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When we observe another person perform an action, like

cracking an egg or kicking a ball, we are able to anticipate

quite precisely the future course of the observed action. This

ability is important in understanding others and in coordi-

nating our actions with them, whether baking a cake together

or playing football. This special issue includes 14 papers

examining the cognitive and brain mechanisms underlying

the ability to predict and simulate other people’s actions.

Prediction and simulation are two closely related pro-

cesses that contribute to the ability to comprehend and

respond to other people’s actions. Strictly speaking, pre-

diction of the future course of an action makes use of

simulation mechanisms, but simulation does not require

prediction (for example, simulation could be retrodictive).

An increasing body of research suggests that people run

internal simulations based on their own motor repertoire

when predicting the future course of other people’s actions

(Blakemore & Frith, 2005; Kilner, Marchant, & Frith,

2009; Wilson & Knoblich, 2005). For instance, eye

movements during action observation are predictive

(Flanagan & Johansson, 2003; Rotman, Troje, Johansson,

& Flanagan, 2006), and motor regions of the brain are

engaged when participants must predict upcoming action

events (Kilner, Vargas, Duval, Blakemore, & Sirigu, 2004;

Stadler et al., 2011). Earlier findings from monkey neuro-

physiological work revealed activation of mirror neurons

within premotor cortex when the monkeys observed the

relevant phase of an observed grasping movement being

occluded (Umiltà et al., 2001).

The high accuracy of action prediction has been dem-

onstrated using paradigms that require participants to pre-

dict an action that is temporarily occluded from vision (Graf

et al., 2007; Parkinson, Springer, & Prinz, 2011; Springer &

Prinz, 2010; Sparenberg, Springer, & Prinz, 2012). For

instance, observers were shown to be accurate in differen-

tiating between time-coherent and time-incoherent contin-

uations of temporarily occluded human full-body actions,

suggesting the use of an internal prediction process that runs

in real-time to the observed action (Sparenberg et al., 2012).

The importance of motor experience for prediction is doc-

umented in a body of evidence showing that observers are

most accurate in predicting those actions that they are able

perform themselves. Recent imaging-based studies com-

paring the prediction abilities of motor experts versus

novices (e.g., athletes) revealed increased motor activation

during the observation of actions that are in the observer’s

own motor repertoire (Buccino et al., 2004; Calvo-Merino,

Glaser, Grezes, Passingham, & Haggard, 2005; Cross,

Hamilton, & Grafton, 2006). Together, these findings sug-

gest that action prediction is accurate, runs in real-time

and depends on sensorimotor brain regions. This supports

the broader notion that an observer can use his or her motor

system to simulate observed actions (Jeannerod, 2001;
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Grèzes & Decety, 2001) and is compatible with the more

specific predictive coding model of the mirror neuron sys-

tem as advanced by Kilner et al. (e.g., Kilner, Friston, &

Frith, 2007).

While the predictive functions of the human premotor

cortex have already stimulated a plethora of neuroscientific

research (see Schubotz, 2007, for a review), the precise

cognitive underpinnings of action simulation and action

prediction remain underspecified. To better understand the

nature of human action prediction abilities, we need to

delineate the details of putative mental simulation mecha-

nisms. The papers in this special issue address such ques-

tions from a variety of approaches.

To advance our understanding of action prediction, it is

valuable to explore the underlying cognitive processes,

considering the role of action form and timing in pre-

diction. Behavioural, eye-tracking, psychophysical and

brain imaging methods can all provide converging evi-

dence for the role of action simulation. Finally, it is

important to consider how action prediction relates to

other aspects of cognition such as language and cooper-

ation or domain-specific expertise. Addressing these

research questions touches on fields as diverse as action

planning, motor control, memory, learning, attention, and

understanding action-related language. It is this breadth of

approach toward a single theme that we hope to capture

in this special issue. Our aim is to advance the study of

the fundamentals of action simulation by bringing toge-

ther state-of-the-art research including theoretical work

and empirically grounded papers illuminating the pro-

cesses involved in the prediction of natural and artificial

actions.

Several papers in this special issue examine the mech-

anisms of action simulation. Many of these papers use the

same action occlusion paradigm that has proven to be very

valuable in the study of action simulation (Graf et al., 2007;

Springer et al., 2011). In this paradigm, participants see a

video of an action that is then briefly occluded. After the

occlusion period, participants see a second video clip and

are asked if the second video is an accurate continuation of

the first, or if it has jumped in time (Stadler et al., 2011).

Good performance on this task requires detailed simulation

of the action continuation during occlusion, and factors that

change performance can then be measured. For example,

Saygin and Stadler (2012) examine the influence of human,

robot or humanoid form and motion on action prediction,

and suggest that slower prediction is used for robot actions

compared to human actions.

