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Not nothing 
without you

but not the same
Erich Fried (1979)

How do I know that I am the person who is moving? The neuroscience of action has
identified specific cognitive processes that allow the organism to refer the cause or
origin of an action to its agent. This sense of agency has been defined as the sense
that I am the one who is causing or generating an action or a certain thought in my
stream of consciousness. As such, one can distinguish actions that are self-generated
from those generated by others, giving rise to the experience of a self-other distinc-
tion in the domain of action. 

A tentative list of the features distinguishing the concept of agency includes
awareness of a goal, of an intention to act, and of initiation of action; awareness of
movements; a sense of activity, of mental effort, and of control; and the concept of
authorship. However, it remains unclear how these various aspects of action and
agency are related, to what extent they are dissociable, and whether some are more
basic than others. Their sources remain to be specified and their relationship to
action specification and action control mechanism is as yet unknown.

Certain cues must be considered as contributing to the awareness of action or its
disruption. These include efferent or central motor signals, reafferent feedback sig-
nals from proprioception, vision, action intentions or prior action-relevant thoughts,
primary knowledge, and signals from the environment. Of these, the experience of
intentionality, of purposiveness, and of mental causation is of particular interest.
Intention directly contributes to the sense of agency and in this volume is extensive-
ly discussed, e.g., with respect to the control of action and the afferent information
coming from peripheral areas of our body.

Moreover, recent conceptual developments have provided new perspectives on
the sense of agency, separating an implicit level of feeling of agency from an explic-
it level of judgment of agency. The first is thought to be characterized by lower-level,
pre-reflective, sensorimotor processes, and the second by higher-order, reflective, or
belief-like processes. In this view, sensorimotor processes contributing to the feeling
level may run outside of consciousness but may be available to awareness. This is
supported by empirical evidence that, for example, minor violations of intended
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actions or action consequences (i.e., brief temporal delays in sensory feedback) do
not necessarily enter awareness, while neural signatures of such violations can be
observed. Experimental operationalization of the sense of agency should consider
these different levels of agency to systematically explore the multiple indicators of
agency and their possible interplay. However, empirical investigations often focus on
judgments or attributions of agency, involving subjective reports and plagued by
errors through misidentification. By contrast, multivariate approaches that include
implicit measures (kinematics, eye movements, motor potentials, brain activity, etc.)
may better access the feeling level of agency. 

This book offers an integrated perspective by considering the psychological, cog-
nitive, neuropsychological, and clinical implications of agency. It consists of three
main sections. The first, Cognition, Consciousness, and Agency, introduces the topic
of agency, highlighting the main critical points of agency investigations. Specifically,
the theoretical and empirical implications of the sense of agency for consciousness,
self-consciousness, and action are considered in Chapter 1, which seeks a causal
explanation of action and analyzes potential mechanisms underlying the conscious
control of action, as implicated in normal individuals and in pathological cases. We
also examine the role that intentions have for agency representation with respect to
initiation, control, and action execution. Another point of interest is the “illusion of
agency,” which provides a critical perspective on the concept of free choice and the
overt representation of self for action. Chapter 2 explores the sense of agency from a
non-mentalistic view, assuming that agency is at least partly grounded in the percep-
tion of various kinds of affordances. Thus, there is a common perceptual component
in awareness that we are doing something. This component is crucial to understand-
ing our sense of joint agency, when we cooperate with other agents in order to
achieve a shared goal.

The investigation of the sense of agency is an increasingly prominent field of
research in psychology and in cognitive neurosciences, as is underlined in the second
section of the book; Brain, Agency, and Self-agency: Neuropsychological
Contributions to the Development of the Sense of Agency. Chapter 3 introduces this
section by exploring recent research developments, which have approached the study
of the sense of agency from the two levels mentioned above, i.e., the implicit feeling
of agency and the explicit judgment of agency. Chapter 4 reviews the current neu-
ropsychological and neuroimaging data, which together have suggested several dif-
ferent brain regions as key candidates in the functional anatomy of agency, thereby
distinguishing the different aspects of the agency experience. The subjective signifi-
cance of the sense of agency for consciousness is the focus of Chapter 5, which, by
reporting empirical results, explores the relationship between fluctuations in daily
experience and agency. Several studies have shown that agency includes an aware-
ness of body movements, goals, intention in action, sense of activity, mental effort,
and the control of action execution. These dimensions are also constituents of sub-
jective experience, which results from the interplay between emotion, motivation,
and cognition in response to internal and environmental events. The role of inter-
action for agency construct is explored in Chapter 6, beginning with a few philosoph-
ical remarks on agency and intentionality and then going on to examine the signifi-
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cance of joined intentions and joint action for the construction of inter-agency. Some
of the most recent suggestions about joint agency are discussed, as is the relationship
between agency and sociality as well as the implications of agency for social behav-
ior and its function in human interactions.

The sense of agency may be disrupted in situations in which action feedback is
unexpected or erroneous, as is critically explored in the book’s third section, Clinical
Aspects Associated with Disruption of the Sense of Agency. Chapter 7 proposes a syn-
thetic view of the different deficits in agency, taking into account perceptive, atten-
tive, and psychiatric domains. Pathologies such as blindsight and numbsense, visual
and somatosensory neglect syndromes, and psychiatric disturbances (such as schizo-
phrenia and autistic syndrome, as well as obsessive-compulsive disorders) include a
consistent impairment in the sense of agency, from both the feeling and the judgment
perspectives. A pilot electroencephalographic study on the perception of the anom-
alous feedback of action, in which agency is disrupted, is described. The results of
that experiment have highlighted the role of personal differences, based on the indi-
vidual’s attitude toward action and on external cues, in the subjective response to
mismatching conditions involving action and action feedback. Chapter 8 discusses
the delusion of control in schizophrenia and in acute psychotic states, in which inter-
nal predictions about the sensory consequences of one’s actions are imprecise. The
sense of agency in psychotic patients is at constant risk of being misled by ad hoc
events, invading beliefs, and confusing emotions and evaluations. Such patients
might therefore be taught to rely more on alternative cues relating to self-action, such
as vision, auditory input, prior expectations, and post-hoc thoughts, and to ignore the
usually robust and reliable sources of internal action information. Taking into
account the pathological and dysfunctional evolution of the sense of agency, Chapter
9 analyzes the mechanisms underlying the feeling of agency and the judgment of
self-causation in obsessive-compulsive disorders. Finally, Chapter 10 considers the
contribution of body representation in agency and self-awareness. The distinction
between body ownership and agency is discussed, pointing out the significance of
propioceptive feedback for self-representation in action. The chapter concludes by
examining the disruption of the sense of agency such as occurs in classical syn-
dromes, for example, “alien hand” and “anarchic hand” phenomena.

I would like to extend special thanks to Adriana Bortolotti, who contributed to the
careful work of editing. The volume was partially funded by the Catholic University
of Milan (D3.1. 2008).

Milan, June 2010 Michela Balconi
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Section I

Cognition, Consciousness and Agency





1.1 
To Be an Agent: What Is the Sense of Agency?

The sense of agency is an increasingly prominent field of research in psychology and
the cognitive neurosciences. In this chapter, awareness of action is distinguished
from the sense of agency, since they represent different elements of self-awareness
and self-monitoring in action execution. Nevertheless, both contribute to causing or
generating an action or a certain thought in the stream of consciousness. Here, we
offer a causal explanation of action and address the mechanisms behind the con-
scious control of action, as they occur under normal and pathological conditions.
Specifically, we consider the theoretical and empirical implications of the sense of
agency for consciousness, self-consciousness, and action. The main question is how
do I know that I am the person who is moving? Psychology and the neuroscience of
action have shown the existence of specific cognitive processes allowing the organ-
ism to refer the cause or origin of an action to its agent [1]. This sense of agency has
been defined as the sense that I am the one who is causing or generating an action or
a certain thought in my stream of consciousness [2]. As such, one can distinguish
actions that are self-generated from those that are generated by others, giving rise to
the experience of a self–other distinction in the domain of action which, in turn, con-
tributes to the subjective phenomenon of self-consciousness. 

A tentative list of distinctions regarding the concept of agency includes aware-
ness of a goal, of an intention to act, and of initiation of action, as well as awareness
of movements, sense of activity, sense of mental effort, sense of control, and the con-
cept of authorship. Yet, it remains unclear how these various aspects of the phenom-
enology of action and agency are related, to what extent they are dissociable, and
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whether some are more basic than others. Furthermore, their sources and how they
relate to action specification and an action control mechanism remain to be speci-
fied. In the interactions with others, the experience of intentionality, of purposive-
ness, of mental causation must be considered. 

From a neuropsychological point of view, there is evidence of different neural
correlates for the sense of agency, which might reflect different agency indicators
and/or sub-processes or levels of agency processing. The first group of brain areas
involved in the sense of agency is located in the motor system and includes the ven-
tral premotor cortex, the supplementary motor area (SMA) and pre-SMA, and the
cerebellum. A second group consists of the dorsolateral prefrontal cortex (DLPFC),
the posterior parietal cortex, the posterior segment of the superior temporal sulcus,
and the insula (see also  Chapter 4). It is probable that the first group constitutes a
network of sensory-motor transformation and motor control, and the second a set of
association cortices implicated in various cognitive functions. An example of the lat-
ter is the DLPFC, which could be relevant in various cognitive functions, such as
behavior, in the temporal domain [3]. More generally, regions of the motor system
may subserve executive functions, and heteromodal associative regions supervisory
functions. 

1.2 
Action and Awareness of Action

It is widely assumed that the processes through which the component elements of the
phenomenology of action are generated and those involved in the awareness and con-
trol of action are strongly interconnected. But what is an action? For Marcel [4], it is
not only a bodily motion or a simple re-action to an external or internal stimulus;
rather, it has a goal, end-point, or effect. We can distinguish the notion of intention,
in which case an action is a realization, from the notions of intentional directedness
and content. Quite apart from being the realization of an intention, actions are
defined as such by their directness, as having definite end-points. Thus, an action is
not a mere bodily movement but consists of two parts, the movement and the inten-
tion-in-action that causes that movement [5]. Moreover, an action has some degree
of voluntariness. For this reason, it is necessary to distinguish an action from a habit
and from something that is caused in the mechanical sense. A movement or behavior
will be seen as an action to the extent that it is “agentive,” i.e., that it is self-gener-
ated and performed at one’s will. 

Another distinction is between physical actions and mental actions. In general,
physical actions involve the production of causal effects in the external world
through movements of the body of the agent, while mental actions, such as pretend-
ing or remembering a name, do not. Thus, the phenomenology of physical actions can
be viewed in terms of a sense of oneself as a physical agent producing physical
effects in the world via bodily interactions with it. In Jeannerod’s componential view
of action [6], bodily movements are merely the overt part of actions that also neces-
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sarily involve a covert, representational part. Thus, what distinguishes an action from
merely being a bodily movement is the fact that the person is in some particular rela-
tionship to the movements of his body during the time in which he is performing
them and that this relation is one of guidance. In addition, the agent of an action is
aware of what is he is doing by virtue of controlling the action, rather than on the
basis of observation or introspection [7]. The relevant notion of control is that of
rational control, which can be described as a matter of practical reasoning leading to
action.

We can also distinguish between what an action is and how it is performed, or the
goal pursued and awareness of the means employed to attain this goal. Specifically,
the phenomenology of action itself concerns what is being done. Actions have a goal
and they involve an element of purposiveness. In other words, we are aware to some
degree that we are engaged in purposive activity. As to the issue of how, beyond
being aware of the goal of our action, we have an awareness of the specific manner
by which the desired result is being achieved. 

1.2.1 

Does Awareness of Action Differ from the Sense of Agency? 

In the above discussion, a constitutive link between the agent’s awareness of an
action and his sense of agency was implied. Nevertheless, empirical evidence sug-
gests that although awareness of action and sense of agency normally go together,
they sometimes diverge. We can therefore ask whether awareness of an action per-
formed by one’s self is sufficient to impart the sense that it is one’s own action. As
pointed out by Dennett (1991) [8], we are not authoritative or incorrigible as to our
conscious experience. There are many examples in which people are unaware of their
phenomenology or are unable to be aware of it. For example, the constraints of atten-
tion make it hard to be aware of all of one’s phenomenology at a time. Or, one may
be generally aware of something without knowing exactly what comprises the expe-
rience, as is the case for emotional experience. In other words, I may be aware of per-
forming a certain action without being able to tell the exact form the content of that
awareness takes.

From a clinical point of view, a vast amount of data suggest, for example, that in
schizophrenia the sense of alien control derives from the fact that the subject is aware
of the content of the action he is executing but denies the agent of this action (see
also  Chapter 8) [9]. A dissociation between awareness of action and sense of agency
can also occur in non-pathological conditions. Illusion of control, in which we expe-
rience a sense of agency for actions someone else is doing, and illusion of action pro-
jections, in which we do not experience a sense of agency for something we are
doing, can be observed in normal subjects [10] (for further discussion of these con-
cepts, see  Chapter 7). 

Many experimental investigations into the sense of agency vs the awareness of
action have manipulated the sensory, and particularly the visual, consequences of a
subject’s actions. In the classical paradigm, a subject is asked to draw a line on a
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paper and while doing so is able to either see the result of his own hand movements
or, unbeknownst to him, that of an “alien hand” (for example, the experimenter’s).
The alien hand’s movements are spatially deviated from the subject’s own move-
ments. Generally, under these conditions, the subject adjusts his own actual move-
ment to the false visual feedback without being aware of the adjustment [11-13].
However, the sense of agency cannot be considered as being solely influenced by
visual re-afferences. Only a few experiments have manipulated internal signals such
as proprioceptive or motor signals. The problem in such studies lies in the fact that
if subjects are instructed to explicitly evaluate self–other agency, internal signals,
such as intentions, as much as external signals, such as visual re-afferences, may
influence the subject’s judgments. Therefore, the question remains: what are the main
differences between the awareness of action and the sense of agency for self? 

We cannot reduce the sense of agency to the sense of ownership of one’s body
despite the wide importance of their interactions [2] (see also  Chapter 10). An action
is not only perceived but is also initiated, controlled, or inhibited. Consequently, we
have to take into account the dimension of the agent who is the cause of the action.
In this perspective, I may not be the agent of all my bodily movements, as in passive
movements when, for example, someone else raises my arm for me. It is only in a
second sense that passive movements are mine because all I own in these cases is the
moving body. Therefore, what must be added to the definition of intention refers to
the neutral state (performed action) and the ability to self-ascribe it (“I am moving”).

The sense of agency is intimately linked to the sense of causality and it results
from the intentional binding of intentions, actions, and sensory feedback, which are
“attracted” to each other, reinforcing the perception of their causal relations.
Therefore, to understand actions, we need to analyze their causal antecedents, that is,
what initiates the action’s occurrence (“why am I writing”) and what specifies the con-
tent of the action (“why am I doing it so”). Moreover, actions are not only preceded
by an intention that is independent of the execution, they are also continuously repre-
sented in the intention-in-action until the end of the action. The sense of agency is not
only the experience of an act of will that is distinct from bodily movements: it is the
experience of the continuous control of action execution. For example, in anosognosic
patients the sense of initiation is disrupted, while de-afferented patients suffer from a
deficit of the sense of their own movements. Anosognosic patients do not try to initi-
ate any action and do not send any efference copy that could be compared to sensory
feedback and that would inform them that the intended movement has not been per-
formed (for the concept of sensory feedback, see Par. 1.3). 

1.3
The Key Determinant Mechanisms for the Sense of Agency

A large body of evidence suggests that the sense of agency, especially the judgement
of agency (also see  Chapter 3), strongly depends on the degree of congruence vs
incongruence between predicted and actual sensory outcome [14, 15]. Congruence of
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the predicted with the actual outcome leads to attribution of the sense of agency to
oneself, whereas incongruence indicates another agent as the cause of an action.
Figure 1.1 diagrams the congruence and incongruence of predicted outcomes and
their effects.

Some cues must be considered as contributing to the sense of agency or its disrup-
tion: efferent or central motor signals, re-afferent feedback signals from propriocep-
tion, vision, action intentions or prior-action relevant thoughts, primary knowledge,
and cues from the environmental context. The motor control system seems to make
use of internal models that mimic aspects of the agent and of the external world.
Internal models have been proposed as being directly linked to the concept of control
strategies [16]. The two main types of internal models suggested for human motor
control are: (1) forward models, which mimic or represent the causal flow of a process
in a system and use it to predict the next state of that system, and (2) inverse models,
which compute the motor commands that have to be carried out to move a system
from its current state to the desired one [17]. Common to these two models is the con-
cept of comparator, which can be defined as comprising the mechanisms that com-
pare two signals and use the result for the system’s regulation (Fig. 1.2). Similarly, the
prevailing explanation of the sense of agency of our own actions is the central moni-
toring theory, also called the comparator model, which postulates that the monitoring
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of central and peripheral signals arises as a consequence of the execution of an action.
In this theory, (central) efferent signals at the origin of an action are matched with
those resulting from its execution (the re-afferent signals), with the comparison pro-
viding cues about where and when the action originated [17-19].

However, the general validity of the comparator model was recently challenged.
Synofzik, Vosgerau, and Newen [20], for example, found that the sense of agency can
be determined by factors independent from any specific comparator output at the
level of action control and action perception. Instead, awareness and attribution of
agency were suggested to critically rely on higher-order causal inferences between
thoughts and actions on the bases of belief states and intentional stances [10]. A clear
example of this is that we often perform movements that we acknowledge were
incongruent to our prediction. Yet we do not attribute their cause to an external ori-
gin, but still recognize ourselves as their agents. In this case, agency is inferred on
the basis of higher-order cognitive processing that exploits environmental and con-
textual cues but is not evoked by an efference copy or any comparator output.

The simulation model invokes a functional role of the motor system and offers an
alternative to the comparator model [21]. It proposes that, in understanding or pre-
dicting other people’s behavior, we use our own experiences to simulate those of oth-
ers [22]. Nonetheless, assuming shared representations for self and other cannot
explain why we normally do not confuse our own actions with those of other people.
Since the mirror neuron system does not provide an explicit representation of other
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agents, an additional mechanism must be assumed in which the representation of me
or someone else as the agent is recognized. 

Other constructs must be included in the determination of the sense of agency, an
important one being the intention of action. Specifically, three principal mechanisms
of intention intervene in defining the sense of agency for an actor: the sense of inten-
tionality or intentional causation, based on the efferent binding of an action and its
effect; the sense of initiation, which binds intention and movement onset; and the
sense of control of actions and thoughts. All three are examined in detail in the fol-
lowing.

1.4
A Critical Approach to Intentions and Intentional Binding Phenomenon

While intentionality can be seen as coinciding with the sense that the agent is the
cause of that action, i.e., a sense of intentional causation, at a more abstract level we
can feel that our intention is the cause of our action, and at a lower level that our
movement is causing some effect [23-25]. Thus, there is a match between prior inten-
tion and an observed action. 

The experience of consciously willing our actions seems to arise primarily when
we believe that our thoughts have caused our actions. We experience ourselves as
agents of our actions when our minds provide us with previews of the actions that
turn out to be accurate when we observe the action that ensues. Nevertheless, this
experience may not be veridical, in that agents may have an experience of agency of
an action they have not actually caused or, conversely, attribute their own actions to
others. A significant example of the dissociation between the sense of agency and
intentionality derives from the observation that matches other than just the match
between a prior intention and an observed action are important as well. One such
match is between an action and its consequences. Usually, the perceived time at
which an action is initiated is experienced as being closer to the perceived time of the
effect. In other terms, the action is shifted forwards in time towards the effect it pro-
duces, while the effect is shifted backwards in time towards the action that produced
it (intentional binding). This observation may be used as an implicit measure of the
sense of agency, serving as a predictive and inferential mechanism of action control.
This mechanism depends critically on the presence of voluntary movement and
requires an efferent signal; the experience of intentional causation appears to be con-
structed at the time of the action itself, as an immediate by-product of the motor con-
trol circuits that generate and control physical movement; accordingly, there must be
a reliable relationship between actions and effects.

