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Abstract 

Observing actions performed by other persons can subsequently influence our own motor 

behaviors. However, it is unknown whether the shadows cast by such actions can also have an 

impact on the observers’ action. Here we show that the mere observation of a cast shadow can 

influence imitative behaviors. Specifically, participants were shown a hand picture and its 

associated cast shadow in a neutral position. In a “compatible trial”, the hand and shadow that 

followed were turned in the same open or closed direction, while in an “incompatible trial” the 

hand and shadow were turned in different directions. We contrasted two experimental conditions: 

1) “Hand-Shadow” in which participants observed a hand and its cast shadow (the hand covered 

the shadow), 2) “Hand-Hand” in which participants observed a hand and another black hand (the 

shadow covered the hand). The participants’ task was to imitate (i.e., by closing or opening their 

own hands) the hand or the cast shadow action. For both conditions, results revealed interference 

(i.e., longer response latencies) for incompatible trials. This suggests for the first time that the 

mere observation of a cast shadow of a hand can influence imitative behaviors. However, time 

courses of the response latencies revealed that imitative effect in the Hand-Shadow condition was 

different than the imitative effect in the Hand-Hand condition. Therefore, we suggest considering 

the cast shadow of an action as an important feature during motor control for humans.           
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Observing another person performing actions can influence our subsequent motor behaviors 

(Bandura, 1986; Mattar & Gribble, 2005; Heyes, 2011). For example, Press and colleagues 

(2005) asked participants to open or close their right hands as soon as they perceived a closing or 

opening movement of a human or a robotic hand. The results revealed a stronger interference 

when participants observed a human hand. Specifically, the response latencies increased drasti-

cally when participants were required to produce an incongruent movement (e.g., closing hand 

movement while observing an opening action) rather than a congruent one. This finding reveals a 

tendency to automatically imitate the actions of others (Badets & Pesenti, 2010; Stürmer, 

Aschersleben & Prinz, 2000; Heyes, 2011, for a review). Interestingly, scholars have discovered 

that, at a neurophysiological level, such imitative behaviors are governed by an “action observa-

tion network” (AON) that includes the premotor cortex, the primary motor cortex, and the inferior 

parietal lobule (see Press, 2011 for a review of the AON). This AON is active when people 

observe and then imitate the actions of others, and this activation is specific to human actions 

(Press et al. 2005; Press, Gillmeister & Heyes, 2007; Press, 2011). However, during the observa-

tion of real life actions, the cast shadows of these actions are sometimes present in the visual 

scenes. For instance, during a soccer game with a shiny sun, the different body shadows projected 

on the ground could be processed as important features to take into account for different strategic 

behaviors like the precise positions of players between them. Yet, it is unknown whether such 

information can indeed influence motor performance of observers. The general aim of the present 

study was to test whether the cast shadow of an action can interfere with the mechanism of 

automatic imitation.       

Cast shadows of objects are projected on a remote surface and provide important information 

(e.g., dispositions of objects in space) for visual processing (see Mamassian, Kill & Kersten, 1998 

for this definition). From this perspective, cast shadows of objects represent fundamental cues for 

interaction with the environment (Galfano & Pavani, 2005). For instance, Bonfiglioli, Pavani and 
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Castiello (2004, Experiment 2) have found that if a cast shadow is dissimilar from the natural cast 

shadow of an object, the movement trajectory for a reach-to-grasp action toward this object is 

affected. To the authors, such findings suggested that the cast shadow of an object is processed 

during the control of an action. Interestingly, it has recently been suggested that a cast shadow of 

a body could provide a crucial tool for recognizing a person. For instance, the shadow of a person 

perfectly depicts the shape of the body, and it has been shown that individual identification is 

improved when judgments are based on the shadow cast on the ground in daylight in comparison 

to the conventional method in which identification is based on the actual body area (Iwashita, 

Stoica & Kurazume, 2010). Pavani and Castiello (2004) have also suggested that such a cast 

shadow of the body could be an additional cue for sensorimotor representation. Specifically, they 

suggested that body shadows are involved in the elaboration of the “body schema” (see also 

Galfano & Pavani, 2005), which is a core representation of the positions of the parts of the body 

in space (Whiteley, Spence & Haggard, 2008). Note that the body schema is an important system 

for movement commands that includes, at a neuronal level, the parietal and the premotor cortex 

(Giummarra, Gibson, Georgiou-Karistianis & Bradshaw, 2007), which are both areas of the AON 

(Press, 2011).   