A similar question is examined by Stadler, Springer,

Parkinson, and Prinz (2012), who asked whether simulation

processes involved in predicting occluded actions are

specific for those actions that follow a biological motion

profile, such as those we are accustomed to seeing our

fellow humans perform. They report that participants are

better able to predict the occluded actions of normal point

light walkers compared to those whose kinematics had

been altered to move according to a non-human, constant

velocity profile. A particularly interesting implication of

this work that the authors highlight is the importance of

designing virtual or robotic agents that move according to

human-like biological motion profiles in order to facilitate

human interactions with non-human agents. Of relevance

to both these studies is a review paper from Gowen and

Poliakoff (2012) that examines the influence of human or

non-human form on action simulation. The paper finds

evidence for a complex interplay of top-down and bottom-

up features in processing observed actions.

The role of motion and kinematic features in action

simulation is explored in the paper from Parkinson et al.

(2012). They found accurate action simulation after even

quite short action primes (before the occlusion) but that

performance was degraded when short test clips (after the

occlusion) were used. This demonstrates the exceptional

sensitivity of the human action simulation system. Stapel

et al. (2012) examined the impact of the broader action

context on action prediction with a task where participants

predicted if an actor would continue to walk or would bend

to crawl in the next frames of a video. The results showed

that prediction is better when actions are constrained by the

context of the scene, suggesting that goal-directedness is

useful in action prediction.

Two further studies examine the relationship between

action simulation and action-related language. Liepelt,

Dolk, and Prinz (2012) find clear evidence for interference

between language and action, with word perception tasks

affecting hand actions and hand actions affecting language

production. The results suggest that language tasks and

hand action tasks draw on overlapping cognitive resources,

and thus support an embodied cognition hypothesis. A

related study from Springer et al. (2012) examined the

influence of masked prime words on action processing.

Masked priming with dynamic action verbs altered sub-

sequent performance on the action occlusion task, dem-

onstrating close links between linguistic processing and

action simulation.

An alternative approach is to consider how online sim-

ulation processes impact our appraisal of actions we per-

form in collaboration with other people (Doerrfeld, Sebanz,

& Shiffrar, 2012). In an elegant series of experiments, these

authors demonstrate that our perception of actions is

shaped not only by what we are capable of doing ourselves,

but also by what we can achieve in cooperation with other

people. Specifically, Doerrfeld et al. found that a partici-

pant’s judgement of the weight of an object to be lifted

fluctuates depending on whether he or she plans to lift it by

himself or herself or with a co-actor who is either healthy
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or injured. Thus, it appears that simulation processes that

underpin how we perceive, predict, and perform actions

within a social world are sensitive to the others around us,

which Doerrfeld et al. suggest might serve as a driving

force for social collaboration.

The study of the neural correlates of action simulation

and prediction can be very valuable in understanding the

relationship between these and other cognitive processes.

Recent brain imaging studies have indicated the involve-

ment of motor programs in action prediction by showing

increased activation in the motor system when we are

engaged in predicting actions performed by others (Kilner

et al., 2004; Stadler et al., 2011). The premotor cortex

forms a core part of the network recruited during action

observation (Grèzes & Decety, 2001), which has recently

been described as mainly serving predictive functions

(Wilson & Knoblich, 2005; Schütz-Bosbach & Prinz,

2007). Further, it is now well established that the action-

observation network responds to both naturalistic and

abstract stimuli (e.g., Petroni, Baguear, & Della-Maggiore,

2010; Schubotz & von Cramon, 2004). But how is this

possible and what does a predictive account of the motor

system imply?

In this issue, Fleischer, Christensen, Caggiano, Thier,

and Giese (2012) propose a neural model that highlights

both the commonalities and differences of abstract and

naturalistic action observation. Based on human psycho-

physical data and model simulations, the authors argue that

the commonalities emerge in parietal and premotor regions

representing the causality of an action both for abstract and

natural stimuli. Moreover, the model implies that a specific

visual tuning is required to process abstract as compared to

naturalistic stimuli. Both these inspiring new predictions

can be applied to previous findings from imaging-based

studies on this topic.

A second brain imaging paper addresses how observing

an actor’s eye gaze and grasp affects the ability to predict a

subsequent action. While previous research has typically

studied these simulation processes separately, Ramsey,

Cross, & de C. Hamilton (2012) made use of functional

magnetic resonance imaging to investigate to what

extent gaze- and grasp-perception rely on common or

distinct brain networks using a ‘peeping window’ protocol.

In object-present versus object-absent conditions, gaze

observation revealed increased activations in left anterior

inferior parietal lobule (aIPL), while grasp observation

yielded increased activations in the dorsal premotor, pos-

terior parietal, fusiform and middle occipital brain regions

(regions composing the action observation network; AON).

