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       Shared Representations 

 Socially situated thought and behaviour are pervasive and vitally important 

in human society. The social brain   has become a focus of study for research-

ers in the neurosciences, psychology, biology and other areas of behavioural 

science, and it is becoming increasingly clear that social behaviour   is heavily 

dependent on shared representations.   Any social activity, from a simple con-

versation to a well- drilled military exercise to an exquisitely perfected dance 

routine, involves information sharing between the brains of those involved. 

This volume comprises a collection of cutting- edge essays centred on the 

idea of shared representations,   broadly dei ned. Featuring contributions from 

established world leaders in their i elds and written in a simultaneously acces-

sible and detailed style, this is an invaluable resource for established research-

ers and those who are new to the i eld. 

  SUKHVINDER S.  OBHI  is Associate Professor in the Department of 

Psychology, Neuroscience and Behaviour at McMaster University, Canada. 

  EMILY S.  CROSS  is Professor of Cognitive Neuroscience in the School of 

Psychology at Bangor University, Wales.   
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   CAMBRIDGE SOCIAL NEUROSCIENCE

  The i eld of social neuroscience has seen a remarkable rise in recent 

decades. This series of books, written by internationally known 

scholars from a variety of disciplines and combining cutting-edge 

research and theory in the i eld, provides researchers and students 

with an in-depth introduction to key topics in social neuroscience. 

 Titles published in the series: 

  Shared Representations: Sensorimotor Foundations of Social Life 

 edited by Sukhvinder S. Obhi and Emily S. Cross 
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    Preface     

  State- of- the- art knowledge in cognitive neuroscience has emerged largely 

from the systematic study of individual performance in non- social tasks. 

Specii cally, experimental psychology and human neuroscience have suc-

cessfully elucidated many of the information-processing elements and neural 

mechanisms involved in tasks such as visual search, perception and categori-

sation of objects, memory for words, numbers and objects, and goal- directed 

actions. Building upon this established work, a signii cant effort is underway 

to create a cognitive neuroscience of  socially situated  thought and behaviour 

–  or, in other words, a ‘social’ cognitive neuroscience. A key characteristic 

of this endeavour is the combination of psychological and neurophysiological 

perspectives and levels of analysis. Socially situated thought and behaviour 

are pervasive and vitally important in human society. Social cognitive neu-

roscience is a burgeoning i eld that focuses on key human abilities including, 

but not limited to, intuiting what others are thinking, empathising with others, 

understanding and predicting the behaviour of others, identifying the emotions   

of others, and solving a task jointly with others. The establishment of dedi-

cated journals such as  Social Neuroscience ,  Cognitive, Affective, & Behavioral 

Neuroscience  and  Social Cognitive & Affective Neuroscience , as well as the 

increasing number of books, such as this one, concerned with the neurocogni-

tive bases of social behaviour,   is further evidence of the expansion of interest 

in social information processing. 

 A central concept in the domain of social cognitive neuroscience is the 

representation of information in conjunction with, and pertaining to, other 

people. Common everyday activities such as opening a door to allow someone 

through, following the gaze   of a stranger on a train, moving a piece of furniture 

together, dancing, and conversing with a colleague, all involve representation 

of information about, or in concert with, other social agents. Thus, in a broad 

sense, representations are ‘shared’ not necessarily because equivalent repre-

sentations are concurrently activated in two or more individuals, but rather 

because activated representations across individuals relate to a current task, 

goal, object, person or process. In this way, representations across individuals 
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are shared as a function of the prevailing circumstance. As such, shared repre-

sentations   would appear to be indispensable for a successful social life. 

 This book comprises a collection of cutting- edge contributions centred on 

the idea of shared representations,   broadly dei ned. We are extremely fortunate 

to have assembled what could be considered a ‘dream team’ of contributors, all 

of whom are established and respected leaders in their i elds of study. Without 

these outstanding individuals, this volume could not have become a reality and 

certainly could not have materialised into the remarkable resource that it is! 

 The coverage in this volume is quite broad and evolves from a consider-

ation of basic foundations to an examination of applied research in domains 

such as sport, dance and music. As such, this book will be a useful resource 

for a wide range of readers. We asked our contributors to write their chapters 

so that senior undergraduate students or new entrants to the i eld would be 

able to understand the content. Inspection of the chapters coni rms that con-

tributors succeeded in achieving this goal. To make the task more difi cult, 

we also requested our contributors to write their chapters so that established 

researchers in the i eld would i nd the book a useful resource for their daily 

work. Again, inspection of the chapters coni rms that authors overwhelmingly 

achieved this goal. Therefore, due to the diligence of our authors, this book will 

appeal to a wide range of readers, from undergraduate students to established 

social cognitive neuroscientists and all levels of student and trainee in between. 