In several experiments Haggard and colleagues found support for the idea that
voluntary, but not involuntary, movements and movement consequences are tempo-
rally bound together in conscious awareness [26, 27]. In those studies, subjects
judged the perceived onset of voluntary movements as occurring later and the senso-
ry consequences as occurring earlier than was actually the case. Once an intention-
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to-act has been formed, actions and action consequences are more likely to be attrib-
uted to oneself even if they were externally generated. This can be understood as a
sense of intentional causation and as an intentional binding phenomenon between an
individual (agent) and the observed action of others. It is manifested as the tendency
of subjects to naturally perceive themselves as being causally effective. 

The influence of action-relevant thoughts that increase feelings of self-efficacy
over movements was investigated by Wegner and colleagues [28]. According to those
authors, intentional binding is a link between intention and action and serves many
functions. It may be important during motor learning, for example [29]: I can learn
to correct an error if I can associate it with the corresponding intention. This
approach may be useful in the construction of the agent-self, as it confers the ability
to relate the content of one’s intentions to actions and their environmental conse-
quences. It is directly linked to the tendency of subjects to naturally perceive them-
selves as causally effective and proficient [30].

Intentional binding may be related to increased activation of the SMA or pre-
SMA and insula. These areas have been associated with awareness and the execution
of self-generated actions, with action preparation, and with the subject’s own inten-
tion-to-act [31]. Evidence for the relevance of the supplementary motor cortex to the
experience of intentional actions also comes from patients with neurological condi-
tions: lesions in the SMA have been associated with the so-called anarchic hand syn-
drome, in which patients experience unintended actions of their own hand just as if
the hand had an “independent will.” The binding effect also occurs when we observe
other people’s actions. This was concluded from the results of experiments in which
subjects had to estimate the onset time of pressing a button, which they executed
themselves or which they observed being executed by someone else or by a mechan-
ical device. The estimate of the machine actions was always different from those of
self- or other-generated actions, whereas the latter two were indistinguishable.
Subjects had a slightly delayed awareness of the onset of their own actions and of the
experimenter’s action, evidencing in both cases a binding effect. 

These findings are inconsistent with the predictive account of intentional binding
favored by Haggard [26], provided one assumes that the predictive mechanisms used
for action control also operate when one observes someone else acting. If intention-
al binding is not linked to a particular person, it cannot be the basis of the sense of
authorship for an action. Thus, intentional binding of action and effect would seem
to be associated with the agent-neutral experience of intentional causation, rather
than with the experience of authorship per se [32].

More generally, the sense of intentional causation cannot be the unique and pri-
mary factor of the sense of agency; instead, it is a necessary but not sufficient com-
ponent in the generation of a sense of agency in so far as it can be present when one
observes actions performed by other agents. For example, we often cannot remember
what our prior intentions were and yet we do not disown the actions. It is not clear
how this effect can effectively support the sense of “I” for action, since a binding
effect and sense of intentional causation also occur when we observe other people’s
actions. 
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1.4.1

Awareness, Consciousness, and Agency: Unconscious Perception and Unconscious

Intentions

Broad discussions of the relationship between intentions and agency, focusing on the
role of intentional goal a subject has for action, are not found in the literature. We
view intentions as the main factor establishing the link between self and action,
although we do not consider intention and intention awareness as a prerequisite for
the sense of agency. Conscious representation of our own actions is not a condition
sine qua non for the agency’s existence since also unconscious contexts may gener-
ate the sense of authorship and ownership that constitute subjective agency. This may
explain the “illusion of agency,” especially in those cases in which the sense of
agency is inferred from the attribution of self as an agent who has intentionally pro-
duced that action, when the person did not really cause it.

The awareness of intentions cannot be necessary for awareness of action and
agency: on many occasions, we cannot remember why we are doing something, thus
neither denying its status as an action nor disowning it. Recent work suggests that the
affordances of an object or situation are automatically detected even in the absence
of any intention to act. These affordances automatically activate corresponding motor
programs [33]. One of the main features of the motor system is its limited cognitive
penetrability such that some global aspects of its operation appear to be consciously
accessible and to be reflected in conscious motor imagery [34] whereas we are not
aware of the precise details of the motor commands that are used to generate our
actions. Moreover, the construct of “effort” may not be adequate to explain the pre-
conditions of awareness of action and the sense of agency. The degree of effort
derived from executing an action is not sufficient to support the awareness of being
effective in carrying out an action. There are cases of virtually effortless actions of
which we are not unaware.

Likewise, proprioceptive awareness cannot be necessary for an awareness of
action. Some patients who are deprived of all proprioceptive experience and bodily
sensation are not aware of their actions without vision of the disposition of their
limbs and body, but they know that they have acted. Neither can proprioceptive
awareness be sufficient for people to experience action: for example, reflex passive
movements are proprioceptively experienced but they are not experienced as actions. 

More generally, to what extent are we aware of our intentions, and to what extent
is this awareness necessary to represent our sense of agency? These questions are a
core point since they contribute to assessing the role of awareness of intention in our
own awareness and in the ownership of action. In addition, an awareness of intention
may contribute to having a long-term sense of agency. 

Often it is assumed that intentions are by their nature conscious. Nevertheless,
there are several ways in which we may be unaware of them. Firstly, we frequently
lack explicit awareness of sub-goals in achieving a goal. This applies not only to
how one is achieving the goal with respect to the manner of an action, but also to
actions that are instrumental for the overall goals. Even when I perform a sub-goal
first, as a discrete action, I may be unaware of intending it. However, in most cases
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one can become aware of such intentions. Secondly, in the course of temporally
extended actions, we may forget our intention or the reason behind it. These cases
often consist of the awareness of the sub-goal with temporary unawareness of the
goal. A third example regards non-conscious long-term intentions whose presence is
implied by the effect of their violation. These may be seen more as dispositional
concerns than as intentions. Moreover, in immersed ongoing action, where we are
not in a detached, self-reflective state, we have a general sense of acting intention-
ally but we not are aware of each intention and are often unaware of the specific
content of each intention.

It is also important to emphasize the unawareness of action, rather than inten-
tions. The problem is to determine the content of the conscious level, which is not
merely a reading of the content of the automatic level of action (for this distinction,
see [35]). The content of the conscious level does not include the complete set of
details regarding what has actually been performed and how it has been performed.
Introspectively, the agent seems to have access only to the general context of the
action, i.e., its ultimate goal, its consequences, and the possible alternatives to it.

1.4.2

Self-consciousness and the Illusion of Agency 

There are several kinds of self-consciousness. For example, the awareness of oneself
may be primarily as a mental or as a physical entity. Self-consciousness may be long-
term, persisting overtime while in others cases it is current and present-tense. There
may be a detached awareness of oneself, or a more immediate or immersed one. Self-
consciousness may also be the sense of self as a physical agent; that is, the sense of
being an entity that exists in the physical world and has physical effects via one’s
physicality. But there is also a second sense, of a mental self that is a non-physical
realization, such as the experience of one’s intentions as one’s own.

Is the concept of consciousness, whether physical or mental, necessary for the
sense of agency? Some but not all of the processes of action production and agency
depend on conscious experiences. In fact, generally, a basic form of self-conscious-
ness (awareness or the attribution of “who” to the action) is not informed by concep-
tual thoughts or reflective processing [2]. Must we therefore conclude that agency is
an illusion, unconsciously determined? In general, it is important for people to feel
that they are captain of doing what they are doing. Subjects are profoundly interest-
ed in maintaining the fiction that they have conscious will, and this illusion seems to
have positive effects concerning health [36]. Indeed, retrospective construction of the
feeling of free choice occurs especially in those cases in which we are uncertain
about the degree of deliberateness of an action. 

Wegner [10] introduced two principles that may explain the experience of caus-
ing an effect: the priority principle states that “if you think about an entity just before
some event happens to it, you tend to believe that your thought caused the event.” The
consistency principle states that “if your thoughts about an entity are consistent with
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what happens to it, you tend to believe that you caused what happened to it.” In this
view, action and conscious thoughts are represented as being produced in parallel,
both being generated by the real driving force, which are unconscious neural events
(Fig. 1.3).

The link between conscious thoughts and action represents a causal path that does
not occur in reality but may be erroneously inferred, in the same way as any external
causal relationship is inferred [36]. Retrospective reconstruction assumes a predic-
tive mechanism of the phenomenal experience of intention. According to Wolpert and
Ghahramani [37], a forward model makes predictions about the behavior of the motor
system and its sensory consequences. These predictions are used to compare the
actual outcome of a motor command with the desired outcome, enabling rapid error
correction before sensory feedback is available. In line with that model, sensory
attenuation has been shown to result from these kinds of predictive mechanisms.
Similar processes are implicated when subjects are led to believe that they conscious-
ly intended actions or consequences of actions they did not produce themselves, and
are based on the mechanism of back referral of an intention [36, 38]. Recent empir-
ical studies demonstrated that subjects always indicate that they intentionally initiat-
ed an action while reaction time data strongly suggest that they in fact failed to stop
the action or they misattributed their awareness of intention as a function of inten-
tional involvement during action planning [36]. 
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1.4.3

Consciousness of Self and Consciousness of the Goal

Some important distinctions should be made about the consciousness of self in action
and the consciousness of action per se. The former is related to being conscious of
oneself as causal self. The latter is related to what the action is about in terms of
goals. To be aware of the goal one strives for is one way of being conscious of the
action undertaken to reach that goal. 

In addition, there may be a contrast between the overt and covert aspects of the
goal. Whereas the detailed target of the movement remains outside consciousness,
the overt goal of the actions, concerning the selection of objects, their use, their ade-
quacy for the task under execution, etc., can be consciously represented. The covert
aspects of the goal can, nonetheless, be consciously accessed. For example, in a
series of experiments, subjects were instructed to indicate the moment at which they
became aware of a change in the configuration of a target occurring during their
movement. An analogous situation is when we are driving a car and have to change
its trajectory because of a sudden obstacle in the road: we consciously see the obsta-
cle after we have avoided it [6, 39]. In general, the awareness of a discordance
between an action and its sensory consequences emerges when the magnitude of the
discordance exceeds a certain amount.

The view of consciousness that arises when consciousness is related to action is
a lengthy process that can take place only if adequate time constraints are fulfilled.
Secondly, the type of consciousness that is linked to the experience of embodied self
is discontinuous, operating on a moment-to-moment basis and bound to particular
bodily events. The embodied sense of agency carries an implicit mode of action con-
sciousness, in which consciousness becomes manifest only when required by the sit-
uation at hand. The information derived from this experience generally is short-lived
and does not survive the bodily event for very long. By contrast, the sense of con-
sciousness that we experience when we execute an action gives us a feeling of conti-
nuity, arising from the belief that our thoughts can have a causal influence on our
behavior. Nevertheless, we generally ignore the cause of our actions but perceive our-
selves as causal. The dissociation between the two levels of the self, the embodied
self and the narrative self (see  Chapter 3), has been considered as the origin of an
illusion: the narrative self tends to build a cause-effect explanation, whereas the
embodied self, by avoiding conscious introspection, reaches simpler conclusions
about an action, its goal, and its agent by on-line monitoring of the degree of congru-
ence between the central and peripheral signals generated by the action. Overall, the
role of consciousness, both the short- and the long-term type, is to ensure the conti-
nuity of subjective experience across actions. 
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1.5
The Sense of Initiation

The sense of initiation comes from the link between intentions and movements, and it
is reported by the subject between 80 and 200 ms before the movement actually occurs
[40]. Specifically, the coexistence of awareness of intention and awareness of move-
ment onset within a single narrow window of pre-motor processing suggests that the
binding of these two representations is important: efferent binding may underline the
sense of initiation for the action, such that the sense of initiation is not just the sense
that we have started moving, but that we did so in accordance with our intentions. 

Both intention judgments corresponding to the awareness of an intention to move
and movement judgment corresponding to the awareness of movement onset precede
actual movement and were found to co-vary with the lateralized readiness potential
(LRP) (see Par. 1.5.1) effect of the event-related potential (ERP) [41]. This suggests
that both awareness of intention and awareness of movements are associated with
pre-motor processes rather than with the motor processes themselves. From a neu-
ropsychological point of view, Sirigu and colleagues [42] showed that patients with
parietal damage could report when they started moving but not when they first
became aware of their intention to move, while cerebellar patients behaved like nor-
mal subjects. Both the parietal cortex and the cerebellum are thought to be involved
in the predictive control of action: the cerebellum makes rapid predictions about the
sensory consequences of self-generated movements, while the parietal lobe is impli-
cated in high-level prediction and the more cognitive aspects of action. 

The initiation of movements can therefore be said to have specific neural corre-
lates, such as the dorsolateral prefrontal cortex (DLPFC), pre-SMA, SMA, basal gan-
glia, and primary sensory cortex. There is a great deal of parallel processing in this
region, and the exact temporal order of activation of these areas when a movement
starts is controversial, but it is a reasonable assumption that activity flows from the
prefrontal region (DLPFC) in a generally caudal direction to finish in the primary
motor area. In between, it reverberates around at least five separate cortico-basal
ganglia loops, all of which are probably active in parallel. The output from this region
is via the direct connections that exist between most of these areas and the spinal
cord, which provides the final common pathway to the muscles.

However, it should be noted that although the sense of initiation may be a crucial
component of the sense of agency for an action, it does not offer the guarantee that
the whole action will be owned by the subject who performs the action. In some
cases, we feel that we initiated an action but do not control its course.

1.5.1

The Limited Sense of Initiation: Libet’s Contribution

Libet and colleagues [41] proposed that conscious awareness comes before the actu-
al movement, but after the start of the brain activity leading up to it. They recorded
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the ERPs that preceded a voluntary finger movement and compared their time of
onset with the time at which the subject reported becoming conscious that he was
about to make each movement. Thus, it was possible that consciousness did not cause
the movement in this particular case. Based on their findings, the authors suggested
that, since consciousness arises slightly in advance of the movement, it is still capa-
ble of exerting a veto in the fraction of a second before the movement is executed.
These results pointed out that some self-initiated and voluntary movements are trig-
gered not by consciousness, but by unconscious actions of the brain. The subjects in
those experiments reported experiencing conscious awareness of an “urge, intention
or decision” to move approximately 200 ms before the movement actually took place.
This event places the appearance of their conscious awareness that they were about
to move exactly in the middle of what Libet called the type II readiness potential
(RP) and other investigators the lateralized readiness potential (LRP). Although type
II RPs can occur on their own if the subject has taken care not to pre-plan a particu-
lar movement, they can also be seen as the latter half of type I RPs, which begin a
second or more before movement. The first segment of a type I RP, from the start of
the waveform till about 500 ms before the movement, is probably underpinned by
bilateral activity in the midline SMA. Type II RPs begins about 500 ms before the
movement. Most EEG registrations put neural activity taking place between -500 and
the movement as occurring mainly in the contralateral primary sensorimotor area
(MI), with some residual activity still going on in the SMA. However, SMA activity
was recorded in the interval between -300 and -100 ms and premotor cortex activity
from -100 ms until onset of the movement, while MI activity was seen only from the
onset of the movement until 100 ms afterwards. This would suggest that the neural
generators of the type II RP lie in the SMA rather than in MI (Fig. 1.4).

In parallel, Wegner [10] proposed that the experience of having caused an action
is not different from any other experience of cause-effect: in other words, we main-
tain that something else causes a certain effect if what we think of as the causal event
occurs just before what we think of as the effect (the priority principle) and is the
only apparent cause of the effect (the exclusivity effect) (see also Par. 1.4.2). The
most famous of Wegner’s experiments illustrated the functioning of these effects.
Specifically, subjects were asked to move a cursor around a computer screen and
every 30 s to stop the cursor over some object presented on the screen. In some cases,
the effective movements were manipulated not only by the subject but also by the
experimenter. Subjects were asked to give an “intentionality” rating to the move-
ments (completely sure to have caused or to have not caused the movement). In both
cases (subject or experimenter assigned with causing the movement), performance
was quite poor. When the subject truly caused all of the stops, the average intention-
ality rating was only 56%. When the stops were actually forced by the experimenter,
the intentionality rating was 52%.
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1.6
The Sense of Control

The sense of control can be represented as being made up of more basic, partly dis-
sociable experiences. It may refer to the extent to which one feels in control of an
action, such that the agent may feel that everything happens exactly as expected and
he is in full control of his action. But it also may refer to sense that one has to exert
control, to generate and maintain an appropriate action program. Generally, feeling
in control is perceived as effortless, whereas the exertion of control is perceived as
effortful and the effort increases in the case of the unexpected situation. The type of
control one has to exert depends on the nature of the perturbing factors: external or
internal, physical or not, anticipated or not. Generally, the more one feels that one is
in control, the less one feels one has to exert control and vice versa.

Three more basic experiences may compound the sense of control: the sense of
motor control, the sense of situational control, and the sense of rational control. In
all three, the degree to which one feels in control depends on the results of a com-
parison between predicted and actual states; the better the match, the stronger the
sense of control. One important difference between motor control on the one hand
and situational and rational control on the other is that when one does not feel in full
motor control one is simply aware that something is wrong, whereas when one does
not feel in full situational or rational control, then one can be aware not just that
something is wrong but of what is wrong. 

The sense of control and feeling of mental effort are dissociable. Naccache and
colleagues [43] observed that some patients are unable to be conscious of mental
effort and the lack coincides with a lack of the bodily mediated physiological
responses that index mental effort in healthy subjects. However, the sense of control
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for an action depends on comparisons between predicted states and actual states at
various levels of action specification. We typically experience a feeling of effortless
control when we achieve a perfect match between action and goal, i.e., without hav-
ing to go through corrections or adjustments. Our sense of agency is heightened since
the performed action fully conforms to our intention. In such actions, we meet no
resistance and do not experience the kind of contrast between what we want and what
the world will allow, which would sharpen our sense of self. In actions in which we
meet resistance and have to overcome perturbations, the actual consequences of our
actions do not match our predictions perfectly and we are left with the feeling that
what we did was not exactly what we wanted to do. Nevertheless, at the same time
our awareness of the efforts we have to make to try and keep the action on track
heightens our sense that we are engaged in action.

1.7
The Sense of Agency for Self and for Others: The “Perceptual” Basis 
of Empathy

Some processes are related to the sense of agency, such as imitation and perspective
taking, and to more basic, domain-general processes, such as executive functions and
attention. Imitation and perspective taking imply a distinction between oneself and
others. Both a first-person perspective and a sense of self agency have been proposed
as key constituents of self-consciousness [2, 44]. Moreover, viewpoint-specific spa-
tial cues have been discussed as indicators for the sense of agency; that is, knowing
where the body is and what tools are available help to determine what the person
could have authored. Other actions are generally associated with allocentric as
opposed to egocentric representations. 

Another experimental context that illustrates the dissociation between self-gener-
ated and other-generated action was based on auditory stimulation. Previous evidence
in human subjects suggested that auditory stimuli are processed differently depending
on whether they are a consequence of self-generated action. Shafer and Marcus [45],
for example, showed that the cortical potentials evoked by self-produced tones have
significantly smaller amplitudes and faster component latencies than those produced
by a separate machine. More recently, Blakemore, Rees, and Frith [46] found that both
predictability and the self-generated action have an effect on ERP modulation. The
study demonstrated that different cortical areas are implicated in predictability vs self-
generation of action, Specifically, the effect of hearing an auditory stimulus depends
not only on its predictability, but also on whether the stimulus is produced by self-gen-
erated movement. The two effects are not simply additive since there is a modulatory
effect of motor activity on stimulus predictability. 

In line with previous considerations, the transparency property of subjective expe-
rience states that it is relatively transparent or obvious to the subject that the states
disclosed by bodily experience are or are not of the same type as the states he can
observe through external perception [47]. At one level of conscious experience, the
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sensations and actions of others are presented to the individual in much the same way
as he is aware of his own sensations and actions. The transparency effect explains how
empathy, imitation, and coordination are possible, in so far as these competencies
depend on the perceptual ability to compare one’s sensations and actions with those of
others. A second relevant aspect regards the type of knowledge underlying both our
own behavior and the behavior of others; that is, the fact that there is an asymmetry
between the first-person and the third-person perspective: I may be aware of the sen-
sations and actions of others from the outside, by observing their behavior, whereas I
do not need observation in my own case (for the concept of I-thoughts, see Chap, 3)
since I know from the “inside” that, for example, I am in pain.