The AON also includes the primary motor cortex, which has been found to be a key locus in 

the observation of cast shadows of movements (Alaerts, Aggelpoel, Swinnen & Wenderoth, 

2009). In this study, Alaerts and colleagues asked participants to observe a hand or the shadow of 

this hand depicting a rhythmically adducted-abducted movement of the index finger. During this 

movement observation, transcranial magnetic stimulation was applied over the primary motor 

cortex of the participants while motor-evoked potentials (MEPs) were recorded from their index 

finger muscle. The results revealed that the MEP amplitude increased for the observation of the 

shadow or the real finger movements. The authors suggested that the observer’s motor system 

(i.e., the AON; Press, 2011) is active during the observation of a shadow depicting a movement or 
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the observation of the real action. Therefore, the mere observation of a shadow can have a strong 

influence on the motor system of observers (see also Sartori & Castiello, 2013 for similar 

interpretation).     

However, based on these studies of shadow movement, it is unknown whether the mere ob-

servation of a cast shadow of another person can also have an influence on subsequent move-

ments of observers. To the best of our knowledge, the single piece of evidence for this 

assumption comes from an animal study. Indeed, animals such as crayfish can use the movement 

of a shadow projected on the ground to execute anti-predator behaviors (Liden & Herberholz, 

2008). For instance, if a shadow moves towards the animal at high velocity, the crayfish will stop 

its movement, likely in an attempt to reduce its visibility. This finding suggests that observing a 

shadow linked to an action of another can have a strong influence on subsequent motor behaviors. 

Consequently, based on the AON for humans, it could be hypothesized that if a hand movement 

and the shadow of this hand can influence the motor system (Alaerts et al. 2009), we should find 

an automatic imitation effect from the hand, and also the cast shadow movement.   

In the present study, participants were asked to observe two stimuli and to open or close their 

right hand in response to a change in only one stimulus. The stimuli were a hand and its cast 

shadow in a neutral position and the hand and its cast shadow turned into an opening or closing 

position (Figure 1, panel A). For the Hand-Shadow condition (HS), the cast shadow was project-

ed on a remote surface and did not cover the hand (Mamassian et al. 1998). With this stimulus 

configuration, we expected to provide participants with an adequate correspondence between the 

hand and its cast shadow. Mamassian (2004) suggested the following for the cast shadow 

information: “in order to use that information, our visual system has first to segment regions in 

the image, decide that these regions are potential shadows rather than, say, ink blots, and then 

match these shadow candidates with objects in the scene. We call this last processing stage the 

“shadow correspondence problem”.” (p.1279). For the Hand-Hand condition (HH), the shadow 
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covered the hand and, consequently, could not be interpreted as a cast shadow but, more likely, as 

another hand. Indeed, we reasoned that if the shadow was presented as covering the hand, the 

shadow correspondence would be impossible for the participants (Casati, 2012; Mamassian, 

2004). Consequently, the participants should interpret this stimulus as a second hand because, 

despite its black color, a cast shadow cannot cover a hand under natural conditions. To ensure that 

our assumptions were correct, a post-experimental interview about these stimuli was recorded by 

the experimenter at the end of the study.  

The participants were instructed to follow the action of one of two stimulus positions. For 

instance, in the first block of the HS condition, the participant was asked to follow the first-

position stimulus. Consequently, this participant’s task was to open his/her hand when the hand 

stimulus (i.e., the first-position stimulus) turned in the open direction. Note that participants were 

instructed not to pay attention to the second-position stimulus (i.e., the cast shadow). However, 

this second-position stimulus could turn into a compatible or incompatible direction (opening or 

closing, respectively). For a second block of trials, the participants were instructed to follow the 

second-position stimulus (i.e., the cast shadow), and, consequently, the compatible and incompat-

ible directions came from the hand action.  

