (Serino et al., 2009; Avenanti et al., 2012) stimuli presented near or far from the hand   

In an interesting work Serino and colleagues (2009) presented an auditory stimulus either 

near the hand, with a loudspeaker placed ̴ 5 cm from the right hand which corresponded to ̴ 60 cm 

from participant’s head, or far, with a second loudspeaker placed ̴ 100 cm away to the first one 

which corresponded to ̴ 165 cm to participant’s head. TMS pulses were randomly delivered at 50 

ms or 300 ms after sound presentation. MEPs recorded 50 ms in the near-sound condition were 

higher as compared to far sounds, but at 300 ms this pattern was reversed showing higher MEPs in 

the far-sound condition. Authors interpreted these results suggesting that the early facilitation 

induced by near-sound presentation could reflect an urgent motor reaction, while at 300 ms the far 

stimulus could require a motor response thus influencing corticospinal excitability. 

Avenanti and colleagues (2012) used the same paradigm by delivering TMS pulses 50, 175 

and 300 ms after sound presentation. Corticospinal excitability resulted inhibited when sounds were 

presented near the hand as compared to their farer presentation. 

Makin  et al. (2009), instead, recorded MEPs during a simple visuo-motor task in which a 

virtual task-irrelevant distracting ball could approach the hand (above the middle finger), be 

directed far from it (30 cm) or appear in a static position. Results showed that MEP amplitude was 

reduced when the ball approached the hand compared to when the distractor was moving far from 

it. No modulation was found for the presentation of static distractors as compared to the baseline 
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condition. Authors proposed that the freezing effect could be the result of a defensive response to 

threatening and potentially harmful approaching objects. 

These studies are not overlapping with our paradigm: first our object was static and was not 

moving, secondly our participants were not involved in a primary task, but instead the pencil 

sharpener was the focus of the experiment, indeed participants had to imagine to perform actions or 

features of it, third the object was always visible. However, the pencil sharpener was hung over 

participants’ head, who could perceive it as instable and they could feel as it could at every moment 

fall on them, thus inducing a freezing-like effect. We did not explicitly ask our participants whether 

they perceived the pencil sharpener as a threat, instead we asked them whether they perceived to be 

able to reach the object or not for each of the five distances. 

Interestingly, the first extrapersonal position, i.e. the one in the no-reachable space nearer to 

participants, was wrongly classified by half of participants as reachable (mean accuracy = 57.9%). 

Distance explicit esteems were more accurate for the extrapersonal 2, which was accurately 

discriminate as not reachable by the 82.1% of participants, peripersonal 1 and 2, which were 

accurately discriminated as reachable by the 97.1% and 95.9% of participants, respectively. These 

results are in line with our previsions and distance manipulation: the extrapersonal1 position was 

just 5 cm above the midline position, which was the extreme position in which participants were 

able to grasp the object, so with only a small movement participants would have been able to reach 

it. 

Another possible explanation of our data, however, concerns the concept of motor planning 

and of the required effort necessary to perform an action. Motor execution, motor imagery and 

action observation have been shown to rely on a similar cortical network (Jeannerod, 2001). Both 

neuroimaging (e.g. Decety & Jannerod, 1996; Guillot et al., 2007) and neurophysiological studies 

(Alaerts et al., 2010; Mizuguchi et al., 2013) suggested that effort and force are represented at the 

cortical level (You & Cole, 1992; Carroll et al., 2006; Lee & Carroll, 2007). Specifically TMS 
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studies measuring corticospinal excitability during imagined actions (e.g. Helm et al., 2015) showed 

an increase in MEPs amplitude for effortful movements, suggesting that imagining a movement 

which requires higher effort also recruits more interneurons in M1, thus influencing MEPs size 

measured in the target muscle (Reis et al., 2008).  

This hypothesis, however, is able to explain only our results for the vertical axis, along 

which MEPs were higher for extrapersonal as compared to peripersonal positions, while along the 

horizontal axis the pattern was reversed.  