Nevertheless, an important question is how the bodily experience of sensation
and action may be transparent with respect to external perception. Recent models
have tried to answer to this question by not assuming different modes of perception
for internal vs external experience, or that the two types of experience involve differ-
ent ways of experiencing the world. Rather, what grounds the sense of ownership is
a constitutive relation between bodily experience and its intentional object, which
makes the experience implicitly reflective [48]. Shifting the object of analysis from
self-perception to perception of the other, recent models have proposed a substantial
analogy between the two levels, stating that social cognition (or cognition of others
from a perceptual or an action point of view) may be considered as a type of extend-
ed field of the subjective experience. 

A role for direct perception in social cognition was defended by Gallagher [49].
The theory invoking direct perception is quite different from the standard theories of
social cognition elaborated in psychology and cognitive science, the theory theory
(TT) and simulation theory (ST). Both posit something more than a perceptual ele-
ment, i.e., “mind-reading” or “mentalizing,” as being necessary for our ability to
understand others. By contrast, certain phenomenological approaches, such as
described by the direct perception model, depend heavily on the concept of percep-
tion and the idea that we have a direct perceptual grasp of the other person’s inten-
tions, feelings, thoughts, etc. Both the TT and ST start with an understanding of per-
ception as a third-person process, an observation of the other person, but each theo-
ry adds to perception certain cognitive elements that allow us to understand the other
that we observe. Specifically, the TT contends that the way in which we understand
other people depends on a practice of mentalizing, in which we employ a theory
about how mental states inform the behavior of others. The ST claims that we have
no need for theories like this because we have a model, in the form of our own mind,
that we can use to simulate the other person’s mental states. We begin by observing
the other person’s behavior in specific environments and, by simulation, we go on to
model their beliefs and desires as if we ourselves were in their situation.

The concept of inter-subjective perception involves a relatively sophisticated
process. It has been shown that young infants are visually attracted to movement, and
in specific ways in the case of biological movements. For example, infants vocalize
and gesture in a manner that seems tuned to the vocalizations and gestures of the
other person [50]. Without the intervention of theory or simulation, and in a non-
mentalizing way, they are able to see bodily movement as being expressive of emo-
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tion and as goal-directed intentional movement, in addition to being able to perceive
other people as agents. This does not require advanced cognitive abilities, inference,
or simulation skills but is a perceptual capacity that is fast, automatic, and highly
stimulus-driven [51]. According to this general model, the mirror resonance mecha-
nism (see [52]) may be thought as part of the structure of the personal process when
it is a perception of another person’s actions. In other words, it is hypothesized that
mirror activation is not the initiation of simulation but it subtends a direct inter-sub-
jective perception of what the other is doing [49].
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2.1
Introduction

All of us are aware when we are doing something. We have a sense of our own
agency. We can also be aware that another agent is doing something. Thus, we have
a sense of the other’s own agency. The relationship between these two types of aware-
ness of action is the subject of intense debates in the philosophy of mind and in cog-
nitive science. Some authors argue that our awareness that we are doing something
ourselves is in fact complex. It involves the sense of agency; we are aware of a bod-
ily action in contrast to a mere passive movement. For instance, I am aware that I am
slapping my hand on the desk, and not merely that my hand is slapping the desk (per-
haps as the result of a reflex, or an external manipulation). But it also involves a dif-
ferent sense, of being the author of the action; we are aware that we ourselves are
doing something, in contrast to another agent.

The conceptual dissociation between the sense of agency and the sense of being
the author of the action raises the possibility that the sense of agency is roughly of
the same kind when we are doing something and when another agent is doing some-
thing. I am aware of my action in pretty much the same way as I am aware of anoth-
er agent’s action. In both cases I perceive an action as such, as opposed to its being
a mere passive movement. Whether or not I self-ascribe the perceived action depends
on the operations of a different mechanism of self-identification [1, 2].

In this chapter, I argue for the more limited claim that the sense of agency is at
least partly grounded on the perception of various kinds of affordances, both in our
own case and in the case of other agents. Thus, there is a common perceptual com-
ponent in our awareness that we are doing something and that another agent is doing
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something. Moreover, I try to show that this common component is crucial to under-
standing our sense of joint agency, when we cooperate with other agents in order to
achieve a shared goal.

The claim that the sense of agency is broadly perceptual suggests that it does not
involve the exercise of theoretical concepts of intentional action, as embedded in a
theory of mind. If true, this suggestion can be extended to the sense of joint agency.
Joint action is often pictured as a quite sophisticated achievement, which requires
reflecting on the other participants’ intentions. Here, in contrast, I argue for a non-
mentalistic analysis of at least some genuine forms of joint action. The chapter is
structured as follows. In Par. 2.2, the concept of social perception and its relationship
to theory of mind or, more generally, mind-reading abilities is introduced. In Par. 2.3,
the concept of affordances is defined without commitments to more radical
Gibsonian claims. In Par. 2.4, a distinction is drawn between instrumental affor-
dances (the fact that something can be done) and deontic affordances (the fact that
something should be done). Paragraph 2.5 is an investigation into the neural bases of
instrumental affordances, taking up the suggestion that they involve canonical neu-
rons in the pre-motor cortex. Paragraph 2.6 distinguishes between egocentric percep-
tion of affordances (when I perceive that I can do something) and allocentric percep-
tion of affordances (when I perceive that another agent can do something). In Par.
2.7, I suggest that the perception of affordances can also be dependent on the percep-
tion of another agent’s action. The perception of action can reveal affordances that
would be hard or even impossible to perceive otherwise. Paragraph 2.8 introduces the
concept of interpersonal affordances, which will be crucial to the proposed analysis
of joint action. Finally, in Par. 2.9, I compare two models of joint action. The first
model links the ability to engage in joint action to mind-reading, whereas the second
model is grounded in the idea that joint action involves the participants’ non-mental-
izing perceptions of various kinds of personal and interpersonal affordances.

2.2
Social Perception and Mind-reading

One of the major tasks of a cognitively oriented approach to the mind is to explain
our amazing skills for social interaction and understanding. A more specific question
is to what extent these skills rely on a mind-reading ability, conceived as the (perhaps
uniquely human) ability to understand, explain, and predict the behavior of others in
terms of their mental states, including beliefs, desires, emotions, and intentions. The
ability of mind-reading was initially modeled as involving the possession of a theo-
ry of mind. As David Premack and Guy Woodruff argued in their groundbreaking
work on mind-reading [3]: 

A system of inferences of this kind may properly be regarded as a theory because
such [mental] states are not directly observable, and the system can be used to make
predictions about the behavior of others. (p. 515)
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More recently, the mind-reading ability has been conceived more broadly as
involving both theory and mental simulation [4]. Moreover, some psychologists have
suggested that it is realized in an innate cognitive module encapsulated from the sub-
ject’s consciously accessible knowledge [5, 6] (see Chapter 1 of [7] for a detailed
review). But the main idea has been that most, if not all, mental states cannot be
directly observed; rather, they must be inferred from the direct observation of some-
thing else, such as behavior. In this view, the human mind involves a mind-reading
system that can take as inputs perceptual (first-order) representations and yield as
outputs other (including second-order) representations (i.e., representations about
other representations) that can be fed into the practical reasoning system, which can
then produce relevant behavior, including linguistic utterances. This simple model
can be called “the serial view” of the relationship between perception and mind-read-
ing (Fig. 2.1).

For instance, I perceive my friend’s avoidance behavior towards an approaching
person. Reading his mind, I come to the conclusion that he does not want to meet that
person (activation of the mind-reading system). I am curious to know why, and I ask
him (activation of the practical reasoning system).

An objection to the serial view is that it neglects the fact that we have “social
senses,” to use Bernard Conein’s highly appropriate phrase [8]. In other words, we
can apparently perceive (rather than infer from anything else) social events and states
of affairs, or at least we can take advantage of perceptual cues that are socially sig-
nificant. As many authors have pointed out, the human mind involves a social per-
ception system that directly responds to sensory stimulations and produces as outputs
representations that already have a social significance:

Social perception refers to initial stages in the processing of information that culmi-
nates in the accurate analysis of the dispositions and intentions of other individuals.
([9], p. 267)
What we call “social perception” is the part of the human visual system specialized
in the processing of cues of social actions and social intentions. ([10], p. 236)
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Thus, the concept of social perception refers to relatively low-level neural mech-
anisms, many of them located in the superior temporal sulcus [11, 12], that are capa-
ble of detecting socially relevant cues, such as directions of gaze, gestures, facial
expressions, and speech. Pierre Jacob and Marc Jeannerod have a more restrictive
concept, according to which only cues of actions and intentions directed toward con-
specifics (intentions to affect the other’s behavior) are included in the domain of
social perception [10]. They call such actions and intentions “social,” in contrast to
actions and intentions directed toward inanimate objects. For our purposes in this
chapter, we stick to the broader concept of social perception, according to which per-
ception is social as soon as it is about cues of another subject’s actions and inten-
tions.

The question now arises how we should modify the serial view in order to take
the social perception system into account. Obviously, the outputs of the latter can
serve as filtered inputs to the mind-reading system in a way that reduces the need for
the construction of complex representations of socially relevant cues out of piece-
meal perceptual information. Due to the computational work already done at the
level of the social perception system, these cues can pop out as sui generis perceptu-
al Gestalten. So, the simplest way of modifying the serial view remains as serial as
ever (Fig. 2.2).

One might still object to the modified serial view because it does not deal with
many ordinary cases of social interaction. Sometimes, if not often, the social percep-
tion system has a causal as well as a rational impact on behavior that does not seem
to hinge on the mind-reading system. From a phenomenological point of view at
least, we can react to the other’s behavior without bringing to bear theoretical con-
cepts of mental states, such as intentions. As Gallagher put it [13]: 

Phenomenology tells us that our primary and usual way of being in the world is
pragmatic interaction (characterized by action, involvement, and interaction based
on environmental and contextual factors), rather than mentalistic or conceptual con-
templation (characterized as explanation or prediction based on mental contents).
(p. 212)
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If Gallagher is right, there must be two routes from the social perception system
to behavior, one of which goes through the mind-reading system but the other
bypasses it. Moreover (although Gallagher may disagree on this further count), the
non-mentalistic route from the social perception system to the mind-reading system
can be a representational route, meaning that the social perception system produces
as outputs conceptual (or proto-conceptual) representations that can activate the
practical reasoning system, rather than having a direct impact on behavior. The
upshot of this is that the subject can behave in an intelligent and flexible way on the
basis of her perception of socially relevant cues. Let us call this “the parallel view”
of the relationship between social perception and mind-reading (Fig. 2.3).

One might wonder how the outputs of the social perception system can be about
socially relevant cues without involving theoretical concepts of mental states. But the
idea of a social perception system does not entail that one perceives the relevant cues
as social cues, in a way that would indeed mobilize concepts whose mastery depends
on having a mind-reading ability. Consider, for instance, the case of biological
motion. It is very plausible that, thanks to dedicated neural mechanisms, we see bio-
logical motion quite differently from any other kind of physical motion [10, 14]. Now
biological motion is of course an important cue of the agent’s intentions. It does not
follow that we perceive biological motion as providing cues of intentions. In gener-
al, the concepts that figure in the output representations of the social perception sys-
tem are concepts of behavioral invariants and regularities that need not be embedded
in a theory of mind, but can be used in further (strictly first-order) reasoning eventu-
ally leading to appropriate behavior.

Admittedly, the parallel view is entirely schematic as it currently stands. To begin
with, a detailed story should be told about the conditions under which the mind-read-
ing system is activated. One might claim, following Gallagher [13], that this system
is involved only in special cases of social observation, as opposed to more frequent
cases of social interaction. There is social observation without interaction when one
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observes from the outside, in a detached manner, another person doing something, or
several persons interacting with each other but not with the observer. Alternatively,
one might argue that the mind-reading system always attends behavior and, at least
sometimes, re-describes the transactions between the social perception system and
behavior in mentalistic terms (in line with Daniel Povinelli’s reinterpretation hypoth-
esis; see [15]). In this picture, the perception of socially relevant cues can be re-
described using the conceptual resources of the mind-reading system, for instance, as
cues of intentions and other mental states.

My aim here is to show that basic forms of joint action can rely on the social per-
ception system to a considerable extent, without bringing to bear mind-reading abil-
ities. Joint action is often deemed to involve a higher-level awareness of the other’s
intentions, but if I am right, this is not necessarily the case. My claim is that joint
action is grounded in the perception of various kinds of affordances, including social
or at least interpersonal affordances. However, before we come to the mechanisms
underlying joint action, it is necessary to introduce the general concept of affor-
dances.

2.3
The Concept of Affordances

The concept of affordances was introduced by the ecological psychologist James J.
Gibson, who proposed the following definitions:

What is meant by an affordance? A definition is in order, especially since the word
is not to be found in any dictionary. Subject to revision, I suggest that the affordance
of anything is a specific combination of the properties of its substance and its sur-
faces taken with reference to an animal. The reference may be to an animal in gen-
eral as distinguished from a plant or to a particular species of animal as distin-
guished from other species. ([16], p. 67)
The affordances of the environment are what it offers the animal, what it provides or
furnishes, either for good or ill. ([17], p. 127)

There is little doubt that there are affordances in the world. From an ontological
point of view, affordances can be seen as complex physical relations involving an
object or a set of objects in the world and the animal’s cognitive set or, more precise-
ly, whatever physically realizes the animal’s various abilities and skills (including
neural mechanisms). Affordances involve various dispositional properties of the
object or set of objects, namely, dispositions to elicit various types of actions or reac-
tions on the animal’s part. For instance, if the door is wide enough, it will afford the
action of moving the fridge through it. If a chair has the right height, it will afford
the action of sitting on it, and so on and so forth.

Affordances can be relative to a species. For instance, water counts as a standing
surface for the dragonfly but not for the cat. Moreover, within the same species or
even in the same individual, affordances can still be relative to the situation. As an
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example, a spoon can be used by a prisoner to eat his soup but also (as he suddenly
realizes) to dig a tunnel in the ground that (if he is patient enough) will allow him to
escape his cell.

If there are affordances, the next question is whether and how an animal can
access them. Gibson’s controversial claim is that affordances can be directly per-
ceived, or at least known, without inference. For instance, one can perceive the spoon
as affording specific types of spoon-related actions. So, perceiving affordances
yields information about one’s possibilities of action and reaction in one’s present sit-
uation. The perception of affordances can be hard-wired or acquired through condi-
tioning or other forms of learning.

As José Bermúdez usefully points out: “to say that affordances are directly per-
ceived is precisely to say that instrumental relations can feature in the content of per-
ception” ([18], p. 118). Instrumental relations relate a bodily means M (a type of
bodily movement) to a goal G (a possible future state of affairs). More specifically,
there is an instrumental relation when actualization of the type of bodily movement
M results in G’s being the case. For instance, turning the doorknob and pushing the
door would lead to a specific result, namely, that the door is open. I will use the nota-
tion [M � G] to refer to instrumental relations in this sense. Thus, the claim that we
can perceive affordances is the claim that the content of perception can have the form
[M � G]. For instance, I perceive the doorknob and the door to which it is attached
as affording a complex action, that of opening the door.

Based on this interpretation, the perception of an affordance is similar to the per-
ception of a counterfactual state of affairs. I can perceive the affordance of the door-
knob and the door even though I am not actually doing anything. What I perceive is
that if I turned the doorknob and pushed the door in the appropriate way, the door
would be open. Not all perceptions of counterfactual states of affairs are perceptions
of instrumental relations. For instance, I can perceive that a particular vase is fragile,
which means that if the vase fell to the ground, it would break. In this case, my per-
ception is about a counterfactual state of affairs that does not involve any instrumen-
tal relation. Of course, I might also perceive the vase as affording a type of action,
i.e., as being such that, if I pushed the vase over the edge of the table, it would fall
to the ground and break. Instrumental relations are counterfactual states of affairs
that are specifically about bodily means to physical goals.

Like other forms of perception, the perception of affordances can be illusory in
various respects. I can have the visual experience of the doorknob and the door as
affording the action of opening the door, while the door is actually locked. In such a
case, my experience would not be fully veridical. It is not the case that if I turned the
doorknob and pushed the door, the door would be open. On the contrary, it would stay
closed, and I would need to actualize another means (probably involving the right
key) to the intended goal.

The perception of affordances warrants instrumental beliefs that play a special
functional role in our cognitive economy. These beliefs combine with appropriate
motivational states, such as desires, to lead into action. If I perceive an affordance of
the form [M � G], and if I am independently motivated to reach goal G, then I will
be at least inclined to actualize the type of bodily movement M. It is very important

2 Affordances and the Sense of Joint Agency 29



to note that none of this involves any form of reflection on my practical reasoning.
The perception of affordances is about bodily means to physical goals, but it does not
require the activation of my mind-reading system.

The thesis that we can perceive affordances should be dissociated from two inde-
pendent, more radical claims also endorsed by Gibson and some of his present-day
followers. One of these claims is that all that we ever perceive are affordances. This
is not an obvious implication of our previous considerations. Even if we can perceive
affordances, we might also be able to perceive things that have nothing to do with our
local opportunities for action. As John Campbell pointed out [19], we sometimes per-
ceive objects, such as stars in the sky, without having the least idea of what they can
be used for.

The other radical claim associated with the Gibsonian tradition is that the percep-
tion of affordances is direct, in the sense that we do not perceive an affordance by
perceiving anything else (in contrast to a case in which we hear a car by hearing the
sound it makes). This is controversial. For instance, Campbell argued that even if we
may not be able to perceive affordances concerning other species, for instance, con-
crete interstices that afford nesting for pigeons, we can somehow perceive the rea-
sons why a physical structure supports a specific affordance. As Campbell put it, “we
see the ground of the affordance” ([19], p. 143). In general, it might be argued that
the perception of an affordance is always indirect, in the sense that we perceive
opportunities for various types of action by perceiving categorical properties, such as
shape, size, and texture, of a particular object, surface, or structure.

In what follows, I use the concept of affordances independently of the more rad-
ical claims that we perceive nothing but affordances and that we perceive them
directly. The general idea that we can perceive affordances, or at least know about
them from sensory experience without inference, even though our perception of
affordances is typically if not always based on the perception of something other than
affordances, is all I need for present theoretical purposes.

2.4
Instrumental vs Deontic Affordances

An assumption of the foregoing definition of affordances is that they are motivation-
ally “cold,” in the sense that their perception need not be accompanied by any strong
inclination to realize them. Perceiving an affordance of the form [M � G] can ground
a belief of the form “I can do G by M-ing.” The perceiver can thereby know, on the
basis of observation, that if she were independently motivated to do G, she would be
inclined to do G by M-ing (for instance, to drink by manipulating the glass in the
appropriate way). We perceive many instrumental affordances around us, but fortu-
nately we are seldom if ever inclined to act according to all of them.

Now perhaps there is another kind of affordance whose perception is motivation-
ally “warm,” in the sense that it necessarily involves some inclination to realize them.
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Let us say that these affordances are deontic rather than instrumental. Like
instrumental affordances, their perception can ground a belief of the form “I can do
G by M-ing,” but unlike instrumental affordances, they can also ground a belief of
the form “I should do G by M-ing,” which, we may suppose, involves the motivation
to actualize the bodily movement M in order to reach the goal G.

Perhaps deontic affordances are perceived in emergency situations, especially
when the latter have a strong moral relevance. For instance, I see from the shore that
a person is drowning and I immediately jump into the water to try and save her. What
I perceive is not merely an instrumental affordance. Of course, I know by observa-
tion that I can save the person by actualizing a series of appropriate movements, but
I also realize that I should save the person and, if I am not morally insane, I immedi-
ately act accordingly.