From the theoretical background developed in the present paper and our experimental para-

digm, we expected to confirm four main hypotheses. First, we expected that participants would 

interpret (assessed through the post-experimental interview) the two stimuli differently, that is, a 

hand and its cast shadow in the HS condition and two hands in the HH condition. Indeed, as 

emphasized by the definition of a cast shadow (Casati, 2012; Mamassian et al. 1998), it is highly 

improbable that participants recognize as a shadow a stimulus that covers the hand. Second, for 

the HH condition we predicted a classical interference effect. Indeed, participants should interpret 

both stimuli as two hands, and as suggested by Press and colleagues (2005; see also Stürmer, et 

al. 2000; Heyes, 2001) the mere observation of a hand mimicking an action can induce a strong 



Shadow in action 7 

automatic imitation even when the second stimulus is task-irrelevant (see also Brass, Bekkering 

& Prinz, 2001 for finger movements). Third, and most importantly, in the HS condition, we 

predicted an interference effect from the cast shadow action as hypothesized by Alearts et al. 

(2009). Indeed, based on the different findings regarding the cast shadow of the body (Galfano & 

Pavani, 2005; Iwashita et al. 2010; Pavani & Castiello, 2004; Pavani & Galfano, 2007), we 

expected that the mere observation of a cast shadow of a hand action could have a strong 

influence on the motor system of the observers. Specifically, our data should reveal an interfer-

ence effect in the imitative behavior in the condition in which the participants followed the hand 

regardless of whether they were asked to ignore the cast shadow. Finally, if the participants 

interpreted a hand with its cast shadow for the HS condition, the two stimuli could represent a 

single action from a single hand (a correct shadow correspondence). Conversely, if the partici-

pants interpreted two hands from the HH condition, then the two stimuli could represent two 

different actions. Consequently, based on the biological specificity of the AON, we predicted that 

the two biological hands of the HH condition could interfere more strongly than a single hand 

with its cast shadow could. To test this last hypothesis, we have used an analysis on the distribu-

tion from the fastest to the slowest responses times (see Catmur & Heyes, 2011; Brass et al. 2001 

Experiment 2; Press et al. 2005 for similar analysis in imitation paradigms). In this perspective, 

Brass and colleagues found that the compatibility effect during an imitation task of a biological 

stimulus was larger for slower responses (see also Press et al. 2005). This finding is interpreted as 

the imitation processes underlying compatibility effect becomes more implicated over time. 

Consequently, we could expect the same effect when the biological specificity of the AON is 

fully engaged, that is, in the HH condition.      

Method 

Participants. Thirty-six (34 right-handed and 2 left-handed) French-speaking students from 

the University of Poitiers (mean age: 19.8  1 year; 25 males) participated in this study for course 
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credit and were distributed equally in each group through hand-laterality. All participants had 

normal or corrected-to-normal vision, were unaware of the experimental goals, and provided 

informed and signed consent. The experiment was non-invasive and was performed in accordance 

with the ethical standards established by the Declaration of Helsinki.  

Stimuli, apparatus and task. The stimuli were right male hands presented in their natural colors. 

The neutral and opening position involved a distance of 3.5 and 9.5 cm, respectively, between the 

index finger and thumb. In the closing position, the thumb was shown joined with all other 

fingers. Length (L) and Height (H) of the neutral, opening and closing positions occupied a 

window of 5 cm x 10 cm, 10.5 cm x 8.5 cm and 5cm x 9 cm respectively which corresponded to 

the actual visual angles 4.8° (L) x 9.7° (H), 10.02° (H) x 8.1° (L), and 4.8° (H) x 8.6° (L) at a 

viewing distance of 60 cm. The cast shadow was the same hand figure presented in grey color 

mimicking a real shadow (Figure 1, panel A). The apparatus consisted of a PC computer 

equipped with a 43.17 cm (diagonal) screen and a manual-response device composed of two 

microswitches (see Figure 1, panel B). The microswitches were connected to the PC computer, 

and a customized E-Prime® program controlled the experimental procedure and stored the raw 