 This book is made up of six parts, each containing four to six chap-

ters:   Foundations ,  Imitation and Mimicry ,  Thinking, Perceiving and Acting 

with Others ,  Understanding Others ,  Learning and Development  and  Shared 

Representations in Applied Contexts . 

 Part I, ‘Foundations’, starts with a thoughtful contribution from Dolke and 

Prinz, who provide a cogent analysis of what constitutes a shared representa-

tion and what task co- representation   actually means. Using the joint Simon 

effect   as an example case, these authors put forward arguments for an inter-

pretation of the effect in terms of referential coding in which simultaneous 

activation of event representations, regardless of the source of their activation, 

is responsible for interference   in different Simon task   contexts (i.e. individual 

and joint). According to this view, joint Simon effects emerge due to concur-

rent activation of events with shared features, and not due to a socially induced 

co- representation   of another agent’s stimulus– response (S– R) mapping. 

 In the second chapter in Part I, Grigaityte and Iacoboni focus on the human 

mirror system   (HMS) and introduce the idea of the ‘merged self’,   a state in 

which the intentions,   actions and bodies of two interacting individuals become 

represented within each individual mind. With reference to electrophysio-

logical studies in monkeys, rare single cell recordings in humans, and neuro-

imaging evidence, they argue that the merged self is induced via the bottom 

up, automatic functioning of the HMS and that this merged state could support 
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human capacities such as empathy.   They note however that this merged self can 

be inl uenced and controlled by various forms of top- down input and that such 

control can be considered preparatory when it is implemented prior to engage-

ment of the HMS, or reactive when it comes online after HMS processing has 

begun. A dynamic interplay between bottom- up and top- down processes then 

mediates the merging and unmerging of two individuals, and thereby supports 

a wide range of social cognition   and behaviour. 

 Following on, in the third chapter of Part I, Graziano provides a superb 

account of state- of- the- art ideas about the form and function of the primary 

motor cortex.   Situating his chapter in historical context, he argues convincingly 

that the motor cortex   can be usefully considered as an ‘action map’   as opposed 

to a homunculus   containing a dispersed and discontinuous map of the body 

(i.e. the textbook description of the motor cortex).   Graziano’s proposal emerges 

from consideration of microstimulation   studies in monkeys in which stimula-

tion is applied for a (longer) duration that better matches the time- course of 

certain behaviours. For example, microstimulation applied to the motor cortex   

for half a second evokes complex movements, such as defensive movements 

and reach to grasp movements, similar to those seen in the animal’s natural 

repertoire. In the i nal part of his chapter, Graziano speculates about the links 

between these defensive reactions, the action map and social behaviour.   

 In their chapter, Coll and Jackson take us beyond action into consideration 

of shared representations   in non- motor domains. Emphasising the overlap of 

personally and vicariously activated somatosensory representations, they pro-

vide an overview of numerous studies of touch and pain   that have used neu-

roimaging, brain stimulation and behavioural methods. Overall, they present a 

compelling case that self- experienced sensation and the vicarious experience 

of sensations share common representational elements. Finally, they point out 

limitations in current work and advocate for a move to more ecologically valid 

studies of shared representations   in the non- motor domain. They also suggest 

the tantalising prospect of using brain stimulation approaches to modulate 

activity in shared representations   for therapeutic benei t in a range of patient 

groups who are afl icted by excessive or impoverished responses to personal 

and vicariously experienced sensations. 

 Rounding out Part I, Cacioppo and Cacioppo provide an illuminating discus-

sion of methodological and theoretical considerations in social neuroscience.   

Starting with a fascinating historical journey, these authors quickly arrive at a 

contemporary metaphor for the brain that goes beyond the computer metaphor 

of the last century. Specii cally, Cacioppo and Cacioppo suggest the brain can 

be likened to a mobile, broadband, connected information-processing device. 

They further highlight the multi- level study of the social brain   and discuss 

methods including psychophysiological measures, functional imaging and epi-

genetics   and gene expression.   Finally, they provide i ve useful considerations 
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for researchers that will help guide thoughtful analyses of data in social neuro-

science experiments. 

 Beginning Part II, ‘Imitation and Mimicry’, Subiaul, Renner and Krajkowski 

contribute an excellent chapter on the comparative study of imitation   in non- 

human primates.   Pointing out the lack of consensus on whether apes can imi-

tate, they go on to dei ne and operationalise key types of imitation, underlining 

that imitation is best considered a multi- faceted psychological capacity involv-

ing motor and non- motor forms. They distinguish between two types of motor 

imitation –  ‘novel’ imitation   of actions that have not been previously executed 

and ‘familiar’ imitation of previously executed actions. After thoughtful con-

sideration of the extant literature, they conclude that, whereas monkeys seem 

to be capable of some familiar motor imitation   and imitation of cognitive rules, 

they are not capable of novel motor imitation.   This is in contrast to apes, which 

demonstrate both novel and familiar motor imitation.   Finally, they suggest that 

imitation of previously executed actions may be a basic capacity shared by 

many animals, and is adaptive for life in the hierarchical social structures in 

which they live. 