There are two possible views about the relationship between instrumental and
deontic affordances. According to one view, the perception of deontic affordances is
just the perception of instrumental affordances accompanied by independent motiva-
tional states; for instance, a desire to save the person. In the second view, the percep-
tion of instrumental affordances is the perception of deontic affordances that have
been somehow inhibited. One syndrome that could be relevant to assess these views
is utilization behavior, observed in patients with a bilateral focal frontal lesion [20,
21]. Here is how Tony Marcel described this syndrome [21]:

If there is some object that can be used or manipulated within the patient’s vision and
within reach, the patient will use it to perform actions appropriate to the object,
though they have been asked not to do so. [The patients] cannot stop themselves per-
forming actions with the irrelevant object. (p. 77)

For instance, the patient sees a pair of glasses lying on the table, and cannot stop
putting them on him, even if he is already wearing another pair. Marcel observed that
in utilization behavior the abnormal actions are “environment-driven.” In our termi-
nology, they are driven by the perception of deontic affordances that the patients can-
not inhibit, perhaps because of their frontal lesions. One may speculate that such
patients lack the executive resources to transform their “warm” perceptions of deon-
tic affordances into “cold” perceptions of merely instrumental affordances. If this is
right, then the perception of deontic affordances is prior to the perception of instru-
mental affordances in the order of explanation, in the sense that the latter should be
considered as a suppressed form of the former.

2.5
Canonical Neurons as Reflecting Instrumental Affordances

In a series of single-neuron recording experiments on macaque monkeys, Giacomo
Rizzolatti and his colleagues in Parma investigated the functional properties of neu-
rons in area F5, the rostralmost sector of the ventral premotor cortex that controls
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hand and mouth movements [22]. A fundamental functional property of area F5 is
that most of its neurons do not discharge in association with elementary movements
but are active during purposeful object-oriented actions, such as grasping, tearing,
holding, or manipulating objects. Although the majority of neurons in F5 are purely
motor neurons, area F5 also contains two classes of visuomotor neurons: canonical
neurons and mirror neurons. The latter class of neurons will be discussed below; let
us now focus on the former class.

Canonical neurons are activated during the execution of goal-related movements
and also discharge during object observation, typically showing congruence between
the type of grip they motorically code and the size/shape of the object that visually
drives them. Since they associate a motor program with a perceived object, it is rea-
sonable to think of them as reflecting affordances [23, 24]. Here is Susan Hurley’s
speculation about the origin of canonical neurons’ functional properties [24]:

It could be predicted that cells that mediate the association between copies of motor
signals and actual input signals might come to have both motor and sensory fields.
Suppose an animal typically acts in a certain way on the perceived affordances of a
certain kind of object: eating a certain kind of food in a certain way, for example.
There will be associations between copies of the motor signals for the eating move-
ments and a multimodal class of inputs associated with such objects and the eating
of them. Any cells that mediate this association might thus have both sensory and
motor fields that between them capture information about the affordances of the
objects in question. Canonical neurons are candidates for such predicted sensorimo-
tor affordance neurons. (p. 235)

Note that Hurley’s description depends on the assumption that the animal has
often realized in the past the affordances it has perceived–otherwise the sensorimo-
tor associations she is talking about would not have arisen. This assumption is con-
sonant with the conclusion reached in the previous paragraph, about the explanatory
priority of the concept of deontic affordances over that of instrumental affordances.
More precisely, we can assume that the perception of instrumental affordances
always has some deontic and thus motivational component, which can be more or less
repressed depending on what is practically relevant in the situation. To sum up,
canonical neurons can be seen as at least contributing to the neural basis of our abil-
ity to perceive basic instrumental affordances, namely, those that concern hand and
mouth transitive actions.

2.6
Egocentric vs Allocentric Perception of Affordances

Personal affordances are relative to a particular agent’s dimensions, abilities, and
skills. Their perception can be called egocentric when the agent is the perceiver her-
self. When I have an egocentric perception of an affordance, I have reason to believe
that I can do something. In contrast, perception of personal affordances can be called
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allocentric when it concerns another agent’s dimensions, abilities, and skills. When
I have an allocentric perception of an affordance, I have a reason to believe that
someone else can do something. 

Do we actually have the ability to perceive the world as affording someone else’s
actions? An affirmative answer is suggested by experiments conducted by Thomas
Stoffregen [25]. Subjects were asked to estimate both the maximal and the preferred
heights of an adjustable seat relative to actors of different sizes. In one condition, the
subjects’ estimations were based on the perception of the actor standing still next to
the seat. In another condition, they were based on the perception of cinematic infor-
mation in the absence of the actor (but in the presence of the seat). The authors found
that the subjects’ estimations were by and large correct. These results suggest that the
subjects perceive personal affordances that can be specified by statements such as
“This chair is almost too high for this person to sit on” (in the maximal height esti-
mation condition) and “This chair is high enough for this person to sit on comfort-
ably” (in the preferred height estimation condition).

There are two important differences between egocentric and allocentric percep-
tions of affordances. First, even though my egocentric perception of an affordance of
the form [M � G] warrants the belief that I can do G by M-ing, the self need not be
explicitly represented in perception. I may perceive the reachability (by me) of the
apple, even though I am not a component of the visual field, unlike the apple (see
[26]). In contrast, allocentric perception of affordances requires explicit representa-
tion of the relevant agent, and thus involves slightly more complex representational
resources. Second, as we have seen above, my egocentric perception of an affordance
of the form [M � G] will normally lead to action in concert with the desire to do G.
In contrast, my allocentric perception of an affordance warrants the belief that the
other can do G by M-ing, but this won’t necessarily lead to action in concert with the
desire to do G. Think of a case in which I am unable to actualize the type of bodily
movement M.

It follows that our ability to perceive affordances allocentrically cannot be
explained simply in terms of congruence with our own motor programs. Of course,
the allocentric perception of something that another person can do is sometimes
accompanied by the egocentric perception of something that I can do too. In such a
case, I perceive the world as affording an action that either I or the other person can
do. As Stoffregen’s experiments showed, though, this cannot be the general case.
Even if we assume that the allocentric perception of an affordance involves the covert
simulation of an action of the same type as the action that the other can do in her sit-
uation (namely, activation of a broadly congruent motor program), the subjects’ esti-
mations in these experiments are clearly too fine-grained to be deduced from the
stimulation process alone.

It remains the case that allocentric perception of affordances does not require
mind-reading abilities. Perceiving that another person can reach a physical goal G by
actualizing a type of bodily movement M falls short of ascribing mental states, such
as intentions, to that person. All that is needed is the first-order ability to represent
other people and their bodily movements (as well as counterfactual relations).
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2.7
Mirror Neurons and Action-dependent Affordances

What I want to suggest now is that the perception of another subject’s individual
action also reveals new personal affordances, which otherwise would be unperceived
or at least harder to experience.

As we have seen, area F5 of the ventral premotor cortex contains another class of
visuomotor neurons, “mirror neurons.” These fire both when the subject makes a
goal-directed action, such as grasping a nearby object, and when the subject observes
a similar action performed by another agent. In contrast to canonical neurons, mirror
neurons do not fire in the mere perceptual presence of the object [27, 28].

In a famous, mentalistic interpretation ([29, 30], mirror neurons constitute the
neural basis of our ability to understand the other’s intentions, such as the fact that the
other has a certain goal G that he expects to attain by actualizing the bodily movement
M. Mirror neurons, and more generally the mirror systems to which they belong, serve
a retrodictive function; their role is to reconstruct the agent’s intention from an obser-
vation of her bodily movements. The leading idea is that motor resonance allows the
observer to know what the other intends to do because “he knows[s] its outcomes
when he does it” ([31], p. 396). If this is the case, mirror neurons are central compo-
nents of the mind-reading system, at least as far as intentions are concerned.

An objection to the mentalistic interpretation of mirror neurons is that the latter’s
function is not to produce a representation of the goal from the observation of bodi-
ly movement but rather to predict or anticipate the movement from a prior, independ-
ently constructed representation of the goal outside the motor system [32]. At least
two empirical considerations seem to support this objection. First, although mirror
neurons do not discharge when the subject observes a pretend transitive action (for
instance, the experimenter acts as if he is grasping an object where there is none),
they may discharge when a monkey watches the experimenter about to grasp an
unseen object (hidden behind a screen) that the monkey independently knows to be
there and edible. In such a case, it seems clear that the action’s goal is not perceptu-
ally given.

Another consideration is that mirror neurons can depend on a more general
“action plan” [33]. The same action (for instance, grasping an object) can activate
different mirror neurons depending on the action to be made at the next step (eating
the object or placing it in a container). According to Gergely Csibra, “[t]his is a clear
demonstration the [mirror neurons] take into account the further goal, and not just
the perceived action, when responding to observed actions” ([32], p. 445).

Independently of the foregoing objection to the mentalistic interpretation of mir-
ror neurons, one may also argue that mirror neurons and systems embody informa-
tion about the observer’s own action opportunities, rather than generate (by them-
selves) a representation of the other agent’s intention. In our terminology, mirror neu-
rons underlie egocentric perceptual representations of personal affordances, i.e. of
what the observer herself can do in a given situation. Günther Knoblich and Scott
Jordan formulated this argument [34]:
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The kind of action understanding the mirror system provides is ego-centered and
does not necessarily include an explicit representation of another agent. As a conse-
quence, organisms endowed with a mirror system may have the ability to understand
that objects are affected in a way that in which they could also affect them, but they
may not understand that the peer who is producing the action is an agent like them-
selves. (p. 116)

For instance, let us assume that a monkey observes a conspecific picking up a red
berry in a bush. What the monkey perceives is not the other’s intention to pick up a
red berry, but rather a specific instrumental relation: it sees that the actualization of
a complex bodily movement of a given type (stretching the arm in a given direction,
grasping the berry, and so on) would lead to an interesting outcome (picking up more
berries, assuming that there are some left to eat in the bush). In this interpretation,
mirror neurons are like canonical neurons in that they can be part of a perceptual sys-
tem capable of revealing personal affordances egocentrically. They are not redundant
since they can reveal affordances that would be more difficult to perceive by way of
canonical neurons in the absence of the observed action. Once again, the observation
of the other monkey picking up a red berry in a bush might make the observer real-
ize that there are edible berries in the bush to be picked up in certain way, where
these berries would otherwise be barely visible.

Rizzolatti et al. [28] anticipated such an interpretation in the following passage:

When the monkey observes another monkey grasping a piece of food, the obvious
action to take would be, for example, to approach the other monkey, but certainly not
to repeat the observed action. (p. 667)

However, it is not clear that there is a real contrast here. When there are enough
berries in the bush, it might be better for the monkey to wait until the other monkey
has left and directly approach the bush, rather than taking the risk of stealing the
berry already in the hands of its conspecific. 

Knoblich and Jordan’s interpretation of the function of mirror neurons is plausible
(see [35]), although two caveats are perhaps in order. First, the crucial issue is whether
the activation of mirror neurons should be conceived as (part of) an exercise of mind-
reading, not whether it involves the perception of an agent as such. According to a
non-mentalistic interpretation of the function of mirror neurons, my perception of
someone else involved in an action reveals a new personal affordance, namely, that a
certain goal can be achieved by way of a certain type of bodily movement (whose
occurrence I am currently seeing). This is compatible with the fact that I explicitly
represent the other as an agent, at least in the minimal sense according to which an
agent is the locus of biological motion quite unlike mere physical movement. In this
sense, I can explicitly represent an agent without representing her as having mental
states such as intentions, i.e. without mobilizing my mind-reading system.

The second caveat is that the perception of someone else’s action can also reveal
personal affordances allocentrically, that is, as affordances relative to the observed
agent herself. When the relevant bodily movement can be actualized either by the
observer or the observed agent, the difference between egocentric and allocentric

2 Affordances and the Sense of Joint Agency 35



perception of the affordance is not obvious. (Of course, if G is the goal of picking up
and eating a particular berry, then the more the monkey’s action unfolds in time, the
less I can perceive an affordance of the form [M � G] egocentrically, since as soon
as the monkey reaches G, that goal is no longer available to me.) What is important
is that in neither case does the observer have to mobilize theoretical concepts of men-
tal states. Whether the perception of the affordance is egocentric or allocentric, it
falls short of ascribing the goal to anyone, in the form of an intention. It merely con-
tributes to revealing to the observer a goal that can be reached in a certain way.

In a nutshell, the suggestion is that there are two kinds of observable personal
affordances. Some of them are action-independent, in the sense that they can be per-
ceived without perceiving any action, whereas others are action-dependent, in the
sense that they can be perceived only by perceiving an action. Just like action-inde-
pendent affordances, action-dependent affordances can be perceived either egocen-
trically (relative to oneself) or allocentrically (relative to the observed agent). In nei-
ther case need the action be mentalistically conceived by the observer.

What remains controversial is the role of mirror neurons in underlying percep-
tions of action-dependent affordances. If Csibra’s interpretation is on the right track,
mirror neurons cannot generate by themselves representations of goals, which must
be represented outside the motor system. Now, given a sufficiently liberal conception
of perception, one might allow for the perception of an action-dependent affordance
of the form [M � G] in a situation in which the only observed action involves the
subgoal G’ rather than G itself. For instance, by observing the action of grasping an
object, one might perceive that there is a bodily means to the goal of it being eaten,
or alternatively of it being placed in a container. In other words, the fact that no
action involving the goal G is perceived does not entail that G is not perceptually rep-
resented (as a possible state of affairs). Features of the situation and the observer’s
own perceptual history and expectations might be rich enough to enable the percep-
tion that there is a bodily means [M � G]. This perception, assuming that it is avail-
able to us, cannot be based on motor mirroring only, as the goal G must be represent-
ed independently, outside the motor system (for a more general criticism of the motor
theory of social cognition, see [36]).

2.8
Interpersonal Affordances

What we have studied so far are personal affordances, either relative to oneself or to
someone else. Personal affordances can be contrasted with interpersonal affor-
dances, which are relative to at least two subjects. Interpersonal affordances are
opportunities for joint action, and their perception has both an egocentric and an allo-
centric aspect.

The questions arise of when the world affords joint action of a given type, and
when such an affordance can be perceived by the participants. Michael Richardson
and colleagues [37] investigated cases in which basic joint actions occur sponta-
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neously, i.e., without prior planning. They hypothesized that the transition points
between solo and duo actions are determined by the subjects’ perceptions of relevant
interpersonal affordances, determined by complex relations between the constraints
provided by the current task, the environment, and their own dimensions and abili-
ties. Thus, they compared the perception and actualization of intrapersonal, interper-
sonal, and tool-based affordances. In one series of experiments, subjects were asked
to judge whether they would grasp wooden planks using one hand, two hands, with a
special tool that extended their reach, or with the help of another person. In another
series of experiments, they were asked to actually grasp the planks using one of these
methods. The authors found that the participants either judged that they would
switch, or actually switched, between the different modes of grasping, at transition
points occurring at similar “action-scaled ratios,” conceived as complex relations
between the subjects and their environment:

Cooperating individuals come together to actualize interpersonal affordances in
much the same way as two limbs come together to actualize intrapersonal affor-
dances. The similitude between affordances at multiple levels of the animal–environ-
ment system–the body, the body-tool, and the body-body–is being suggested here,
where the emergence of cooperation and coordination at each level (both intraper-
sonal and interpersonal) is a result of the same intrinsic informational constraints.
That is, despite the intuition that cooperative action is substantially different from
solo action, an understanding of cooperative activity in terms of affordances sug-
gests that there is a similarity in how joint and solo activity is constrained and organ-
ized. ([37], p. 847)

When an agent uses a familiar tool in order to realize an affordance, the tool
becomes a functional part of the agent’s action system, just as biological bodily parts.
The agent’s action system has been extended with the use of the tool. In a similar
fashion, the agent can use another’s action capabilities to extend her action system.
As Richardson et al. ([37] p. 856) put it, “body-tool and social action systems can be
understood and studied as a single synergy or effectivity” (see also [38]).

These findings are relevant to the issue of whether mind-reading is involved in
joint cooperative action, and, if so, to what extent. One can argue that just as mind-
reading is not essentially involved in tool-based activity, it need not be involved in
joint cooperative action either. It certainly does not follow that when I engage in a
joint action, I perceive the other as a mere tool (violating Kant’s maxim that the other
should not be treated as a means to another end). On the contrary, I directly perceive
the other as a person, or at least as an autonomous biological agent. But, as we have
seen above, this perception is independent of mind-reading, conceived as the sophis-
ticated ability to ascribe propositional mental states like beliefs, desires, and inten-
tions.

In the simple case involving two agents, an interpersonal affordance has the form
[(M1 + M2) � G], which means that the conjunction of a bodily movement of type
M1 and a bodily movement of type M2 would lead to goal G. When I perceive such
an affordance, I have a reason to believe that we can do G, provided that I actualize
a bodily movement of type M1 and you actualize a bodily movement of type M2.
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These bodily movements are sometimes reversible, but need not be. Perhaps only you
can make a bodily movement of type M2. Analogously, when you perceive this affor-
dance, you have a reason to believe that we can do G, provided that you actualize a
bodily movement of type M2 and I actualize a bodily movement of type M1. For
instance, we both perceive that we can lift this (visually presented) wooden plank if
one of us grasps the plank by one end while the other grasps it by the other end.

Now if I perceive that you are about to actualize a bodily movement of type M2,
for instance, that you are ready to grasp the wooden plank by one of its ends, I can
perceive a new personal affordance, that a bodily movement of type M1 would be
enough to lead to our joint goal G. Analogously, if you perceive that I am about to
actualize a bodily movement of type M1, you perceive a new affordance of the form
[M2 � G]. Of course, in many cases, my bodily movement actually depends on the
development of yours and vice versa (think of a complex dancing situation), which
means that our perceptions of the relevant personal affordances have to occur at
about the same time.

2.9
Two Models of Joint Action

Some philosophers, among them Michael Bratman [39] figures prominently, have
claimed that joint action depends on the participants having second-order inten-
tions, i.e., intentions about the other participants’ intentions. In this view, the abil-
ity to engage in joint action requires a quite sophisticated mind-reading system. In
a similar vein, Michael Tomasello and his collaborators wrote about joint coopera-
tive activities that “the goals and intentions of each interactant must include as
content something of the goals and intentions of the other” ([40], p. 680). In this
paragraph, I explore further the alternative view that the ability to engage in joint
action can be explained, at least to some extent, without reference to the mind-
reading system, in terms of the perception of personal and interpersonal affor-
dances. More precisely, if joint action involves the manipulation of perceptual and
non-perceptual representations of various kinds of affordances, these representa-
tions remain f irst-order, i.e., they do not explicitly represent mental representations
(like intentions) as such.

According to Bratman’s influential model [39], joint action involves a collective
intention or “we-intention,” which can be analyzed as follows (once again sticking to
the case of two agents):

Bratman’s Model
We intend to make it the case that G if and only if:
B1. I intend to make it the case that G.
B2. You intend to make it the case that G.
B3. Each participant intends to make it the case that G in accordance with and

because of B1 and B2, and meshing sub-plans of B1 and B2.
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Clauses B1 and B2 ensure that both participants have the same goal (for instance,
moving a wooden plank from one place to another). B3 attributes to each participant
a reflexive intention, which is explicitly about or represents the other participant’s
intention. Bratman postulated reflexive, interlocking intentions, which require mind-
reading abilities, mainly in order to rule out what he calls the “Mafia sense” of
“we’re doing G together”:

You and I intend that we go to New York together; and this is common knowledge.
However, I intend that we go together as a result of my kidnapping you, throwing you
in my car, and thereby forcing you to join me. The expression of my intention, as we
might say, is the Mafia sense of “we’re going to New York together.” ([39], p. 118)

Clause B3 is supposed to guarantee that we are going to New York together in a
way in which your intention plays a causally efficacious role in our joint action, i.e.,
to ensure that we have “mutually noncoerced intentions in favor of the joint activity”
([39], p. 108).