data for offline analysis. Using the manual-response device, the participant’s task was to open or 

close his or her right hand when an opening or closing hand or cast shadow appeared on the 

screen. Figure 1, panel B, shows the participant’s task. For the neutral position (middle picture), 

microswitches A (bottom small strip) and B (the top small strip) are in the “on” and “off” 

positions, respectively. For the opening position (top picture), microswitch A is released and turns 

into the “off” position. For the closing position (bottom picture), microswitch B is squeezed and 

turns into the “on” position. Note that from the neutral position, the PC computer stored a valid 

manual response with its respective response latency from the “off” and “on” position of the 

microswitches for the opening and closing movements of the participant, respectively.  
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Figure 1. (A) Neutral, compatible and incompatible stimuli representing the hand and its cast 

shadow for the HS and HH conditions. (B) Manual-response device in the opening, neutral and 

closing position; A and B represent the microswitches, the white arrows represent the directions 

of the opening and closing action from the neutral position, and the black arrows represent these 

actions from the neutral to the opening and closing positions. (C) Temporal sequence of events 

for a trial in the HS condition. For each trial, neutral stimuli were displayed and changed into 

compatible or incompatible stimuli. The same sequence was used for the HH condition.   
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Procedure. The participants sat in front of the computer screen, and the manual-response 

device. After participants were given the instructions and some handles for familiarization with 

the manual-response device, the experiment began. Participants were randomly assigned to one of 

the experimental conditions (HH or HS). In each experimental condition, each participant 

attended two sessions in which his/her task was to follow the first-position or the second-position 

stimulus.  Each trial began with the presentation of a fixation cross for 500 ms. Next, an HS or 

HH condition in a neutral position (Figure 1, panel A) was presented for random intervals of 500, 

700, or 900 ms to prevent anticipation. Then, the neutral picture changed into an opening or 

closing picture. The beginning of the change was the imperative stimulus to which the partici-

pants responded; the final state of the change was displayed until the response was detected 

(Figure 1, panel C). The next trial began 1000 ms after the participant’s response. The second 

stimulus was either compatible or incompatible with the first. For instance, when participants 

were required to follow the first-position stimulus in the HS condition, the compatibility came 

from the shadow, that is, the second-position stimulus (see Figure 1, Panel A and Panel C for an 

example of an incompatible trial). To avoid attentional anticipations of the position of the shadow 

or the hand, half of the shadow stimuli were presented slightly under the hand stimuli, whereas 

the other half the shadow stimuli were presented slightly over the hand stimuli (see Figure 1A). 

Both the stimulus presentations and the compatible and incompatible trials were presented 

randomly during the experiment.    

In total, 2 blocks of 120 trials were presented to the participants. For the first and second 

blocks, the participants were required to follow the first-position and the second-position 

stimulus, respectively. This rule was counterbalanced across participants. For each block, 60 

compatible trials and 60 incompatible trials were presented. At the end of the experiment, 

participants answered the following question: “what did the stimuli on the screen represent?” This 

question was given in French (i.e., “que représentaient les stimuli à l’écran de l’ordinateur?”). 
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Participants were instructed to respond as simply as possible, and the experimenter noted these 

responses on a sheet of paper.    

Design. The independent variables included CONDITIONS (Hand-Hand vs. Hand-Shadow) as 

a between-groups factor, and RULES (first-position vs. second-position) and COMPATIBILITY 

(compatible vs. incompatible) as within-group factors.  

Dependent variables. We used the mean response latency (in ms) as dependent variables 

(Press et al. 2005, 2007). The response latency was calculated from the presentation on the screen 

of the apparent closing or opening action of the hand or the shadow to the opening or closing 

movement of the participant. In our analyses, we excluded trials with errors related to the 

COMPATIBILITY (averaging 2.3%).  Response latencies were then submitted to an analysis of 

variance (ANOVA), and post-hoc comparisons were computed using Duncan’s technique. All 

significant effects were reported at p < 0.05 (unless otherwise noted).  