 

An interesting result is MEPs difference for auditory stimuli presentation: for the vertical 

axis motor vs perceptual words did not elicit differences in MEP amplitude, at the contrary for 

horizontal axis MEPs were higher after motor stimuli, that is when participants imagined to perform 

action on the pencil sharpener.  

Neuroimaging studies provided converging evidence on motor areas activation induced by 

action word presentation (e.g. Hauk et al., 2004; Rüschemeyer et al., 2007), while 

neurophysiological works showed mixed results, suggesting sometimes a reduction of MEPs size 

for sentences expressing hand and foot actions compared to abstract content sentences (Buccino et 

al., 2005) and sometimes higher corticospinal excitability (Oliveri et al., 2004; Fadiga et al., 2005). 

We can speculate that this facilitation limited to the horizontal plan could be due to a 

predominant way of interaction with the external word: indeed, we are more used to interact with 

objects placed in front of us compared to objects above us. With this perspective in our 

experimental paradigm the horizontal axis could be considered as the more ecological. 

However, a main limit of the present study is that we did not recorded a baseline condition, 

thus we can’t be sure about the direction, in terms of facilitation or inhibition, but we can only make 
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a comparison between our experimental conditions. Moreover, we did not check for muscle-

specificity, but recorded only FDI muscle. 

As a further development of the present study, in our lab we are now testing the same 

paradigm, recording two baseline conditions (at the beginning and at the end of the experiment) and 

checking ADM activity, which should not be involved in precision grasping movements, as a 

control muscle. 
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6. General discussion: MEPs as a measure of human behaviour 

 

Among the type of measures is possible to collect applying TMS over cerebral cortex, MEPs 

represent one of the most valuable, since are a direct output of TMS induced activity, are 

quantifiable and can be easily recorded during task performance. Being a direct measure of 

corticospinal excitability, MEPs have been largely use for clinical purposes to assess the integrity of 

motor pathway (Rossini & Rossi, 2007; Groppa et al., 2012; Rossini et al., 2015; Menon et al., 

2015). In neuroscientific research, MEPs have been primarily used to explore the excitability and 

connectivity as well as the functional properties of the motor system (Barker et al., 1986; Rossini et 

al., 1998; Kobayashi & Pascual-Leone, 2003; Koch et al., 2006). However, MEPs usefulness can go 

beyond the study of motor function.  

In the present thesis several example of how MEPs can be used to make inferences about 

human behaviour and cognition were illustrated. First MEPs were used as a measure of motor 

resonance, which is thought to directly reflect the activity of the HNMs. More specifically, 

corticospinal excitability modulations, measured by MEPs, during economic games allowed us to 

find a neurophysiological marker for known phenomena ruling human economic interactions and to 

test the validity of a famous model, such as Regulatory Focus theory, about the way people react to 

gain and losses. Secondly, still based on motor resonance properties, we tested the presence and 

automaticity of a prejudice toward outgroup members. As a third case, building on the properties of 

corticospinal facilitation induced by affordance, we used MEPs to tap changes in body schema and 

surrounding space perception following the experimental manipulation of participant’s power 

experience. 

On top of being handy and useful, MEPs could also be a misleading measure. The nature of 

MEPs is indeed complex, with several components and generators, and increase in MEPs amplitude 

reflects both cortical and spinal excitability (Reis et al., 2008). 
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As pointed out in the fourth chapter, a main pitfall is a misunderstanding in MEPs results 

interpretation: MEPs amplitude does not allow to derive conclusions about which brain regions are 

involved in the ongoing cognitive processes. Indeed MEPs modulation can be influenced by 

processes occurring not only in the primary motor cortex but also in regions directly or indirectly 

connected to it, through excitatory or inhibitory cortico-cortical pathways. 

Moreover, many variables influence MEPs measurement and not all of them can be 

controlled. Therefore, caution is warranted when interpreting results, and a rigorous study design is 

needed. Hence, in discussing our results our approach is twofold, enthusiastic on one side for the 

potentialities of this measure but also concerned of their limits.  