That the participants’ intentions should be noncoerced in this sense is of course
a central requirement for there being a genuine joint action. The question is whether
the attribution of reflexive intentions is the only way to meet this requirement. Here
I would like to suggest that we can rule out the Mafia sense of “We’re doing G
together” without ascending to a higher-order level of intentions, by bringing into the
picture the participants’ perceptions of personal and interpersonal affordances. A ten-
tative model of joint action that parallels Bratman’s main clauses without postulating
interlocking reflexive intentions can be formulated:

The Affordance Model
We intend to make it the case that G if and only if:
A1. I intend to make it the case that G.
A2. You intend to make it the case that G.
A3. Each participant perceives an interpersonal affordance of the form [(M1 + M2) �G].
A4. I perceive that you are about to make bodily movement M2, and you perceive

that I am about to make bodily movement M1.
A5. On the basis of A4, I perceive the personal affordance [M1 � G] and you per-

ceive the personal affordance [M2 � G].
A6. On the basis of A1 and A5, I intend to make it the case that G via M1 and you

intend to make it the case that G via M2.
The affordance model of joint action has two main advantages over Bratman’s

model. First, it does not ascribe any reflexive intentions to the participants of the
joint action. The causal efficacy of our respective intentions is already taken care of
at the level of perception. In particular, my egocentric perception of the personal
affordance [M1 � G] depends on my allocentric representation of you being about to
realize the personal affordance [M2 � G], and vice versa. Our manifest inclinations
to actualize bodily movement of relevant types reveal new personal affordances to
each of us. For simplicity’s sake, I have ignored the fact that the action might
involve sub-plans, but these can be accounted for in the spirit of the affordance

2 Affordances and the Sense of Joint Agency 39



model, namely, by introducing intermediary interpersonal and personal affordances,
about sub-goals.

Second, several critics of Bratman’s model [41-43] have independently objected
to the intelligibility of ascribing to a person an intention whose content refers to
another person’s intention, arguing that such a content cannot be under one’s control.
In general, I cannot directly control the other’s intention; otherwise it would not be
her intention. The only intentions ascribed to the participants of the joint action
according to the affordance model are, initially, general intentions to reach a certain
goal (clauses A1 and A2) and, eventually, more specific intentions to reach that goal
in a certain way (clause A6). In fact, the affordance model need not even ascribe to
the participants of the joint action final intentions with a shared content, since M1
and M2 might be different types of bodily movements.

If the affordance model is on the right track, basic forms of joint action can
bypass the mind-reading system, and thus are potentially available to “mind-blind”
creatures. Indeed, this model might yield a good enough description of joint activity
to be found in creatures lacking a theory of mind, such as young children and non-
human animals (consider, for instance, group hunting in lions).

Of course, there is no question that mind-reading greatly enhances the ability to
engage in joint action, by enabling more complex and controlled forms of coopera-
tion. Bratman himself added to his analysis of joint action a “common knowledge”
clause ensuring that the participants know that clauses B1–B3 are satisfied. Although
this is controversial, it is quite possible that this additional clause, or the analogue
clause that A1–A6 are satisfied in the case of the affordance model, corresponds to
a level of self-awareness that requires mind-reading abilities. Indeed, human joint
action often involves levels of mutual support, error correction, and role reversal
that are not observed in non-human animals [44], although some of these features
might just require more perceptual flexibility.

Two important conclusions are still in order. First, basic forms of joint action,
even in humans, do not require the mind-reading system. Second, more sophisticat-
ed forms of joint action, which clearly do require the mind-reading system, might
still have a perceptual basis as described by clauses A1–A6 of the affordance model.
Our sense of acting together has a strong perceptual component.

2.10
Conclusions

This chapter investigated our sense of joint agency, conceived as the perceptual sense
that we are acting together. I have argued that a central component of our awareness
that we are cooperating in order to achieve a shared goal is our egocentric and allo-
centric perceptions of various kinds of personal and interpersonal affordances.

I have discussed several ways in which the mere perception of another person
modifies our perception of what can be done, either individually or jointly (see also
[45]). First, in Stoffregen’s experiments [25], the perception of a standing actor is
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enough to make us perceive what can be done by him, for instance sitting comfort-
ably on a given seat. Second, in Richardson’s experiments [37], the perception of
another agent makes available new affordances, concerning what can be done by us
and, if the other is actually cooperating, what I can do given my now suitably extend-
ed action system. In general, the perception of another agent’s action reveals new
personal affordances, either relative to the other or to myself.

I have also tried to show how these various kinds of affordances can be exploit-
ed in joint action, and more generally how their perception can have a sophisticated
impact on behavior, via situation- and body-reading rather than mentalizing. Thus, a
generalized theory of affordances can contribute to explain the intelligibility and
rationality of at least some of our social behavior without relying too much on mind-
reading conceptual resources.
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Section II

Brain, Agency and Self-agency:
Neuropsychological Contributions to the

Development of the Sense of Agency





3.1
Different Types of the Sense of Agency

This chapter considers the two different levels of agency: one comprising lower-
level, pre-reflective, and sensorimotor processes (feelings) and the other higher-
order, reflective, or belief-like processes (judgments). Here, different theoretical and
methodological perspectives are adopted in order to represent a compound view of
the sense of agency. In addition, the concepts of “minimal” and “narrative” self are
analyzed, both of which contribute to the individual’s identity. As suggested by recent
models, short-term and long-term representations of agency are needed to explain the
contribution of experiences and actions to the construction of the subjective sense of
continuity along one’s personal story. In this perspective, agency is represented as the
present sense of self in action, as well as the continuous sense of self in existence.

The sense of self can be specified as not merely an awareness of the self with
respect to actions but also an awareness of these actions as being one’s own.
Proprioception is an example of the first usage whereas in the second one we mean
the sensations, thoughts, intentions, and phenomenal experience recognized from
within and known only to me. This knowledge is neither inferential nor observation-
al. In a third usage, the self can be seen as a channel of information that informs us
about ourselves but not about the world or about others, i.e., it is a kind of knowing
that is privileged (self knowledge), transparent, necessarily veridical, and not vulner-
able to error [1]. 

Recent conceptual developments have distinguished between an implicit level of
“the feeling of agency” from an explicit level of ‘‘the judgment of agency” [2]. As
noted above, the first is characterized by lower-level, pre-reflective, sensorimotor
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processes, and the second by higher-order, reflective, or belief-like processes.
Sensorimotor processes that characterize the feeling level may run outside of con-
sciousness (but may be available to awareness). This is supported by empirical evi-
dence in which, for example, minor violations of intended actions or action conse-
quences (i.e., brief temporal delays in sensory feedback) do not necessarily enter
awareness, while neural signatures of such violations can be observed.

Experimental operationalization of the sense of agency must consider the distinc-
tion between these different levels of agency and thus engage in systematic explo-
rations of the multiple indicators of agency and their possible interplay. Nevertheless,
empirical investigations often focus on judgments or attributions of agency involving
subjective reports and thus, potentially, of errors through misidentification. By con-
trast, multivariate approaches that include implicit measures (kinematics, eye move-
ments, motor potentials, brain activity, etc.) may also tap into the feeling level of
agency, which allows for an integrated view on the sense of agency.

Besides the two above-mentioned levels of agency, a third level can be proposed.
It is related to an attributive process, which can be considered as a higher conceptu-
al level of representing the self-in-action and which also includes the individual rep-
resentation of agency in a social context. The sense of a moral responsibility is
directly related to this high-level sense of agency. In ascribing moral responsibility
to the sense of agency, we must include specific criteria, such as the presence of an
internal plan of action, including a representation of a specific behavior and suffi-
cient insight into the normally possible consequences of that behavior. The agency
system, carrying out the behavior is embedded in a normative system that evaluates
behaviors according to a normative rule as acceptable or not acceptable. Normative
expectations are internalized and individually adopted normative rules that offer a
standard of evaluation of a person’s actions. Since a normative rule is determined by
culturally mediated social interactions, responsibility is an essential culture-depend-
ent phenomenon [3]. The competence to decode another’s action intentions is not the
only necessary element for ascribing responsibility; rather, the socio-normative
dimension demands an additional component: the understanding of norms and expec-
tations and the capacity to act accordingly. Thus, several additional capacities are
required, such as the representation of shared norms about what is expected, the abil-
ity to detect deviations from those norms, and to do this not only from a first-person
perspective but also from a third-person perspective [3].

The applicability of this threefold categorization of the sense of agency has been
explored in the clinical setting, more recently with particular focus on the moral
level. Socio-normative behavior may break-down in different ways in patients with
psychopathological deficits or neurological lesions. For example, whereas a patient
with a specific lesion in the prefrontal cortex may be able to represent a shared norm
and to detect deviations but fails to correct his behavior accordingly, another patient,
with a lesion located in an another prefrontal site, may not even be able to represent
the shared norm.

The meta-representational dimension of social interaction based on social stan-
dards and normative judgments has to be distinguished from the subjective cognitive
dimension of feeling and judgment, in that the latter are ontogenetically and phylo-
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genetically more basic components. From an ontogenetic point of view, feeling and
judgment do not require meta-representations, which therefore obviates the need for
a model. Phylogenetically, they do not require the construction of socio-cultural nor-
mative rules. Nevertheless, the individual cognitive dimension and the socio-norma-
tive dimension constantly interact and re-model each other by bottom-up and top-
down processes. For example, based on our meta-representational normative judg-
ments and the standards of our society, we may alter our judgments about our actions:
if a certain action is socially highly accepted, we are more inclined to attribute
agency to ourselves.

3.2
Feeling and Judgment in the Sense of Agency

The feeling of agency has been described as implicit, running outside awareness but
available to our conscious awareness. In this first level of agency, visual-motor
incongruence is sometimes registered at the neural level (extrastriate and posterior
parietal cortices) but does not necessarily enter awareness, leading to a correct judg-
ment of the feedback as incongruent. A neural response towards sensorimotor incon-
gruities of which subjects are not explicitly aware has been reported [4]. By contrast,
in the second-level of agency, judgment has been described as being of a reflective
and attributive nature, informed by conceptual thoughts. There is evidence that the
prefrontal cortex is required at the level of conscious monitoring but not at the level
of sensorimotor integration [5] (Fig. 3.1).
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Fig. 3.1 The two-step
account of agency



Another interesting bipartition with respect to agency is between detached and
immersed awareness, a distinction that may be understood as being between “me”
and “I.” Immersed awareness is the kind of non-reflective experience one has when
fully engaged in an activity, while detached awareness requires a form of reflective
consciousness, in which the agent mentally observes himself acting. Generally,
detached experience includes an observation of something that is phenomenological-
ly separate from the observer and is a perceptually distinct object. By contrast,
immersed experience is the kind of self-awareness one has when deeply involved in
an activity that is not self-focused, such that the self is implicit and perceptually
recessive. Thus, detached awareness can take a third-person form, in which case the
agent adopts the third-person stance of an external observer toward his or her own
activity.

Considering these two planes of analysis in greater detail, we can define the main
features of the different senses of agency. In the first plane, the mental action of try-
ing may constitute the inner, introspectively accessible aspect of feeling of agency
with respect to an action. Where there is a physical action, there is a mental event of
trying or willing that is commensurate with the action [6]. Events of the willing type
are conscious experiences, part of the content of the stream of consciousness. In this
view, we have immediate experiential knowledge only of “trying,” in other words, we
are introspectively aware of our actions only under descriptions of the form “I am
trying to…” Thus, knowledge of displayed action is always based on inference. Even
if the action fails (such as, in the extreme case, due to sudden paralysis), we are still
aware of trying to act, as the mental event of trying also occurs in case of failed
attempts. 

In the second plane, a recent model hypothesized that judgment of agency, i.e.,
evaluation of the agency, is a second step in a continuous process, with the first
being the non-conceptual step of feeling the agency [7]. Thus, if the non-conceptual
feeling of agency is further processed by the cognitive system, by additionally
involving conceptual capacities and belief stances, then a conceptual, interpretative
judgment of being the agent is produced. What is learned on this level is to concep-
tually represent the effect of one’s own action as exactly that. The judgment of action
therefore differs from the feeling of action in the following three ways. First, judg-
ment has an object-property structure; that is, some parts of the conceptual self-rep-
resentation represent the system itself while others represent certain properties.
Propositional I-thoughts and an explicit self-representation are included on this level.
Second, conceptual agency representations are formed by inferential processes and
they are influenced by other conceptual representations such as background beliefs.
How belief formation is performed depends on how we rationalize or give plausible
explanations for our experiences. Third, judgment demands the capacity to conceptu-
ally categorize causal forces in the interaction with the world.

But how can we compare judgment of agency with feeling of agency? A similar
experimental paradigm can be used to verify both the sense of agency as a feeling
subjectively experienced and the judgment of agency of the executed motor task and
therefore does not discriminate between the two. The difference is instead revealed
by the type of response expressed by the subject; that is, his sense of being an actor,
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and is thus based on immediate experience (feeling) versus the process of judging the
degree of coherence between a subjective behavior and the observed action (judg-
ment). 

To explain in greater detail how the two levels of agency operate and how they
communicate with each other, a synthetic review of the main research paradigms
applied to the study of agency is presented in the remainder of this chapter.
Specifically, we address the following points: (1) empirical research on the aware-
ness of action, as suggested by Libet’s model of action representation and action
awareness; (2) the intrinsic relationship between time representation and the sense of
agency; and (3) the effect of visual and auditory feedback under matching/mismatch-
ing conditions, as well as the contributions of somatosensory and body feedback to
agency. It should also be noted that a second and more specific body of research has
focused on the effect of feeling in agency, with reference to the illusion of subjective
intentions for the agency and ownership representation, the distortion effect in the
feeling of agency, i.e., when the subject is confronted with mismatching feedback,
and the extended contribution of body ownership to the feeling of agency.

3.3
Empirical Paradigms of the Judgment of Agency 

3.3.1

The Awareness of Action: The Contribution of Event-related Potentials

Recent research has investigated conscious awareness of the generation of movement
and the relation between those conscious states and the neural processes generating
movement. Specifically, Haggard and Eimer [8] evaluated the relation between neu-
ral events and the perceived time of voluntary actions or of initiating those actions. 

Electrophysiological studies have examined the changes in cortical activity that
precede voluntary movement and which are thought to reflect processes associated
with the preparation for movement. Specifically, the relationship between intention
and awareness of intentions was explored by repeating Libet’s experiments (see
Chapter 1). In a first series of experiments, awareness of intention was related to the
readiness potential (RP), a brain potential associated with the specification of
which of two movements to make. Generally, RP is significantly greater preceding
self-paced movement than externally triggered movement, particularly when the lat-
ter is cued at unpredictable times [9]. In a second series of experiments, behavioral
evidence showed an association between awareness of movement and preparation of
the “motor program.” In a third series, intervention in motor processing using tran-
scranial magnetic stimulation (TMS) produced converging psychophysiological evi-
dence that the awareness of movement was associated with brain processes con-
cerned with the assembly and preparation of movement, rather than those concerned
with execution.

However, several critical points were raised regarding Libet’s experimental pro-
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cedure: among others, many authors questioned whether the RP reflects specific or
non-specific premotor processes. Thus, an alternative index of event-related poten-
tials (ERPs) was proposed, the lateralized readiness potential (LRP), as it is a more
specific index of motor preparation. Based on the data from those experiments, we
can conclude the following: Firstly, both awareness of intention and awareness of
action appear to occur within a narrow window of premotor processing, between the
abstract prior intention to do something, and the completion of a specific program of
how to do it. Awareness of intention and awareness of movement are conceptually
distinct; nevertheless, they probably derive from a single processing stage in the
motor pathway. Secondly, it was consistently shown that the perceived time of actions
is more closely tied to movement preparation than to movement execution. Thirdly,
conscious access to motor processing was restricted to the narrow window of premo-
tor activity measured by the ERP effect (i.e., LRP). The coexistence of awareness of
intention and awareness of action within a single narrow window of motor process-
ing suggests that the binding of these two conscious representations is important. We
have access to awareness of both intention and action, and the two appear to be gen-
erated by similar processing stages at comparable times in the development of action.
In addition, the efferent process binding intention and awareness of action may have
the dual function of bringing to consciousness the mismatch between the two, and of
thus making possible a second, derived type of consciousness of the relation between
my intentions and my actions. This could be a part of the sense of self.

From a neuropsychological point of view, the preparatory activity reflected in the
RP is thought to arise predominantly from the supplementary motor area (SMA),
lending support to evidence that this area plays a particular role in self-paced move-
ment. The cortical source of this ERP, however, is difficult to accurately localize and
the extent to which the SMA contributes to the RP has been questioned [10]. In addi-
tion, many studies have focused only on self-initiated voluntary movements and did
not examine differences in the localization or timing of cortical activity generated by
externally triggered movements. Studies using positron emission tomography (PET)
or functional magnetic resonance imaging (fMRI) have generally found greater acti-
vation of the SMA for self-initiated movement than for externally triggered move-
ment [11].

3.3.2

Time Perception and the Sense of Agency

Castiello and colleagues [12] designed a series of experiments to measure the tempo-
ral dissociation between the occurrence of an event and the subjective perception of
the event itself. Interesting phenomena were revealed when the visual target to which
a subject was responding was rapidly displaced.

Moreover, many studies have examined blindsight, adding important informa-
tion on the relation between conscious/unconscious visual perception and action.
Patients with lesions of the primary visual cortex appear to reach consciously for
non-conscious goals. For example, patient PJG, described by Perenin and Rossetti
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[13], correctly adjusted his hand movements in response to objects of varying size
or orientation that were presented to his blind hemifield without being able to con-
sciously report the presence of these objects within his visual f ield. More recently,
Johnson et al. [14] investigated the relation between the ability to make visuomotor
adjustments and the conscious experience of the adjusted movement itself. In their
experiment, participants made rapid pointing movements with blocked instructions
to follow the target or to move in the opposite direction. After each movement, par-
ticipants were asked to reproduce the spatial path of the movement made, in this
case without any time constraint. The gap between the spatial path of the original
pointing movement and the spatial path of the reproduced movement was used as a
measure of motor awareness. In the pointing condition, participants showed reduced
and delayed motor awareness whereas in the anti-pointing condition, their correc-
tions lacked this dissociation between performance and motor awareness. Instead,
the reproduced movements indicated that participants overestimated the speed and
strength of the anti-point response in the original pointing movements. Tasks such
as these provide evidence that action awareness depends on what we expect to occur
rather than on the physical movement of our body, supporting arguments formulat-
ed in studies of the dissociation between conscious expectancy and conditioning
[15, 16]. More generally, the paradigm of Johnson et al. [14] showed that when two
events appear repeatedly in succession the presentation of the first tends to modify
the response to the second.

3.3.3

Visual Feedback and Awareness of Action

As previously underlined, motor performance can be distinguished from visual
awareness. Indeed, visual feedback has often been experimentally manipulated in
order to analyze the mismatch effect on the representation of the sense of agency. For
example, in a series of experiments, Jeannerod [17] investigated movement aware-
ness by instructing subjects to draw lines in the sagittal direction to a visual target
using a stylus on a digital tablet. The subjects could not see their hand; only the tra-
jectory of the stylus was visible, as a line on a computer screen, superimposed on the
hand movement. A directional bias was introduced electronically, so that, in order to
reach the target, the hand-held stylus had to be moved in a direction opposite to the
bias. At the end of each trial, each subject was asked in which direction he thought
his hand had moved by indicating the line corresponding to the estimated direction
on a chart showing lines in different directions. Several important observations were
made in these experiments: the subjects corrected for the bias in tracing a line that
appeared visually to be directed to the target; they tended to ignore the veridical tra-
jectory of their hand in making a conscious judgment about its direction; and they
adhered to the direction seen on the screen, basing their report on visual cues and
ignoring non-visual (motor or proprioceptive) signals. Thus, we can state that when
biases remain small enough the visual-motor system is able to appropriately use
information for producing accurate corrections, but this information is not accessed
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consciously. When the biases exceed a certain value, there is a strategy shift and con-
scious monitoring, in this case of hand movement, is used to correct for the bias.
Even though the subjects in Jeannerod’s experiment consciously noticed the discrep-
ancy between what they were doing and what they saw on the screen, they experi-
enced their movements as underestimates of their actual deviation or as being in the
opposite direction to their actual movements. 

The transition from automatic to conscious control can be considered firstly as a
conscious compensation strategy [18]; secondly it may be interpreted not as the con-
scious detection of a discrepancy between visual and proprioceptive information but
as the conscious detection of a discrepancy between the predicted and the actual
visual state. In the latter case, our awareness becomes more vivid and more detailed
when we are confronted with action errors too large to be automatically corrected.