 Moving on from consideration of non- human primates,   in the second chap-

ter in this part Oostenbroek and Over focus on cultural and developmental 

perspectives on notions of imitation.   The authors couch their contribution in 

the broader literature of social learning   and cultural transmission,   arguing that 

the importance of imitation extends far beyond learning about the physical 

world (such as how to use tools), into ideas about how children learn about 

their group’s cultural norms,   including values, attitudes, opinions and beliefs. 

By reviewing the social psychology literature on how children learn about the 

social world by copying those around them, Oostenbroek and Over provide a 

compelling and elegant perspective on the utility of studying imitative behav-

iour beyond the motor domain to understand how we develop shared represen-

tations   with others in a social world. 

 In the third contribution to     Part II, Bardi and Brass start their chapter by 

explaining how motor representations   can be activated via internal signals like 

intentions,   or external signals such as the observed actions of others. Drawing 

on a discussion of mirror processing, the authors raise the fundamental ques-

tion of how an agent can distinguish between an intentionally activated motor 

representation   and an externally activated one, and further how the agent can 

control activated motor representations   such that they do not imitate other 

agents all the time. This need for self– other control   mechanisms forms the 

main focus of the chapter and Bardi and Brass provide compelling evidence 

that the areas involved in the control of imitation,   namely, the anterior medial 

pre frontal cortex   (aMPFC)   and the right temporoparietal junction   (rTPJ) over-

lap with areas associated with theory of mind,   mentalising   and agency   attri-

bution.   The authors unpack the likely roles of these brain areas in component 
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processes underlying self– other control with a central idea being that higher 

order cognitive functions are intimately linked to more basic sensorimotor 

mechanisms of self– other processing. They close their chapter with a call for 

more research to better understand this seemingly crucial social cognitive brain 

network, including an examination of whether the network is in fact domain 

specii c or domain general. 

 In closing     Part II, Obhi provides an integrative account of the possible links 

between mirroring   as studied in action observation   and automatic imitation   

tasks, on the one hand, and more naturalistic social mimicry on the other. He 

notes that social mimicry, the tendency to copy the bodily movements of an 

interaction partner, is most often studied by social psychologists, whereas it 

has mainly been cognitive neuroscientists who have studied the mirror system   

in laboratory- based action observation and imitation tasks. As a consequence, 

the link between these two research domains has not been systematically stud-

ied. Obhi then provides an overview of recent experiments that have attempted 

to shed light on whether social mimicry, action observation and automatic 

imitation   ‘tasks’ share common mechanisms. Using a task analysis, he sug-

gests that caution should be taken when equating laboratory- based imitation 

tasks and more natural social mimicry. He ends the chapter with speculation 

on whether social mimicry might usefully be considered an (unconscious) pro-

cess of action selection, and suggests that future work should focus on how 

converging inputs interact to produce mimicry. 

 Part III, ‘Thinking, Perceiving and Acting with Others’, introduces research 

examining the cognitive mechanisms   underpinning our interactions with others 

in a social context. Laidlaw, Risko and Kingstone begin this part with a chapter 

focused on innovative approaches to studying social attention.   They explain 

how the i eld of social attention   is grounded in traditional visual attention   

research, and call into question whether tried- and- tested laboratory approaches 

for studying attention enable us to capture important subtleties and nuances 

involved in how we attend to others in the real world. To overcome these 

limitations, they discuss how new paradigms evaluating looking behaviour in 

more realistic social settings shed light on the importance of gaze   for acquir-

ing social information and controlling what information is communicated to 

others. Their contribution builds a strong case for deeper consideration of the 

‘social’ component of social attention,   and clearly articulates considerations 

for future work in this domain. 

 In the  next chapter , Vesper and Sebanz provide a comprehensive overview of 

the cognitive mechanisms   underlying joint action.   Sebanz was one of the i rst 

researchers to experimentally examine how we coordinate our actions with 

others, and this contribution reviews the seminal contributions made by her 

team and others in an attempt to elucidate how it is that two or more people 

can perform all manner of complex actions together with relative ease. They 
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highlight several mechanisms that support interpersonal coordination,   with a 

focus on the importance of prediction (by both interaction partners) in helping 

to smooth motor coordination between individuals. Their piece also touches on 

how joint action research informs verbal communication,   development of joint 

action, as well as human– robot interactions, thus widening the scope for how 

basic joint action research can apply to related domains. 