For the question asked at the end of the experiment, a chi-square test was conducted to assess 

whether different types of responses were chosen in the two different conditions (the HS and the 

HH condition). Specifically, we attributed a numeric value of “1” for each response that included 

one of the following statements: “I have seen two hands” or “I have seen a hand and its shadow” 

or “I have seen a hand and an object”. Note that the first and second answers correspond to the 

HH and HS condition, respectively. It is worth noting that the last response was never given by 

participants.  

Results 

Stimulus representation. For the question (“what did the stimuli on the screen represent?”), 

sixteen participants in the HH condition reported that the stimuli presented on the screen were 

two hands, that is, one in a black color and another in a real color. Two participants reported that 

the stimuli were a hand and a shadow because a shadow is generally black in color. For the HS 
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condition, fifteen participants reported that the stimuli were a real hand with its cast shadow, but 

three participants reported two different hands because the two stimuli did not move in the same 

direction.  A chi-square test indicated a significant difference in responses between the HH and 

the HS conditions (

[1] = 18.8; p < .0001).  This analysis revealed that participants more 

frequently interpreted the HH condition as two hands (88.9%) and the HS condition as a hand and 

its cast shadow (83.3%).  

Response latency. The dependent variable was analyzed in a 2 CONDITIONS (Hand-Hand vs. 

Hand-Shadow) X 2 RULES (first-position vs. second-position) X 2 COMPATIBILITY (compatible 

vs. incompatible) ANOVA with the last two factors defined as within-group independent 

variables. The analysis revealed a main effect only for COMPATIBILITY (F[1, 34] = 106.2, p < 

.00001, η²p = .75). This effect indicated that for both conditions, the participants responded faster 

for compatible than for incompatible trials (see Figure 2). No main effects from CONDITIONS 

(F[1, 34] < 1) or RULES (F[1, 34] = 1.8, p = .18) and no interaction between CONDITIONS and 

COMPATIBILITY (F[1, 34] = 1.2, p = .27), or other factors (Fs[1, 22] < 1) were observed.  

 

Figure 2. The mean response latencies for the Hand-Hand condition and the Hand-Shadow 

condition as a function of compatibility. * indicates significant differences and error bars 

represent 1 Standard error.  
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To explore whether the compatibility effect had different temporal dynamics for the HH 

and HS condition, a distribution analysis was performed on response latencies (Ratcliff, 1979). 

For this purpose, we divided the response distribution of each participant into ten “bins” ranging 

from the fastest to the slowest response times. The dependent variable was then analyzed in a 2 

CONDITIONS (Hand-Hand vs. Hand-Shadow) X 2 COMPATIBILITY (compatible vs. incompatible) 

X 10 BINS ANOVA with the last two factors defined as within-group independent variables. The 

analysis revealed a main effect for COMPATIBILITY (F[1, 34] = 95.4, p < .00001, η²p = .73), BINS 

(F[9, 306] = 409.3, p < .00001, η²p = .92), a significant CONDITIONS X BINS interaction (F[9, 306] 

= 1.9, p < .04, η²p = .05), and a significant COMPATIBILITY X BINS interaction (F[9, 306] = 2.6, p 

< .005, η²p = .07). Most importantly, the analysis revealed a significant CONDITIONS X 

COMPATIBILITY X BINS interaction (F[9, 306] = 3.02, p < .001, η²p = .08). For this last interaction 

(see Figure 3), post-hoc analysis revealed that for the bins 1, 2, and 3, there is no compatibility 

effect for both conditions. The compatibility effect appeared for both conditions and grew up 

from bins 4 to 9.  However, for the last bin, there is a significant compatibility effect only for the 

HH condition. In other words, for both conditions there is an identical compatibility effect for 

bins 4-9, but this effect vanished to the slowest response time for the HS condition. 
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Figure 3. Mean response latencies in each bin as a function of compatibility for the Hand-Hand 

and Hand-Shadow condition. * indicates significant differences, and error bars represent 1 

standard error.  