From a methodological perspective, on top of the specific results of each study, which have 

already been discussed in the corresponding discussion sessions, a hidden “result” to be argued here 

is the enhancement in the procedural knowledge obtained. 

One of the main issue on MEPs use regards comparability across studies. A potential limit in 

comparing studies on MEPs is the baseline choice. As pointed out in a recent review from Naish et 

al. (2014, Supplementary Table) the majority of works on corticospinal excitability during action 

observation highlighted an increasing in MEPs amplitude as compared to a baseline condition. 

However, it is not clear what does the concept of baseline mean: indeed, previous studies applied a 

wide range of possibilities from this point of view, from participants’ eyes being closed (e.g. Jola et 

al., 2012), to a low-level baseline such as the observation of a fixation cross (e.g. Bucchioni et al., 

2013) or a blank screen (Ohno et al., 2011), or a static image depicting a hand or an actor (e.g. 

Aglioti et al., 2008); only a study used a baseline in which a video depicted the beginning of a 

movement (Borroni et al., 2011).  

Connected to the previous point, another crucial issue concerns the way in which data are 

normalized: this measure changes across studies, with MEPs being normalized directly to a baseline 
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condition, for example using a ratio index between the experimental condition and the baseline 

(Hogeveen & Obhi, 2012) and others normalizing MEPs on the average of muscle, block, condition, 

participants (see Naish et al., 2014 for a recent review).  

Stimulation intensity is a variable which strongly impact MEPs generation and amplitude, 

however this issue did not receive a lot of consideration by literature. In the domain of action 

observation studies applied intensities from low (110% of resting motor threshold, e.g. Gangitano et 

al., 2001, 2004; Montagna et al., 2005) to high (130% of resting motor threshold, e.g. Avenanti et 

al., 2005; Aglioti et al., 2008). In a recent study Loporto and colleagues (2013) suggested a motor 

facilitation only with low TMS intensities (110% of motor threshold). 

In the first neuroeconomic study, the baselines consisted of a fixation cross at the center of 

the screen before and after experimental conditions. Aware of the limits of this approach, in our 

second neuroeconomic experiment we employed as a baseline the same videos used in the 

experimental condition, eliminating the crucial experimental manipulated variable (i.e. tokens 

meaning, i.e. in the baseline the upper side was white). From our point of view this is the cleaner 

way to have a baseline condition, allowing to attribute every MEPs modulation to the manipulated 

variables. Similarly, in the study in which we manipulated contextual cues (threatening vs neutral 

sound and ingroup vs outgroup agents) on top of the baseline with a fixation cross, we added the 

neutral condition as a cleaner way to compare corticospinal modulations induced by threat. 

From a statistical point of view, we opted to normalize MEPs by transforming their values 

using logarithm, which is a typical procedure when data are not normally distributed (e.g. 

Barbaranelli et al., 2006). 

Increasing our knowledge about MEPs and their prominent variability at intra but especially 

at inter-individual level, only in the first neuroeconomics study we used a ratio between the mean 

value in the manipulated conditions and the baseline. In the following studies, instead, we applied 
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mixed models to our analysis which, by means of random factors, are able to account for such 

variability, are not constrained by the assumption of independence of measurement and have more 

statistical power allowing the use of all data points instead of a unique mean value (Baayen et al., 

2008). 

To set the appropriate TMS intensity we chose to follow Loporto (2013) guide-lines and in 

all experiments we used the 110% of individual motor threshold to induced MEPs. Moreover, in all 

our experiment we monitored the coil-position during the experiment thus preventing any change in 

stimulation site due to small movements of participant’s head during data collection (Sartori et al., 

2013).   

To conclude, MEPs can be a powerful tool to investigate human behaviour but the 

correctness and the generalizability of their results depends from a deep knowledge about the 

limitations and pitfalls of this measure. 
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