Interestingly, the authors suggest that the left aIPL activity

supports the notion of a predictive process that signals

upcoming hand-object interactions based on another per-

son’s eye gaze. Activity within the AON, on the other

hand, may reflect a motor simulation process for observed

object-directed hand actions.

Another pertinent experiment that highlights the role of

the motor system for action prediction is reported by

Alaerts, de Beukelaar, Swinnen, and Wenderoth (2011).

Using transcranial magnetic stimulations, the authors

explored how the excitability of the observer’s primary

motor cortex (M1) changes according to the force-

requirements of an observed action. Specifically, observa-

tion-induced force-encoding was studied during various

phases of executed and observed reach to grasp to lift

movements with objects of different weights. The results

showed that M1 excitability was indeed modulated by

object weight during the grasp/lift phases for both execu-

tion and observation. However, surprisingly, during

observation, M1 excitability was also modulated in an early

reach phase when no visual cues on the object’s weight

could be derived from the action movies. As the observers

were aware of the fact that the same weight condition

was presented repeatedly, these interesting new findings

suggest that the motor system represents motor predic-

tions as well as muscular requirements by taking into

account information from previous trials for this predictive

activation.

New insights related to aspects of motor control can be

gained from a study by Kourtis, Sebanz, and Knoblich

(2012) investigating whether actors represent the difficulty

of a planned action before its actual execution. The authors

recorded high-density EEG while participants planned and

executed actions. Results showed that, despite a long cued

preparation, the movement times varied according to Fitt’s

Law and the amplitude of the P3b potential varied with

movement difficulty. This interesting new finding is dis-

cussed in terms of an internal reflection of perceived action

difficulty, which may correspond to the perceived risk of

error in a planned action.

Another approach that has proven to be particularly

fruitful in furthering our understanding of action simula-

tion is one that considers interindividual differences and

the role played by expertise in predicting others’ actions.

Two papers here have turned to expert sporting popula-

tions to further elucidate the impact of hours of experience

on predicting others’ actions. Prior work in this domain has

demonstrated that how we perceive others’ actions is

substantially impacted by physical expertise, in domains

ranging from basketball to contemporary dance (e.g.,

Aglioti, Cesari, Romani, & Urgesi, 2008; Calvo-Merino

et al., 2005; Cross et al., 2006). In this issue, a paper by

Diersch, Cross, Stadler, Schutz-Bosbach, and Rieger

(2012) tested figure skating experts and novices to examine

not only how physical expertise impacts prediction of

ongoing occluded actions, but also how the aging pro-

cess might interact with expertise when simulating others’
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actions. Diersch et al. show that figure skating expertise

positively impacts young and older adults’ ability to pre-

dict ongoing actions, but only when those actions are

within the observer’s domain of expertise. This study

provides the first evidence that sensorimotor expertise,

even when gained many decades ago, still influences how

we perceive others and are able to predict their ongoing

movements.

A second paper on expertise examines the impact of

physical compared to observational experience on volley-

ball players’ ability to predict the outcome of volleyball

serves. While prior literature has shown that perceptual

experience alone can impact how we perceive or predict

others’ actions (e.g., Buchanan & Wright, 2011; Cross

et al., 2009, 2011; Higuchi, Holle, Roberts, Eickhoff, &

Vogt et al., 2012), a number of significant unexplored

questions remain regarding the role of physical compared

to visual expertise. Here, Urgesi, Savonitto, Fabbro, &

Aglioti (2011) demonstrate that adult volleyball players

and spectators are more accurate than novices in predicting

volleyball serves, but only the players were able to base

their predictions on kinematic information. To more fully

understand the mechanism behind this finding, Urgesi et al.

ran a follow up experiment where adolescent volleyball

players were taught a new serve either by physical or

observational practice. The authors report that only phys-

ical practice positively impacts an observer’s ability to read

body kinematics, while observational practice helps to

improve an observer’s prediction of the ball’s trajectory.

Urgesi et al. thus conclude that physical practice is

required to form the most accurate perceptuo-motor rep-

resentations of novel actions.

In sum, action simulation can be conceived of as a real-

time process supported by sensorimotor brain regions that

is impacted by myriad contextual features ranging from the

social relevance of the agent or action to the observer’s

prior experience with the observed action. The research

featured in this special issue collectively advances the

state-of-the-art of action cognition through careful inves-

tigation of the factors that shape how we perceive and

predict other people in action. As editors, our aim is for this

special issue to inspire further research that continues to

define the functions and features of action simulation by

bridging behavioural and brain-based approaches. We

would like to urge stronger consideration of cognitive

paradigms in neurosciences and to encourage experimental

psychologists to put the proposed cognitive processes of

action simulation and prediction to test at the neural level.

As the papers in the following pages of this special issue

suggest, interdisciplinary inquiry into action simulation has

the potential to yield the most relevant and novel insights

into how we make sense of and interact with other people

moving around us in a social world.
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