 

 

Discussion 

The general aim of this study was to assess whether the mere observation of a cast shadow of 

a hand action could influence the observers' own hand movement. In the HS condition, partici-

pants were required to observe a hand that performed a movement of opening or closing its 

fingers. In some trials, the cast shadow of this hand followed the hand (compatible trials), and in 

other trials, the hand and cast shadow moved in the opposite way (incompatible trials). The 

response times clearly indicate that the mere presentation of a cast shadow can influence the 

observers’ capacity to follow the moving hand. Specifically, response times were longer for 

incompatible than for compatible trials. The distribution analysis revealed that this effect was 

present for the HS condition only for the bins 4-9. For the HH condition, the effect was also 

present for the slowest responses (i.e., the last bin). Altogether, these findings confirmed the 

strong effect of biological stimuli during an imitation task (Brass et al. 2001; Press et al. 2005), 

but more importantly, that a body shadow associated with its action can be interpreted as an 

important feature for the action control of observers.  
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The present study confirmed that for the HH condition and for the HS condition, the partici-

pant perceived two hands or a hand and its cast shadow, respectively (see the stimulus representa-

tion section). This result suggests that when a hand covered the shadow that is, a shadow 

projected on a remote surface, the participants interpreted this stimulus as a cast shadow 

(Mamassian et al. 1998, see Casati, 2012; Mamassian, 2004 for this shadow correspondence 

effect). In contrast, when the shadow covered the hand, this stimulus was interpreted as another 

hand.  Moreover, the factor RULES (first-position vs. second-position) did not interact with other 

factors (Fs < 1). This result indicates that in the HS condition, the shadow influenced the 

observer’s action to the same extent than the hand stimulus, at least for the bins 4-9. In other 

words, there was no more interference from the shadow or the hand stimulus. Consequently, we 

assume that for the HS condition, participants perceived a single hand. Our interpretation is that, 

if this single hand displayed incongruent information (from the hand itself or its cast shadow) 

depending of the action to-be-performed, an inference occurred in the AON of the observers.   

To summarize the present findings, we confirmed the main hypotheses presented in the in-

troduction section. First, through the configuration of the stimuli (Casati, 2012; Mamassian, 

2004), the participants interpreted the HH and HS conditions as two hands or as a hand and its 

cast shadow, respectively. Second, the configuration of two hands (i.e., HH), or a hand with its 

cast shadow afforded interference as suggested by the AON (Alaerts et al. 2009; Press, 2011). 

Thus, the observation of cast shadow of an action can influence the motor control of observers. 

However, the distribution analysis of response times revealed that the interference was always 

present for the slowest response latencies only for the HH condition. Consequently, the hand and 

its cast shadow seem weaker to create the same level of interference in the motor system of the 

observers than the HH condition. Based on the biological specificity of the AON (Press, 2011), 

this last finding accord with the assumption that the interference should be stronger from two 

hands than a single one.  



Shadow in action 16 

It is worth noting that our results are in accordance with the finding that in an automatic imi-

tation paradigm, incompatible trials induce stronger interference than compatible trials do (Heyes, 

2011; Press et al. 2005, 2007; Stürmer et al. 2000). We found this interference effect in the HH 

and the HS condition for the bins 4-9 which represented a speed distribution for response times 

from 350 to 500 ms. For comparable speeds of response times, other studies have found the same 

interference effect for different imitation paradigms (Brass et al. 2001, Experiment 2; Catmur & 

Heyes, 2001; Press et al. 2005). Our present design is also comparable to the study by Stürmer et 

al. (2000) in which participants had to grasp or to spread their hand apart after the perception of a 

color change in the model’s hand. In this study, the color change is the imperative stimulus, and 

the model’s hand can be congruent (compatible trials) or incongruent (incompatible trials) 

depending on the action to be performed. Though our study utilized a different stimulus (a hand 

position), we also found longer response latencies in incompatible trials than in compatible trials. 

This finding for the HH condition suggests that we have perfectly replicated the classical effect of 

the automatic imitation domain, that is, the human tendency to copy the actions of others (Heyes, 

2011; Press, 2011).  