A large number of our movements are prepared and executed automatically, and
once started they are performed accurately and rapidly, leaving little time for top-
down control. A kind of “optimization principle” is thought to intervene in ordinary
movements and to operate during their execution. Optimization of execution consists
of organizing and representing certain features of object-oriented movements prior to
execution. This anticipatory organization can encode not only the properties of the
central and peripheral motor system that optimize movement execution, but also
those features of the object that are relevant to potential interactions with the agent,
according to his or her intentions. In addition, processing of the object’s properties
must take into account the location and orientation of the object with respect to the
body. Jeannerod [19] introduced the concept of pragmatic representation to define
this mode of representing objects as goals for action. Pragmatic representations are
classified as implicit functioning and are of an unconscious nature. Thus, the prag-
matic level is distinct from the semantic level, which is a kind of representation for-
mulated for identification, naming, etc., more than for action. 

Indeed, an important question is whether dissociated neural pathways are associ-
ated with pragmatic and semantic representation. The classical distinction between a
dorsal visual pathway (occipito-parietal regions) and a ventral pathway (occipito-
temporal regions) may allow for the existence of different correlates to
pragmatic/semantic representations. Clinical experience has shown that patients with
lesions located in specific areas of the parietal lobe have a typical deficit in object-
oriented behavior with their contralesional arm but their ability to semantically iden-
tify the object is preserved. These results support the possibility that pragmatic rep-
resentation takes place in the parietal lobe, and semantic processing within the ven-
tral stream. Another question, regarding the unconsciousness features of
pragmatic/semantic representations, can be answered by considering the fact that
object-oriented movements are unconscious because this is a prerequisite for accura-
cy. In other words, if we accept that access to conscious processing is a time-consum-
ing affair, the necessity of accuracy does not leave enough time for the appearance
of consciousness. 
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3.3.4

Somatosensory Information for Agency

Another study in which the correspondence between self-generated movements and
their sensory effects was manipulated showed an effect of the attenuation of sensa-
tions due to the accuracy of sensory predictions whereas attenuation is not observed
for externally generated actions [20]. For example, predictive mechanisms explain
why the same tactile stimulus, such as a tickle, is felt less intensely when self-
applied. This conclusion is also supported by studies in which a time delay was intro-
duced between the motor command and the resulting tickle: the greater the time
delay, the more ticklish the perception of it, probably due to a reduction in the abili-
ty to cancel the sensory feedback based on the motor command. Similarly, sensory
predictions provide a mechanism to determine whether the motion of our body has
been generated by us or by an external agent. When I move my arm, my predicted
sensory feedback and the actual feedback match, and I therefore attribute the motion
as being generated by me. However, if someone else moves my arm, my sensory pre-
dictions are discordant with the actual feedback and I attribute the movement as not
being generated by me. 

In a series of experiments, the authors examined whether increasing delay and
trajectory perturbations increase the intensity of a tickle sensation because the stim-
ulus no longer corresponds exactly to the efference copy produced in parallel with
the motor command [20]. In that experiment, subjects held an object attached to a
robot. Movements of the subject’s left hand caused movement of the object by the
robot, as by remote control. A robotic interface was used to introduce time delays of
100, 200, and 300 ms and trajectory rotations of 30, 60, and 90° between the move-
ment of the participant’s left hand and a tactile stimulus (tickle) on the right palm
applied by the robot-held object. The subjects were then asked to rate the intensity of
the tickle. As delay and rotation increased, the tickle rating increased. In other words,
manipulating the correspondence between the causes and the effects of our actions
deludes the motor system into treating the self as another. Thus, the attenuation of
sensations, as judged by subjects’ experiential accounts, is correlated with the accu-
racy of sensory prediction. In addition, subjects reported that they were not aware of
perturbations between the movement and its consequences, which suggests that sig-
nals for sensory discrepancies are not available to our conscious awareness.

Attenuation of the perception of self-reproduced stimuli is well-documented in
humans [21]. The physiological mechanisms by which this attenuation of self-produced
tactile stimuli is mediated have been postulated on the basis of research on animals.
Neuropsychological data demonstrated that neural responses in the somatosensory cor-
tex are attenuated by self-generated movement. The results of fMRI demonstrate an
increased activity of the primary and secondary somatosensory cortex when individu-
als experience an externally produced tactile stimulus on their palm relative to a self-
produced tactile stimulus. What is the reason for this attenuation effect from a func-
tional perspective? Externally produced stimuli normally carry greater biological sig-
nificance than self-produced stimuli, and the actions of others are more relevant than
ours. This allows, for example, unexpected stimulation to be selectively detected. 
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The ability to anticipate the sensory consequences of our own actions can be
described using a forward model of the motor system. The forward model captures
the forward or causal relationship between actions and outcomes based on an effer-
ence copy of the motor command. A computational mechanism by which the attenu-
ation of self-produced tactile sensations might be achieved is in terms of the senso-
ry prediction errors made by this model (see Chapter 1).

A similar paradigm was used by Wolpert and Flanagan [22] in order to explore
the effect of compensation for delays in the sensorimotor system and to reduce the
uncertainty in the state estimate that arises through noise inherent in both sensory
and motor signals. Together with state estimation, prediction allows us to filter sen-
sory information, attenuating unwanted information or highlighting information crit-
ical for control. Sensory prediction can be derived from the state prediction and used
to delete the sensory effects of movement (re-afference) such that it is possible to
cancel out the effects of sensory changes induced by self-motion, thereby enhancing
more relevant sensory information (Fig. 3.2). 

Recent data implicate the cerebellum and parietal cortex in sensorimotor predic-
tion. Specifically, the cerebellum may be involved in reaching and grasping move-
ments and it is activated before onset of the action. The cerebellum is involved in the
rapid detection of errors during motor preparation and in producing error signals at
an unconscious level. Differential activation of the inferior parietal cortex for tasks
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Fig. 3.2 An example of the
comparator model in the
presence or absence of ti-
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involving action of the self vs action of another has been shown in neuroimaging
studies. For example, greater activation of the inferior parietal cortex occurs when an
external agent controls a movement than when the subject him/herself controls a
movement [23]. Thus, it may be that the cerebellum participates in the rapid detec-
tion of discrepancies between actual and predicted sensory effects of movements,
signaling errors below the level of awareness, while the parietal cortex is concerned
with higher-level prediction, such as the maintenance of goals, the monitoring of
intentions, and the distinction between self and others. This information may be
available to conscious awareness [24].

3.3.5

Sense Integration

Multisensory integration appears to be intimately related to the sense of ownership of
body representation [25], and intermodal matching a sufficient condition for the sense
of ownership of action [26]. The relationship between current intention, sensory feed-
back, and sensorimotor integration was explored by Fink and colleagues [27], who
experimentally created a conflicting and mismatch condition between vision (mislead-
ing visual feedback) and both intention and other forms of sensory feedback. Specific
neural correlates were found for the mismatch condition, as the activities of the pos-
terior parietal cortex and dorsolateral prefrontal cortex increased in response to an
incongruous condition. Moreover, differential aspects of monitoring lead to differen-
tial activation within the right prefrontal cortex for an active task that emphasizes the
conflict between intentions and visual and/or proprioceptive feedback, and ventrolat-
eral prefrontal cortex activity for a comparable passive task in which the conflict is
only sensory, between vision and proprioception, with no role for motor intention. It
is relevant that activation of dorsolateral prefrontal cortex is associated with several
functions, including complex motor selection, effort, and self-generated movement.
By contrast, activation of a more ventral part of the prefrontal cortex was demonstrat-
ed in a spatial working memory task in which subjects were required to maintain but
not to manipulate spatial information for brief periods of time [28].

3.3.6

Experimental Paradigms for the Feeling of Agency

The feeling of agency may be explored taking into account the subjective response to
the features of agency experienced during execution of a task. Specifically, feeling
of agency implies a sense of effectiveness in action execution that is supported by a
non-reflective condition in which the individual unconsciously feels that he or she is
the agent of his own action. From this perspective, the self-relation is represented in
a non-conceptual, implicit manner: the idea of being the agent of an action is a non-
analyzable whole, and the underlying perception of agency is not compositional and
has no object-property structure. Nevertheless, this feeling may be made conscious
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when an individual is required to realize an explicit sense of the intended action and
to report this experience. In the case of incongruity between the indicators of agency,
i.e., a mismatch between proprioception, motor intention, and visual feedback, the
action is experienced as strange and not fully done by me. This may result from a
mismatch between efferent and afferent information.

3.3.6.1
Illusion of Intention 

Wegner [29] uncovered a reconstructive mechanism of experience of intention in a
study demonstrating that subjects can be led to think that they consciously intended
actions or consequences of actions which they did not produce themselves. This phe-
nomenon is said to be based on the mechanism of back referral of an intention. In a
study by Wegner and Wheatley [30], subjects retrospectively attributed conscious
intentions to themselves in order to explain actions that were actually performed by
another person. In most of these studies, the illusion of will was evoked within a con-
text in which externally produced action effects were attributed to the self. A recent
contribution described the existence of differences between the confusion of inten-
tions that may occur between the effects of self-generated and externally generated
actions, and confusion about the voluntariness of our own actions [31]. Specifically,
subjects may ascribe intentions to their actions, although they did not actually intend
them. The subjective inability to tell the difference between a voluntary decision to
resume an ongoing action and an inability to stop an ongoing action can be demon-
strated by using a Go/NoGo paradigm. 

In general, the introspective report of our own intentions is the product of two
factors, the raw data, which is accessed via introspection, and a model, which is used
to interpret the raw data. The crucial difference between introspective and objective
evidence is seen in the fact that objective evidence enables the subject to refer back
to the raw data [32]. According to this model, a specific, “type-C” process is includ-
ed in the introspective experience but not in automatic actions. This process involves
the supervisory attentional system and therefore requires accurate recollection of the
presence of a decision-making process. But, since subjects are always unable to dis-
tinguish between those contexts in which they voluntary decided and those in which
they failed to decide, the decision-making process is not totally intentional. This pro-
duces an important consequence regarding Libet’s assumption that a veto process
(introducing the possibility to control the unconsciously initiated action) can be con-
sciously initiated: since subjects are not very accurate in observing when they have
stopped a particular action, the act of vetoing cannot be consciously initiated. 

An illusion of will in which we experience action outcome as initiated by our-
selves although it was actually produced by another agent and an illusion of will when
no other agent is involved is virtually the same: this effect is referred to as confabu-
lation after the fact. But why does this experience arise? One explanation is that it
might be important for people to feel that they are well-informed about their own
internal processes and to know the reasons behind what they are doing. In other words,
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people are interested in maintaining the fiction that they have conscious will [29]. By
contrast, recognizing that we are not informed about the causes of our responses
makes us feel less in control of our lives, and thus less well. Reconstruction of the
feeling of free choice can occur especially in situations in which we are uncertain
about the degree of deliberateness of an action. 

3.3.6.2
Experiencing the Disruption of Agency: Neuropsychological Evidence

In parallel with previous research on mismatching effects due to the distortion of
visual feedback, a recent study by Farrer and colleagues [33]  explored the feeling of
the sense of agency by asking the subject to monitor the sense of control over action.
That study used a visual paradigm to explore the effect of an anomalous visual feed-
back (angular distortion); specifically, an increased mismatch between executed and
viewed action. The study assumed that the process underlying the sense of agency is
not all or none but, instead, continuous and based on monitoring of the different
action-related signals, which are of sensory (visual or somatosensory) and central
(motor command) origin. The authors devised an experimental situation in which the
visual feedback provided to the subjects about movements displayed on a computer
screen was either veridical or distorted to a variable degree. The varying degree of
distortion included observed movements that were completely unrelated to those
actually executed. Thus, in the veridical condition, subjects were likely to feel in full
control of their own movements, whereas in the maximally distorted condition they
were likely to feel that they were not in control, but rather watching the movement of
another agent. The results supported those of previous research: the level of activity
in the main areas already shown to be activated during attribution judgments (pari-
etal cortex and insula) varied with the amount of discordance between what the sub-
jects did and what they saw. Specifically, a decreasing feeling of control due to larg-
er degrees of distortion was associated with increased activity in the right inferior
parietal lobule and, to a lesser extent, in a symmetrical zone on the left side. The
graded activation of this area might therefore have been related to the increased
degree of discordance between central signals arising from the motor command and
visual and somatosensory signals arising from movement execution. Accordingly, the
activity in the inferior parietal cortex may relate to the feeling of loss of agency asso-
ciated with the discrepancy between intended actions and sensory feedback. Clinical
support for this model comes from patients with lesions in this area, which are asso-
ciated with delusions a patient has about, e.g., a limb, which may be perceived as an
alien object or as belonging to another person. In other cases, abnormal hyperactivi-
ty in the right inferior parietal cortex has been associated with disorders of feelings
of agency in psychiatric and neurological patients [34].

By contrast, in patients with decreased activity of the insula, the discordance they
experience between what they do and what they see correlates with the degree of
match between the different signals related to action. When the two signals are
matched, activity in the insula is maximal. Farrer and Frith [23] proposed that the
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sense of agency is associated with a shift of attention toward representations integrat-
ing the different signals associated with the action and that this integrating process
involves the insula. In their study, an explicit task was designed aimed at distinguish-
ing self-generated from other-generated action. The results differ from those of other
studies with respect to the brain areas implicated in the feeling of agency, as there
was no significant contribution by the prefrontal cortex in response to intention-
action match (or mismatch) [27]. This may have been due to the fact that only in the
Farrer and Frith study was the subject instructed to direct his attention to the origin
of the movement he saw; also, other agents were sometimes involved in the produc-
tion of movement.

3.3.6.3
Embodiment or How to Represent the Self by Body Perception

Introspective experiences may be collected also in response to body perception.
Bodily self-consciousness can be represented as a non-conceptual somatic form of
knowledge, different from any other form of knowledge [35]. A recent contribution
applied psychometric methods to structured introspective reports of a conscious
experience of embodiment. This construct is clearly a kind of experience, but its
nature is difficult to capture using traditional methods. Moreover, generally, the ver-
bal labels that people use when describing the body enumerate the different physical
parts of the body, but not the experience testifying to the fact that those parts jointly
constitute the self [30]. While the objective methods of psychophysics are able to
capture the occurrence of a single experience, they do not easily capture more com-
plex experiences such as the sense of one’s own body.

The heterogeneous research paradigms allow manipulation of the perceived
incorporation of an external object into the representation of the body. For example,
in the rubber hand illusion, a fictitious hand moving synchronously with a partici-
pant’s own hand is perceived as actually being part of the participant’s own body (for
discussion of this concept, see also Chapter 10). This paradigm was used in a num-
ber of recent studies [36-38]; however, they simply reported the occurrence of illu-
sion, i.e., its behavioral or neural correlates, without providing a systematic descrip-
tion or quantitative measurement of the changed sense of embodiment.

Longo et al. [35] investigated the structure of body and embodiment perception
in a psychometric approach to introspective reports of this illusion. Both propriocep-
tive judgment of the location of the participants’ own hand and rating of their agree-
ment on the subjective experience of illusion were considered. Thus, the latent struc-
ture of participants’ experience was explored and the complex experience of embod-
iment was quantified. The main structures underlying the subjective reports includ-
ed four components: (1) embodiment of the rubber hand, involving subjective feel-
ings of control and ownership of the hand; (2) loss of one’s own hand, related to the
disability regarding use of the hand; (3) movement, represented by perceived motion
of both the subject’s own hand and the rubber hand; and (4) affect, comprising
aspects related to the emotional experience.
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3.4
Minimal Self and Narrative Self

We have noted that the term “self-agency” is used to highlight the important distinc-
tion between the detection of agency in general and the detection of agency of one-
self. While the general detection of agency (of animated objects in the environment)
requires only the detection of general intentional contingencies between different
entities, self-agency requires self-action, self-action perception, or at least intention-
al sensorimotor contingencies derived from one’s sensorimotor system [7]. Thus, we
can distinguish two main types of self derived from agency, the minimal self and the
narrative self. The first type involves an awareness that something is occurring and
the location of bodily sensations that respond to it. In this sense, “self ” tends to be
implicit in the particular experience. Within this category we can distinguish a sense
of oneself as an agent apart from any particular action, for example, as causally
effective over time, and a sense of oneself as performing a particular action at the
very moment it is performed. The second type is the sense of oneself as a distinct
entity in either the physical or the social world, and it is the core content of autobio-
graphical memory. Given this distinction, the questions arise to what extent and how
the different selves are linked. Although the same word (self) is used and at least
superficially refers to a single entity, it is not clear whether the two types of self are
mentally linked or how these forms of self consciousness developmentally arise and
are experienced by the same mind.

3.4.1

Minimal Self: Self-agency as “I”

The sense of agency is the sense we experience at the time we prepare or perform a
particular action [7]. Its general features are the immediate experience of the self as
subject and its limits with respect to both time and that which is accessible to imme-
diate self-consciousness. It is non-conceptual, has first person content, and is well
reproduced by the use of the “I” pronoun. Even if all of the unessential features of
self are stripped away, we still have an intuition that there is a basic, immediate, or
primitive “something” that we are willing to call “self.” Although continuity of iden-
tity over time is a major issue in the definition of personal identity, the concept of
minimal self is limited to that which is accessible to immediate self-consciousness. 

This type of knowledge is privileged in that it is transparent, necessarily veridical,
and cannot be mistaken for something else. Moreover, it is characterized by an immuni-
ty principle, since when a person uses the first-person pronoun “I” he or she cannot make
a mistake about the person being referred to [39]. In other words, access to the minimal
self is immediate and non-observational. When I self-refer in this way, I do not go
through a cognitive process in which I try to match up first-person experience with some
known criterion in order to judge the experience to be my own. My access to myself in
first-person experience is immediate and non-observational: it does not involve a percep-

3 The Neuropsychology of Senses of Agency:Theoretical and Empirical Contributions 61



tual or reflective act of consciousness. In this sense, the immediate self that is referred to
here is the pre-reflective point of origin for action, experience, and thoughts. 

Disruption of the immunity principle occurs in the pathological setting, in certain
forms of schizophrenia. A schizophrenic patient who suffers thought insertion, for
example, might claim that he is not the one who is thinking a particular thought,
when in fact he is indeed the one who is thinking the thought. In general, phenome-
na such as delusions of control, auditory hallucinations, and thought insertion appear
to involve problems with the sense of agency rather than with the sense of ownership
(see also Chapter 9). In fact, there is good evidence to suggest that the sense of own-
ership for motor action can be explained in terms of the ecological self-awareness
built into movement and perception. By contrast, experimental research on normal
individuals suggests that the sense of agency for action is based on that which pre-
cedes action and translates intention into action (see also Chapter 2). 

Frith’s neurocognitive model [40] of the disruption of self-monitoring in schizo-
phrenia is also a candidate for explaining immunity to error through misidentifica-
tion. For example, there could be a break-down of the comparator mechanism’s nor-
mal functioning. In fact, if the forward model fails or an efference copy is not prop-
erly generated, sensory feedback may still produce a sense of ownership (“I am mov-
ing”) but the sense of agency will be compromised (“I am not causing the move-
ment”), even if the actual movement matches the intended movement. Schizophrenic
patients who suffer from thought insertion and delusions control could have prob-
lems with this forward, pre-action monitoring of movement, but not with motor con-
trol based on a comparison of intended movement and sensory feedback [41]. 

A similar model may apply to cognition and thoughts. Phenomena such as
thought insertion, i.e., hearing voices, suggest that something is wrong with the self-
monitoring mechanism. In this perspective, it is assumed not only that thinking, inso-
far as it is intended and self-generated, is a kind of action, but also that thinking has
to match the subject’s intention for it to feel self-generated, analogous to a motor
action. Although such intentions are not always consciously accessible, comparator
processes that match intentions to the generation of thought and to the stream of
thoughts may bestow, respectively, a sense of agency and a sense of ownership for
thought, as in motor action. If the mechanism that constitutes the forward aspect of
this monitoring process fails, a thought occurs in the subject’s own stream of con-
sciousness but to the subject it does not seem to be self-generated or to be under his
or her control. Rather, it appears to be an alien or inserted thought.