 From joint action,   we shift attention to joint perception,   with the third 

piece in this part authored by von Zimmerman and Richardson. In this chap-

ter, the authors challenge the notion that perception is a solitary endeavour, 

and explore evidence documenting how social forces impact how we interact 

with the world and respond to incoming perceptual information. They describe 

ground- breaking work from their laboratory that demonstrates how partici-

pants’ eye movements when looking at positive, negative or neutral pictures 

change when they think an interaction partner is looking at the same pictures 

compared to when they think their interaction partner is looking at a different 

set of symbols. This work underscores how visual perception   is susceptible to 

what others around us are looking at, and the impact of social inl uences on 

basic perceptual processes. 

 The fourth contribution to this part returns to how we coordinate our actions 

with others, this time focusing on the antecedents and consequences of inter-

personal synchrony.   Lakens, Schubert and Paladino review empirical evidence 

that supports two complementary theoretical proposals: that individuals spon-

taneously synchronise their behaviour during social interactions,   and that when 

we synchronise our movements with others, we experience stronger social 

bonding.   Taken together, this work builds a compelling case for the inter-

personal synchrony establishing or reinforcing social connections between 

individuals. 

 The i nal piece in Part III touches upon ideas introduced in several of the 

other chapters in this part to examine a special case of joint action:   musical 

ensemble performance. In this piece by Keller, Novembre and Loehr, we learn 

how successful musical performance   requires performers to coordinate their 

actions across a number of different aspects, including musical dimension, 

timescale, sensory modality and mode of interaction. Returning to the title of 

the entire volume, the authors build a compelling case for just how vital shared 

representations   across each of these aspects is during musical performance, 

and examine behavioural and brain data to show how real- time interpersonal 

coordination   is achieved by performers embodying action outcomes related to 

the self, others and the ensemble as a whole. 

 Part IV, ‘Understanding Others’, begins with a thoughtful contribution from 

Hamilton, who takes an action- centred perspective, in her words ‘a motor chau-

vinist view’, on the functioning of the mirror system.   In particular, Hamilton 

focuses on understanding what, if anything, makes the human mirror system   
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different from the motor system   involved in object- directed action, the object 

motor system. She provides a detailed comparison of these systems in terms 

of cortical localisation, goals and kinematics,   behavioural priming   and famil-

iarity, and training and concludes that the mirror system   is different from the 

object motor system primarily because it responds to for observed and executed 

actions. She asks whether this single distinguishing aspect is sufi cient to war-

rant very different claims about the functional signii cance of the two systems. 

In the last part of the chapter, she cycles back to the idea of motor chauvinism   

and outlines the social responding account   of mirror system   function, which 

holds that the system serves response generation above all else. 

 The  following chapter , by Press, focuses on the observed biological tun-

ing of the mirror response in humans. Citing a range of evidence, Press high-

lights that the mirror response is typically greater for human stimuli than for 

inanimate stimuli, and seems to be particularly inl uenced by the form and 

kinematics   of the observed movement. She goes on to suggest two functional 

implications of this enhanced mirroring   for human actions, including the 

greater likelihood of imitating human rather than robot actions, as a means of 

skill learning, and potentially greater involvement of the motor system   in the 

perception of human actions compared to robot actions. Press points out that 

biological tuning is less likely to differ based on discrepancies in higher order 

inferential processes such as mental state attribution,   since evidence for the 

involvement of mirroring   in this function is lacking. The chapter concludes by 

suggesting that mirroring   is a specii c example of a domain-general process 

that links perceptual and motor systems in the service of action control. 

 In the  next chapter  dealing with understanding others, Dewey and Knoblich 

draw upon a diverse range of evidence to address three main themes. First, 

they consider the effect of action experience on the representation of actions 

made by the self and others.   They emphasise the possible role of mental stimu-

lation   on prediction of (self and other)   action effects. Second, they consider 

how action affordances   affect   the representation of space in relation to self and 

other.   The authors argue that, just as the presence of objects affords actions, 

so too does the presence of other social agents. They provide evidence that 

humans spontaneously take the motor capabilities of co- actors into account 

when working on joint tasks, which results in the construction of joint affor-

dance maps   that represent the range of motor possibilities for all agents in a 

particular action scenario. Third, they go on to consider the fundamental ques-

tion of how we distinguish self from other. They highlight the importance of 

multisensory   integration   of haptic, proprioceptive and visual information in 

maintaining a sense of body ownership.   Finally, they consider the role of motor 

and external sensory information in the construction of a sense of agency.   

 Ansuini, Cavallo, Bertone and Becchio discuss the proposition that inten-

tions   can be understood from observing the actions of others. Citing the 
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