However, using the same design for the HS condition, the interference effect (reflected by the 

distribution analysis) was less because the slowest response times (the last bin) were the same for 

both compatible and incompatible trials. To interpret this, we suggested above that when 

participants perceive a cast shadow with a single hand, the AON is less active than the perception 

of two hands (i.e., the HH condition). Another interpretation could be that perceiving a hand and 

its cast shadow as we presented them in the incompatible trials (e.g., the hand closing and the 

shadow opening) can be highly irrelevant for the observers because this situation is impossible in 

a real life situation. For participants in the HS condition, this improbable situation may have 

afforded no significant interference, which, in turn, did not influence to the capacity to copy the 

model’s action, especially during longer response times (around 700 ms). In other words, 
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participants took advantage of their longer response times in order to reject or to inhibit such 

improbable information from the AON. In agreement with this assumption of different levels of 

interference, Costantini and colleagues (2005) have found specific activation in sensorimotor 

parietal areas during the observation of biomechanically impossible movements of fingers.  

However, our current findings should be interpreted with caution and require further empiri-

cal evidences to fully confirm our assumptions  about the role of a body shadow in motor control. 

Indeed, as suggested by an anonymous reviewer, our general interpretation about the distinction 

between the HH and the HS condition is only based on the last bin of the distribution analysis and 

a post-experimental interview about the stimuli. Specifically,  it is difficult to rule out entirely the 

possibility that during the experimental task, the participants did not process areal hand for the 

black stimulus in the HS condition, especially for bins 1-9 which showed exactly the same pattern 

of results for both HH and HS conditions. Accordingly, the present study gives  a weak but 

preliminary support for the general claim about the specific role of cast shadows in the imitative 

behaviour of observer. So far, more studies are needed in order to fully confirm whether the AON 

is less active because participants process one single hand with its associated shadow for the HS 

condition in comparison to two hands for the HH condition.    

Finally, as suggested by Pavani and Castiello (2004; see also Galfano & Pavani, 2005), the 

main role of a body shadow is most likely to afford additional information for the sensorimotor 

representation and, specifically, the body schema.  For these authors, the cast shadow of a body 

can be crucial in isolating the self from the environment and, especially, in constructing the gap 

between personal and extrapersonal space (Pavani & Castiello, 2004). This suggestion is in 

accordance with the view that the AON is also involved in distinguishing the self from the other 

and, more precisely, in understanding the actions of others (Neal & Kilner, 2010; Rizzolatti & 

Sinigaglia, 2010, for a review). From an evolutionary perspective, Pavani and Galfano (2007) 

suggested the following regarding body shadows: “They have presumably accompanied humans 
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throughout evolution providing important cues for self-recognition, as well as recognition of 

bodies of other approaching living creatures.” (p. 86). Similarly, Rizzolatti and Sinigaglia (2010) 

suggested of the AON that “Such motor-based understanding seems to be a primary way in which 

individuals relate to one another, as shown by its presence not only in humans and monkeys, but 

also in evolutionarily distant species, such as swamp sparrows and zebra finches.” (p. 273). 

Consequently, based on the present automatic imitation paradigm, which has been used to test the 

AON (Heyes, 2011; Press, 2011), we suggest that the interference effect found for the HS 

condition is the first behavioral evidence of this cast shadow account system for action control in 

human observers (see Liden & Herberholz, 2008, for a behavioral interpretation in crayfish). In 

line with this evolutionary perspective, it has recently been suggested that parts of the AON could 

be involved in understanding the actions of others to develop defensive behaviors for observers of 

different species (Blanchard, Griebel, Pobbe, & Blanchard, 2011). Defensive behaviors could also 

develop in humans through cast shadow processing inside the AON.    

Conclusion 

Body shadow can have a specific influence on action control. The observation of such a 

shadow can involve the primary motor cortex of observers (Alaerts et al. 2009) and, at a behav-

ioral level, can present important information for the formation of sensorimotor representation 

(Pavani & Castiello, 2004). The present study follows this line of research and demonstrates for 

the first time that shadow is also functionally implicated in the motor system of observers during 

imitation. Theoretically, this implication suggests that the body shadow is likely an important 

feature for the AON system. However, additional empirical studies at a behavioral and neuro-

physiological level are needed to fully encompass our preliminary findings about the precise role 

of shadow in actions.            
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