But, are there other aspects of the minimal self that are more primitive than those
identified in the immunity principle? We have considered a self that is capable of lin-
guistic communication, who is capable of using the first-person pronoun. If we con-
sider that language and conceptual capacity develop in parallel, it may be that a per-
son’s immediate and pre-reflective access to self inherently involves the mediation of
a conceptual framework. Is it possible to speak of non-conceptual access to the self,
i.e., a more primitive self-consciousness that does not depend on the use of a first-
person pronoun? This non-conceptual first-person content may consist of the self-
specifying information obtained in perceptual experience. When I perceive objects or
movements, I also gain information about myself that is pre-linguistic [42].
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3.4.2

Self Ascription

I’m running, I’m young, I feel happy. What is in common to all these propositions is
the subject of these sentences, the “I” reference. The presence of the first-person
concept is not sufficient to make this category of I-thoughts homogeneous. How do
I know I’m the person who sees the sky? I do not need to know who I am to recog-
nize this visual experience as mine. Self-attributions of occurring mental states do
not use criteria of personal identity: even if I am an amnesic I know that I see the sky.
Thus, this kind of I-thoughts does not depend on any perceptual or semantic identi-
fication of the subject whereas other I-thoughts require identifying myself as the per-
son who is described. Similarly, in order to recognize myself in the mirror, I need to
identify the person that I am looking at as myself. The distinction between these two
types of I-thoughts does not arise from the kind of property ascribed, but rather from
the way of gaining self-knowledge. As a consequence, the same property can be self-
attributed following different ways of knowing: some depend on the identification of
the subject whereas others are identification-free [43]. For instance, as soon as I
know the bodily property on the basis of internal information such as proprioception,
I would be assured that the body that I feel is mine. 

Nevertheless, we have to make a distinction between the fact that I own a certain
state, mentally or bodily, and the fact that I recognize this state as mine. For instance,
patients suffering from asomatognosia following a right parietal lesion deny the own-
ership of the limb contralateral to the brain lesion and attribute the “alien limb” to
someone else or personify it. This deficit is independent from sensory deficits. Thus,
we have to wonder about the nature of the cognitive conditions of the sense of own-
ership of one’s own body.

3.4.3

Narrative Self: The Sense of Continuity

The long-term sense of agency includes a sense of oneself as an agent apart from any
particular action and the sense of one’s capacity for action over time, and a form of
self-narrative in which past and future actions are given a general coherence through
a set of goals, motives, projects, and general lines of conduct [7]. It is undeniable that
we have memories, that we make plans, and that there is continuity between our past
and our future. 

What is the nature of this sense of a continuous self? Dennett [44] defined “self ”
as an abstract center of narrative gravity: it consists of the abstract and movable point
at which the various stories that the subject tells about him/herself meet up. The
notion of narrative self finds confirmation in psychology and in neuroscience. In the
former, Neisser’s concept of the extended and conceptual self, initially explained in
terms of memory, is enhanced by considerations of the role that language and narra-
tive play in developing our own self-concept [45]. On the other hand, recent neu-
ropsychological approaches have led to a consensus regarding the fact that process-
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ing is for the most part distributed across various brain regions, and it cannot be said
that there is a real center of experience.

Gazzaniga [15] suggested that one function of the brain’s left hemisphere is to
generate narratives, using the interpreter. In this view, the left hemisphere devises
interpretations for the meanings, actions, and emotions produced by the right hemi-
sphere. This mechanism weaves together autobiographical fact and inventive fiction
to produce a personal narrative that enables a sense of a continuous self. As a whole,
the self should not be false because the normal functioning of interpreter tries to
make sense of what actually happens to the person. A more extended model [7] con-
sidered the self not as an abstract center but rather as an extended self, which is
decentered and distributed (Fig. 3.3). This view allows for conflict, moral indecision,
and self-deception in a way that would be difficult to express in terms of an abstract
point of intersection. By extending the ideas of a narrative self, we are perhaps com-
ing closer to a concept of the self that can account for the findings of the cognitive
sciences and neurosciences, as well as our own experience of what it is to be a con-
tinuous self. 

The long-term sense of agency contributes in great measure to a stable sense of
identity and it could be extended to the self process derived from previous self-
knowledge, one’s own past experiences, as well as autobiographical memories. These
memories can be recalled from either the first-person or the third-person perspective.
When recalling memories from the first-person perspective, an individual sees the
event associated with the memory through his or her own eyes. In contrast, when
recalling memories from the third-person perspective, individuals actually see them-
selves in the memory, i.e., as observers watching the remembered events [46].
Conway [47] developed a comprehensive model of autobiographical memory that
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Fig. 3.3 Two models of the narrative self (a) as a center of narrative gravity and (b) according to an
extended and more distributed model of the narrative self. (Modified from Gallagher [7]) 
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emphasizes the self in memory retrieval. In this view, memory is a powerful force
that acts to construct and maintain a coherent self over time. As such, memory con-
tent can be enhanced or diminished, edited or distorted, amplified or suppressed to
maintain such coherence.

However, although current models emphasize the importance of self to memory
retrieval, many of them do not identify or elaborate on the specific self-evaluative
processes that influence the retrieval of autobiographical memories. Sutin and
Robins [46] proposed a model that includes a significant appraisal process (Fig.
3.4), in which a fundamental step in the retrieval of autobiographical memories is to
determine (appraise) whether it is relevant to the self. To carry out this appraisal,
which may occur either implicitly or explicitly, individuals compare the memory to
their network or self-representations, including representations of their actual, ideal,
and possible selves. According to the model, memories with self relevant content are
subsequently appraised for their congruence with and threat to the current self.
Congruence appraisals refer to whether the self in the memory is consistent with the
current self, and threat appraisals to whether the self in the memory enhances or
diminishes self-esteem. Generally, individuals seek information that is consistent
with their self-view. This coherence gives meaning to the self, organizes and predicts
behavior, and guides social interactions. Consistent self-views promote a coherent
social environment that further serves to stabilize self-views.
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4.1
Introduction

Until the past decade, the sense of agency received very little attention in the field of
cognitive neuroscience, despite its relevance to a variety of psychiatric and neurologi-
cal syndromes associated with abnormalities in the awareness of actions [1]. Yet, com-
pared to other areas of interest in the fields of cognitive and social cognitive neuro-
science, the number of studies that have recently investigated or are currently investi-
gating the brain basis of agency can still be considered as minor to moderate. One rea-
son may be that the sense of agency is a topic often left to philosophers and clinicians
rather than empiricists; another reason may lie in the complex, multifaceted, and often
ill-defined nature of the sense of agency. Nonetheless, advancing methodologies in
cognitive neuroscience and conceptual refinements of the sense of agency along with
the emergence of interdisciplinary fields such as neurophilosophy have opened up new,
intriguing possibilities for investigating the brain basis of agency experience. 

The cognitive neuroscience approach to the sense of agency understands agency
as an operationalizable construct that can be broken down into paradigms amenable
to neuroscience techniques, such as functional magnetic resonance imaging (fMRI),
positron emission tomography (PET), electro- or magnetoencephalograpy (EEG or
MEG), and transcranial magnetic stimulation (TMS). On a general note, research
strategies in cognitive neuroscience may be manifold. First, a researcher may focus
on a given brain region X and investigate whether it subserves a process Y. Compared
to this more a priori approach, a researcher may instead focus on a process Y and, in
a more exploratory manner, investigate the network of brain regions associated with
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it. In addition, a researcher may look for “loci,” that is, brain regions activated dur-
ing a given cognitive process (e.g., the medial temporal lobe is implicated in memo-
ry encoding), or mechanisms (e.g., how do medial temporal neurons encode new
information?). However, the afore-mentioned cognitive neuroscience techniques are
not equally suitable to meet the research needs posed by these different strategies; for
example, fMRI is particularly–but certainly not exclusively–advantageous for
addressing questions about loci, unlike EEG, which is valuable for the examination
of neural mechanisms. 

This chapter reviews present neuroimaging studies in the field of agency, focus-
ing on functional anatomy. In what follows, it will become clear that the picture of
the sense of agency compiled by cognitive neuroscience studies remains heteroge-
neous and inconclusive. The multifaceted and multilevel nature of the sense of
agency may explain this heterogeneity, but it may also be due to the theoretical con-
ceptions of the sense of agency offered by the researchers who designed these stud-
ies. It should be kept in mind that theories determine hypotheses, which determine
paradigms or operationalizations, which in turn influence results. Thus, operational-
izations of agency can be very diverse (Table 4.1): from manipulating the sensory
feedback to a subject’s movement, abolishing the sensation of self-agency and often
leading to attribution of the action to another agent, to judging the onset of voluntary
and involuntary movements and their sensory consequences [2].

4.2
A Functional Anatomy of the Sense of Agency: Past Evidence

Functional MRI or, in the earlier days, PET studies have associated a list of brain
regions with the sense of agency, namely, the inferior parietal lobe (IPL) or posteri-
or parietal cortex (PPC) [3-8], the cerebellum [9, 10], the posterior superior tempo-
ral sulcus (pSTS) [11, 12], the insula [3, 5], dorsolateral and ventrolateral prefrontal
cortex [8, 13], as well as the supplementary motor area (SMA) [14, 15] (Fig. 4.1a). 

Critical voices may consider this a rather long list of brain regions compared to
the more circumscribed neural networks associated with other cognitive processes,
such as episodic memory (which mainly involves medial temporal structures).
However, the complex phenomenon of agency is likely to rely on lower-level senso-
rimotor as well as higher-level phenomenal processes [16]. To elucidate the exact
functions and the specificity of each implicated region for the sense of agency, a
closer inspection of the present data, especially in the context of employed tasks,
seems helpful (Table 4.1) as it reveals that some brain regions have more consistent-
ly been associated with the sense of agency than others, for example, the parietal cor-
tex and the cerebellum (Table 4.1, Fig. 4.1b). In the following, the specific contribu-
tions and possible groupings of agency-associated brain regions, displayed in Fig.
4.1, are discussed.
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Table 4.1 Current agency-related neuroimaging studies and their findings

fMRI/ PET studies Agency-related task Activated

Blakemore et al. a. Unpredictable vs predictable tones, a. STS, IPL
(1998) [31] b. movement (i.e., self-generated tones) b. CB, SMA,

vs no movement conditions INS, DLPFC,
IPL, PPC

Blakemore et al. Self- vs externally generated tactile stimuli CB
(1998) [29]

Fink et al. (1999) [8] a. Intentional hand movements under a. IPL, PPC,
visuomotor mismatch, b. Unintentional DLPFC
(passive movements) b. VLPFC

Ruby and Decety, Imagined experimenter’s or imagined IPL
(2001) [26] own actions

Chaminade and Decety Leading vs following or observing (pre-)SMA,
(2002) [7] a circle’s movement IPL, PPC

Farrer and Frith a. Self- or b. experimenter-controlled a. INS, SMA, CB
(2002 ) [5] and attributed movements b. IPL, PPC

Farrer et al. (2003) [3] Manipulation of subjects’ control of a. INS, CB
a virtual hand (a. increased control, b. IPL,
b. decreased control) pre-SMA

Leube et al. (2003) [11] Detection of temporal visuomotor pSTS, CB
mismatch during continuous hand movements 

Ramnani and Miall Visually triggered button presses pSTS, CB
(2004) [12] (third- vs first-person agent)

David et al. (2007) [32] Temporally and spatially delayed visual cursor IPL, SMA, 
feedback vs real feedback to movements VLPFC

Schnell et al. a. Monitoring and b. detection of temporal a., b. IPL
(2007) [18] visuomotor mismatch (own vs a. DLPFC

computer-generated movements) b. VLPFC

Farrer et al. (2008) [4] a. Temporal delay detection task involving a., b. DLPFC, IPL
visuomotor mismatch, b. self-other a. pre-SMA
action attribution

Agnew and Wise a. Active versus b. passively induced a. & b. SMA
(2008) [6] finger tapping a. CB

b. PPC

Spengler et al. (2009) [17] Other-generated (i.e., delayed or response- STS/ IPL
incongruent) vs self-generated visual events 

CB, cerebellum; DLPFC, dorsolateral prefrontal cortex; INS, insula; IPL, inferior parietal lobule;
PPC, posterior parietal cortex; pSTS, posterior superior temporal sulcus; SMA, supplementary
motor area; VLPFC, ventrolateral prefrontal cortex



4.2.1

The Posterior Parietal Cortex and Inferior Parietal Lobule

The parietal cortex, including its inferior (IPL) and more superior or posterior parts
(PPC), is amongst the prime candidate for housing processes associated with the
sense of agency. The IPL and PPC are typically activated in paradigms that employ a
mismatch between predicted versus actual action outcomes or sensorimotor (espe-
cially visuomotor) incongruence [3-5,18]. These paradigms draw on an internal
model originally developed for motor control [19], which in the context of agency
has also been referred to as the comparator model. Essentially, this model posits that
the comparison between predicted (via an efference copy) and actual sensory feed-
back aids the sense of agency in the following way: if the predicted and actual states
agree, the sensory event is attributed to one’s own agency. Incongruence between the
actual and the predicted sensory feedback rather lead to the attribution of action to
another agent. 

In fact, as a multimodal area [20] it does not seem far-fetched that the PPC is the
place in which sensory signals from many modalities, including efferent motor sig-
nals, converge and are matched. Strong support for this hypothesis also comes from
patients with parietal lesions [21] and from the induction of virtual lesions via TMS
in healthy subjects [22]. MacDonald and Paus [21] showed that, when manipulating
the PPC via TMS, subjects were less likely to detect induced temporal distortions
between their own finger movements and the visual feedback to these movements
given by a corresponding virtual hand. The authors suggested a crucial role for the
PPC in evaluating the temporal congruency of sensory and central motor signals giv-
ing rise to the sense of agency. How exactly a comparator mechanism is implement-
ed in parietal cortices requires further research.
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Fig. 4.1 Functional anatomy of agency. a Arrows indicate approximate anatomical locations of the
brain regions implicated in the sense of agency (the right hemisphere is displayed). b Schematized
frequencies with which these brain regions have been reported in neuroimaging studies of agency



In addition, the role of spatial reference frames—as encoded in the parietal cor-
tex [23]—has been discussed for the sense of agency. More specifically, it has been
suggested that the actions of others are remapped and represented in allocentric,
instead of egocentric, coordinates [5, 24]. In fact, a number of studies have investi-
gated agency in relation to perspective taking [25, 26]. Given its capacity for multi-
modal integration, the parietal cortex may combine the different input signals from
motor and sensory cortices, also taking into account different coordinate frames of
signals, to produce a common, holistic spatial representation of the action. 

The parietal cortex is a large area that includes action-relevant areas such as the
intraparietal sulcus, somatosensory cortex (which is actually subsumed under the
PPC), and the angular gyrus (as part of the IPL). To date, it is unclear whether dif-
ferent parietal regions, specifically, the IPL vs PPC, subserve different functions for
the sense of agency. Both have been implicated in the detection of sensorimotor mis-
match and the awareness of authorship. A more recent study has also implicated the
parietal operculum in active vs passively induced finger movements [6]. Further
research is required to answer this question.

4.2.2

The Cerebellum

It has been suggested that the cerebellum houses internal models of motor control
[27]. As such, it has also been implicated in the forward and comparator models and,
thus, in the prediction of the consequences of actions. Indeed, there is strong evi-
dence for the involvement of the cerebellum in such predictions: by means of an
intriguing apparatus, Blakemore et al. [28] showed increased cerebellar activation as
a function of delay between predicted self-generated tactile sensation via a robotic
arm and actually experienced sensations. Even stronger evidence comes from the
study carried out by Synofzik and colleagues, who tested the updating of sensory
predictions in patients with cerebellar lesions [33]. Although patients performed
equally well detecting sensorimotor mismatch, they were impaired when they flexi-
bly had to adapt their motor performance (i.e., update internal predictions) to implic-
it changes in the environment. Moreover, as another mechanism differentiating one’s
own actions from those of others, it has been shown that the prediction of self- but
not other-generated sensory events attenuates the experience of those events (i.e., the
reason why we cannot tickle ourselves but others can) [29, 30]. There is evidence that
the cerebellum mediates this attenuation. 

Both the parietal lobe and the cerebellum have been proposed to play a role in
sensorimotor prediction [9]. How does the role of the cerebellum differ from that of
the parietal cortex? In neuroimaging studies of agency (Table 4.1), the cerebellum
appears to be especially activated during: (i) the experience of control over a virtual
hand [3] or attribution of agency to the self [5] and, (ii) when active movements are
compared to passive [6] or no [31] movements, thus possibly coding for motor effer-
ences. By contrast, the IPL is recruited during unpredictable action outcomes [31] or
the registration of sensorimotor mismatch [4, 8, 18, 32], signaling other causes (i.e.,
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agents) for an action-related sensory event. Indeed, the IPL has explicitly been asso-
ciated with the attribution of action to another agent [3–5]. It seems that the cerebel-
lum—unlike the parietal cortex—is not necessarily associated with the actual com-
parison of predicted and actual signals or the detection of violations [29], nor with
explicit distinctions between self- and other-generated actions. Sirigu [21] showed
that patients with damage to the parietal lobule may no longer be able to differenti-
ate their own hand movements from those of another agent (see also [22]). A similar
phenomenon has not been reported for patients with damage to the cerebellum.

4.2.3

The Posterior Superior Temporal Sulcus

The role of the pSTS for the sense of agency is less clear-cut. In fact, the STS
appears to be a multifunctional talent in the brain [34], implicated in social percep-
tion (e.g., of socially relevant signals such as eye gaze, hand or lip movements) [35]
or other biological motion processing [36, 37], mental state inferences [38], emotions
[39], and multisensory integration [40]. A few studies have also associated the pSTS
with the sense of agency, more specifically, with the predictability of action conse-
quences and violations thereof [11, 12, 17, 31]. What does the pSTS code for: the
comparison of efferent and reafferent feedback signals [11]? Intentional agents other
than the self [12, 41, 42]? Or simply the processing of explicit or implied biological
motion [36, 43]? All of these functions certainly play into the sense of agency.
Interestingly, the STS also has been associated with mirror properties, that is, shared
action representation for self and other [44]. More specifically, it has been shown
that neurons in the STS respond independently of who performs the action. In addi-
tion, and further elucidating the function of the STS in agency, the STS was report-
ed to remain silent during single-cell recordings in the monkey in the absence of
visual feedback to the monkey’s limb movements (see [44] and compare with [45]),
suggesting a predominant processing of visual and not proprioceptive or motor sig-
nals in the STS. To date, it is unclear how the pSTS could possibly subserve a mech-
anism, which compares predicted and actual senosry feedback or efferent and reaf-
ferent signlas thus signallig a distinction between self and other, and yet houses
shared representations of self and other at the same time.

4.2.4

The Insula

Farrer and colleagues [3, 5] implicated the insula in the sense of agency (which they
could not replicate in a later study) [4]. In the paradigms used by the authors, a dis-
crepancy between the subjects’ hand movements (e.g., via a joystick) and the visual
feedback provided to the subjects was introduced. They found that the smaller the
discrepancy, the higher the activation of the insula [3, 5], which was also associated
with an increased feeling of causing the movement. Does the insula code for self-
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agency, as suggested by these findings? Some authors believe that the insula rather
represents a correlate of body ownership (i.e., is this my hand?) instead of agency
(i.e., is this my movement?) [46].

The sense of ownership can be considered closely related but distinct from the
sense of agency [47]. Strong support for this alternative hypothesis on the function
of the insula comes from patients with anosognosia with common damage to the
insula. These patients experience their body or parts of their body as not belonging
to them anymore [48, similarly 49]. Thus, the insula, as an area in which internal pro-
prioceptive signals converge with signals from other modalities, may aid in the sense
of body ownership [49]. 

4.2.5

The Supplementary Motor Area

The SMA shows increased activation during awareness and execution of self-gener-
ated movements [5], for example, when leading a movement versus just
following/observing a movement [7] or when moving versus no movement [31]. We
know that the SMA plays a crucial role not only in the execution of movements but
also in their preparation and initiation [50-52]. For example, it has been shown that
a pharmacologically induced temporal knockout of the SMA in monkeys has a severe
impact on their ability to initiate a movement. Hence, some authors have explicitly
associated the SMA with the formation of motor or action intentions and the transla-
tion of those intentions into corresponding motor commands [53]. Patients with
lesions to the SMA indeed suggest a strong link between the SMA and motor inten-
tions, often experiencing unintended actions of their own hand as if the hand had a
“will of its own” [54].

4.2.6

The Prefrontal Cortex

The currently available, but limited, evidence suggests that regions in the prefrontal
cortex, namely, the dorsolateral and ventrolateral prefrontal cortices, perform super-
visory functions at the level of conscious monitoring of actions, leading to the con-
scious detection of sensorimotor mismatches or of conflict between intended/predicted
and actual action outcomes [8, 18]. By contrast, these regions do not seem relevant
at lower levels of agency processing, such as sensorimotor integration [55, 56].
Slachevsky and colleagues used a classical agency paradigm, which again imple-
mented sensorimotor mismatch. They found that, unlike controls, patients with pre-
frontal lesions were unaware of this mismatch but nonetheless showed motor adjust-
ments to the distorted visual feedback [55, 56]. Such findings are in line with mod-
els of consciousness in general, proposing that conscious perception is associated
with increased parietofrontal activity [57].
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4.3
Future Directions

The previous sections suggest the need to formulate an account of agency, one that is
capable of integrating presently available evidence. In fact, recent theoretical develop-
ments followed a more holistic line, describing the sense of agency on the level of motor
intentions, sensorimotor control and monitoring, as well as identification. We have
learned that numerous brain regions, such as frontal, parietal, as well as cerebellar cor-
tices, might be associated with the sense of agency. Yet, a model explaining whether or
how the afore-mentioned brain regions (Fig. 4.1) interact during the sense of agency is
missing. Computational models of the sense of agency, such as those developed for
grasping via mirror neurons [58] and for sensorimotor control [59], may help but remain
to be developed [as also discussed by 60]. Arbib and Mundhenk [41] roughly schema-
tized a model, that integrated grasping as the action (via parietal and premotor areas),
perception for the object to be grasped (via inferior temporal cortex), and encoding of
the identity of the agent (according to Arbib and Mundhenk mediated by the STS, [41]).
This model requires validation and further theoretical extensions.

In fact, methodological advancements allow us to test such proposed neural inter-
actions directly. There are two possible connectivity measures of neuroimaging data
[61]: (i) functional connectivity, defined by correlated time courses of activity
between different brain regions, and (ii) effective connectivity containing direction-
al assumptions (i.e., the influence one neuronal system exerts over another).
Effective connectivity has been successfully applied to test interregional connectivi-
ty during grasping: Grol and colleagues [62] demonstrated increased coupling
between activated parietal and frontal areas as a function of necessary online-control
during grasping (e.g., bigger vs small objects). As mentioned above, the presently
available data on the brain basis of the sense of agency are limited; we do not know
enough to formulate a testable computational or connectivity model of agency.
Nonetheless, potential models of dynamic interregional interactions could be pro-
posed based on a systematic comparison of relevant fMRI studies, co-activations
between different brain regions within a single neuroimaging study, and more gener-
al evidence from the monkey brain on anatomical connectivity. Regarding the latter,
for example, we know that two regions implicated in the sense of agency, namely, the
STS and the IPL, are reciprocally connected [63]. Connectivity analyses should
guide future neuroimaging work related to the sense of agency, especially given that
disconnections are thought to play a major role in disorders such as schizophrenia
[64]. Of course, other neuroscience techniques such as EEG or MEG also allow for
the examination of correlations or synchronous activity between distributed brain
regions, and on faster time scales than fMRI [65]. In fact, the topic of neural syn-
chrony in cortical networks recently received increased scientific attention and was
investigated in relation to schizophrenia [66]. In addition, due to their excellent tem-
poral resolution, EEG and MEG might allow the temporal-functional aspects of the
sense of agency to be elucidated. These techniques have been used in studies of
action observation [67, 68] but, surprisingly, not in agency research. 
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4.4
Conclusions

For many disciplines–be it philosophy or neuropsychology–the sense of agency is an
intriguing concept. Technological advances and the emergence of interdisciplinary
disciplines such as cognitive neuroscience have opened up the possibility to investi-
gate the neurobiological underpinnings of the sense of agency, ultimately also
improving our understanding of neurological-psychiatric instances of abnormalities
of action awareness. Although we have started to elucidate the functional anatomy of
the sense of agency, much remains to be discovered. It seems that premotor and pre-
frontal regions in particular code for higher-level aspects of agency as opposed to
parietal-cerebellar regions; nonetheless, the exact function of these and other corre-
lates of agency remains unclear. The limited amount of data may also contribute to
the lack of computational or neural network models of the sense of agency. Thus, the
investigation of functional mechanisms contributing to the sense of agency remains
a widely open, interesting field of research.
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5.1
Agency and Its Role in Human Behavior and Experience

The sense of agency is defined as the “experience of oneself as the agent of one’s
own action” ([1], p. 523). It means being the one causing a specific movement or
generating a certain thought in the stream of consciousness [2]. This ability implies
distinguishing actions that are self-generated from those generated by others [1], thus
contributing to the subjective phenomenon of self-consciousness [2-4]. Moreover,
being the initiator of an action entails representation of oneself as causally responsi-
ble for the action and for its direct effects [5]. 

The representational content of the sense of agency is not only determined by
action initiation per se, but also refers to the guidance and consequences of one’s
action and the causal relation between action intention, action performance, and
action consequences. Agency results from the “intentional binding” of intentions,
actions, and sensory feedback [6, 7]. According to Searle [8], intentions contribute
substantially to action awareness; they are not separate from the action itself and
include a representation of its long-term goals. Actions are continuously represented
in the intention of action, through the integration of internal and external changes. In
this sense, agency results from the “on-line” control of action execution. Thus, every
activity, for example studying or having an interesting conversation, can be consid-
ered as a complex cognitive phenomenon characterized by action intention [6, 9, 10],
knowledge [10], cues from content or the environment [10], initiation of action,
awareness of movements [11], sense of activity, mental effort, sense of continuous
control of action execution, and awareness of the stake of the activity as well of its
long-term goals. Accordingly, the sense of agency has been studied from different
perspectives and at different levels of complexity. 
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From the neuropsychological and the neurophysiological perspectives, tactile
stimulation, proprioception (passive movements), and action (active movement) are
defined as constituents of bodily awareness [12]. Several brain areas involved in the
sense of agency have been detected [13-18]. As explained in other chapters of this
volume, the motor system, including the ventral premotor cortex, the supplementary
and pre-supplementary motor areas, the cerebellum, the dorsolateral prefrontal cor-
tex, the posterior parietal cortex, the posterior segment of the superior temporal sul-
cus, and the insula are known to be involved in this complex process. 

From the social-cognitive perspective, the sense of agency has been studied in
terms of human development, adaptation and change [19-21]. Humans are self-
organizing, proactive, self-regulating, and self-reflecting systems. In being the agent
of an action, an individual intentionally influences his or her functions as well as the
environment as contributions to life circumstances. Four main properties of human
agency can be described within this framework: intentionality, forethought, self-reac-
tiveness, and self-reflectiveness [20]. The first, intentionality, is the ability to form
intentions that include action plans and the strategies for realizing them. An intention
is a representation of a future course of action to be performed: it is not simply an
expectation or prediction but a proactive commitment to bring about the action. Thus,
intentions and actions are different aspects of a functional relation. The second prop-
erty of human agency is forethought, which involves a temporal extension of agency
that is broader than future-directed plans: people set goals and anticipate outcomes
of prospective actions in order to guide and motivate their efforts. A forethought per-
spective provides direction, coherence, and meaning to one’s life. The third property,
self-reactiveness, refers to the fact that people are not only planners and forethinkers,
but also self-regulators. Intentions and action plans involve the deliberate ability to
make choices and organize actions, to construct appropriate courses of action, and to
motivate and regulate their execution. Finally, self-reflectiveness is the ability to
monitor one’s own functioning: people reflect on their personal efficacy, the sound-
ness of their thoughts and actions, and the meaning of their pursuits, making correc-
tive adjustments if necessary. 

According to Bandura [21], the core property of agency that is the most distinct-
ly human is the metacognitive ability to reflect upon oneself and the adequacy of
one’s thoughts and actions. This perspective rejects the duality of human agency and
social structure. Rather, it connects them in the sense that social systems are prod-
ucts of the human activity that organizes, guides, and regulates human behavior.
Social cognitive theory thus distinguishes between individual, proxy, and collective
modes of agency, which are strictly related in everyday functioning. Personal agency
is exercised individually. However, in many spheres of functioning, people do not
have direct control over the conditions that affect their lives. Thus, instead, they exer-
cise socially mediated agency, or proxy agency, through their influence on others
who have resources and knowledge, and act on their behalf [22-24]. Finally, many of
the things people desire are attainable only by working together through interdepend-
ent effort. In the exercise of collective agency, knowledge, skills, and resources must
be pooled, and actions must be undertaken in concert to shape the desired future [25]. 

In Bandura’s self-efficacy theory [26], efficacy beliefs play a key role in human
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functioning because they affect behavior both directly and through their impact on
other determinants, such as goals and aspirations, outcome expectations, and the per-
ception of impediments and opportunities in the social environment [21]. Research
findings [27, 28] confirm the crucial role of perceived self-efficacy in human activ-
ities, adaptation, and change. The core of personal beliefs is human agency, and
belief in one’s efficacy is a resource in personal development and change [26].
Agency operates through its impact on cognitive, motivational, affective, and deci-
sional processes. From this perspective, individual development occurs through the
interaction between the active organism and the challenges of the environment. 

From a motivational and developmental perspective, Deci and Ryan’s self-deter-
mination theory [29, 30] describes human agency as a process that refers to those
motivated behaviors emanating from one’s integrated self. To be agentic is to be self-
determined. The distinction between autonomous and externally controlled activity is
important when considering the concept of human agency. To be truly agentic means
to be autonomous. As highlighted by Bandura [31], the sense of agency emerges from
intentional behavior and high self-efficacy beliefs. However, people can be highly
self-efficacious, believing that they can achieve whatever outcome they desire, but at
the same time they can be controlled by those outcomes. In this case, they are not
agentic in a true sense. By contrast, the prototype of autonomous activity, from which
agency emerges as an integrated process, is the intrinsically motivated behavior that
is performed out of interest and requires no separable consequence, no external or
intrapsychic prods, promises, or threats [32]. Csikszentmihalyi [33] used the term
“autotelic” to describe this behavior, for which the only necessary reward is the spon-
taneous experience of interest and enjoyment. Intrinsic motivation entails curiosity,
exploration, spontaneity, and interest. Intrinsically motivated behaviors are per-
formed when individuals are free from demands and constraints. People are primari-
ly motivated by contexts fostering volition and self-determination [29, 30, 34-36].

Agency has also been studied in relation to cultural features. According to
Markus and Kitayama [37], individuals perceive themselves as consisting of a set of
attributes that enable them to be connected with or separated from others in their
environment. From this perspective, agency originates either in the person or in the
community, according to the culture’s tendency to promote independence or interde-
pendence. Personal agency assumes that people perceive themselves as the origin of
their own behavior and are motivated to act upon opportunities that allow them to be
the sole initiators of their behavior. In cultures fostering independent selves, agency
is experienced as an effort to express one’s internal needs, rights, and abilities, and
to withstand undue social pressures. At the opposite end, in cultures fostering inter-
dependent selves, agency is experienced as an effort to be receptive to others, to
adjust to their needs, and to restrain one’s own inner needs or desires [38]. Research
evidence suggests that human cognition–the process that enables humans to interpret
and encode information, to draw inferences, and to make judgments–is a culturally
driven phenomenon [39-41]. Members of cultures promoting independence tend to
build mental representations of their surroundings with regard to their components
[42], focus on individual dispositions to the exclusion of other components in the
environment [43-45], and attribute power and authority to the individual [46]. In con-
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trast, people belonging to cultures promoting interdependence tend to represent their
environment holistically [42, 47], make more judgments on others’ behavior based on
situational factors [43, 44, 48], and attribute power to the collectivity [46]. In terms
of agency, cultures fostering independence assign control and stability to the individ-
ual, while those fostering interdependence attribute control to the community envi-
ronment. Moreover, members of independent cultures are more motivated by con-
texts allowing personal agency, while in interdependent cultures members are more
motivated by contexts allowing for collective agency [38].

The economist Amartya Sen [49, 50] defined agency as a constituent of eudai-
monic well-being, highlighting its connection with intentionality, self-awareness,
self-determination, and responsibility. The sense of agency represents the property
according to which relevant and meaningful actions take into account the relation
between the person, the social context, and people’s needs. In the eudaimonic
approach [51-53], well-being is not synonymous with pleasure, positive emotions, or
needs fulfillment. Instead, it emphasizes the mobilization of resources, the develop-
ment and implementation of abilities and skills, self-determined behavior, the build-
ing of social competencies and interpersonal relations, and the pursuit of aims and
activities that are meaningful for the individual and society. This implies that a per-
son can actively and voluntarily pursue activities, goals, or relations considered as
important but not necessarily leading to individual benefits and pleasure. Individuals
can invest personal energies and psychic and material resources into activities that
are relevant for the community, sometimes sacrificing, either completely or partial-
ly, personal functioning (free time, relaxation, material goods, comforts). 

5.2
Agency and Experience

In order to analyze the role of agency in human development, the relation between
agency and the quality of experience in daily activities must be taken into account.
The sense of agency is characterized by the monitoring of behavior in facing envi-
ronmental challenges and in pursuing short- and long-term goals. In this sense, it is
strictly related to the quality of experience in performing daily activities. People who
actively participate in their daily activities are also agents of experiences. To success-
fully navigate their way through a complex world full of challenges and hazards, peo-
ple have to make sound judgments about their own capabilities, anticipate the likely
effects of different events and courses of action, seize opportunities available in the
socio-cultural environment, and regulate their own behavior accordingly. 

Research on brain development has highlighted the influence of agentic action on
the functional structure of the brain [54, 55]. By regulating their motivations and
activities, people produce the experiences that shape the functional neurobiological
substrate of symbolic, social, and psychomotor structures, as well as other skills.
Moreover, individuals have to accommodate their sense of agency with the environ-
ment and thus have to take into account experience associated with daily activities.
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Exploring the relation between the quality of experience and agency can provide
a bio-psycho-social understanding of human development, adaptation, and change. 

5.2.1

Defining and Measuring Experience 

Subjective experience is a representation of the external world based on the internal
conditions of the complex human system [56, 57]. Scholars from different disciplines
have emphasized the need to address experience as a unitary complex that emerges
from the integration of emotional and cognitive information and which represents a
subjective and dynamic representation of the world, influenced by contingent inter-
nal and external changes [58]. Experience fluctuates across different states, based on
the influence of internal and external conditions. These states have been studied and
defined from different disciplines. 

From the neurophysiological perspective, each state of consciousness stems from
the moment-by-moment integration of specific groups of neurons that interact
through a rich and diverse repertoire of neural patterns. Each specific experience can
therefore be considered as a well-defined configuration of neural activities [59].

From the psychological perspective, experience has been investigated in various
ways. In particular, daily diaries and time-sampling procedures–which allow
researchers to gather on-line information on the fluctuation of subjective states dur-
ing real life–have provided new insights into the structure of experience [60]. The
advantages and pitfalls of these instruments have been widely discussed [61, 62], but
one of their major strengths is their effectiveness in highlighting the dynamic fea-
tures of daily experience. The findings obtained through time-sampling procedures
suggest that: (a) experience is idiosyncratic, in that it is related to stable individual
features; (b) experience ceaselessly changes according to its contents, which are
related to the contingent environmental and individual conditions; and (c) in the long
term, experience contributes to broadening the behavioral repertoire available to
individuals, thus promoting development and complexity at both the biological and
the psychological levels [63, 64].

Interesting findings on the fluctuation of experience in daily life have been
obtained through the use of the experience sampling method (ESM), a procedure
developed by Csikszentmihalyi, Larson, and Prescott [65]. The ESM allows
researchers to explore experience fluctuations through on-line self-reports filled out
by the participants in their daily contexts. In a standard ESM session, for one week
participants are provided with a booklet of forms and an electronic device sending
random acoustic signals 6–8 times a day, from 8.00 am to 10.00 pm. At signal recep-
tion participants are expected to fill in a form. They are asked to describe the ongo-
ing activities, location, and social context through open-ended questions. They are
also asked to evaluate their experience using 0–12 Likert-type scales assessing the
levels of cognitive, affective, and motivational variables, and of the perceived chal-
lenges and skills [66-68]. Before data analysis, forms completed more than 20 min
after signal receipt are discarded, in order to avoid distortions due to retrospective
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recall. Answers to open-ended questions are assigned a numeric code and grouped
into larger functional categories [69]. Given repeated sampling, scaled variables are
usually standardized for each individual based on the weekly mean value for each
variable. 

ESM has been widely used across cultures, in both cross-sectional and longitudi-
nal investigations, with clinical and non-clinical samples [70-73]. Several method-
ological studies have investigated its reliability and validity, as well as participants’
compliance. Reliability was analyzed with test-retest split-half procedures [74-76]. As
concerns validity, several studies correlated ESM data on the internal states with indi-
vidual physical conditions. For example, Hoover [77] obtained high correlations
between physiological indices (cardiac and motor frequency) and the ESM variables
“active” and “awake”. Finally, participants’ compliance has been widely studied over
the last two decades [75, 78-84]. The ESM procedure can be successfully used with
different typologies of participants, provided that they are able to write and that
researchers establish a good research alliance with them. So far, tested samples have
comprised groups of people from 10 to 85 years of age [85], widely varying in their
socio-demographic features [75, 78-84]. The rate of compliance shows some varia-
tions according to sample characteristics: over a one-week ESM session,
Csikszentmihalyi and Larson [67] reported a signal response rate of 73% among blue-
collar workers, 83% in a group of white-collar workers, and 92% among managers. 

Due to repeated sampling, ESM enables researchers to detect changes in experi-
ence (namely, in the values of affective, cognitive, and motivational variables) across
situations. Such changes are related to ongoing activities, social contexts, and loca-
tions. However, using the ESM it is also possible to investigate specific patterns of
experience fluctuation related to subjective dimensions. In particular, several studies
have shown that the quality of experience varies according to the relationship between
perceived values of environmental challenges and of personal skills [87]. Specific
experience fluctuation patterns related to different challenges/skills ratios have been
identified through the experience fluctuation model (EFM; Fig. 5.1) [88, 89]. 

Depending on the challenges/skills ratio (standardized scores), in the EFM, the
Cartesian plane is divided into eight areas, called channels. Four main experiences
are identified, corresponding to specific channels: (a) optimal experience (channel
2), characterized by above average values of perceived challenges and skills; (b)
relaxation (channel 4), associated with below-average challenges and above-average
skills; (c) apathy (channel 6), characterized by below-average challenge and skill val-
ues; and (d) anxiety (channel 8), associated with above-average challenges and
below-average skills. The remaining challenges/skills ratios are called transition
channels [90, 91], as they are associated with intermediate experiential states: arous-
al (channel 1), control (channel 3), boredom (channel 5), and worry (channel 7). 

Studies with various samples [79, 82, 92] confirmed that in channel 2 (optimal
experience) participants report the most positive and integrated state of conscious-
ness, and in channel 6 (apathy) a negative experience of psychic disruption and dis-
engagement [71]. In channel 4 (relaxation), participants report positive mood and
confidence but low engagement; in channel 8 (anxiety), they report high engagement
but also a low level of control of the situation.
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5.2.2

Agency in Daily Life: A Crucial Component of Optimal Experience

According to ESM findings, individuals can be aware of the moment-by-moment
succession of events in consciousness and of their own intentions and action plans.
From a different perspective, the neuroscience of action and the neuropsychology of
schizophrenia have evidenced the existence of the “who system” [3, 93]. The who
system theory provides a cognitive model of agency in which peripheral information
from visual and proprioceptive perception of the moving body and its effects on the
environment, as well as more putative central signals, are related to action initiation
and the ability to plan [94, 95]. As a constituent of consciousness, agency is the sense
of intending and executing actions, including the feeling of controlling one’s own
body movements, thoughts, events, and external environment. Agency involves a
strong efferent component, because centrally generated motor commands precede
voluntary movements. 

Since every experience is characterized by the interplay of emotion, motivation,
and cognition in response to internal and environmental events, agency, as the abili-
ty for action awareness and action monitoring, is strictly related to the quality of
experience associated with every activity. A repeated sampling procedure such as the
ESM allows researchers to assess this relationship, providing information on the on-
line daily quality of experience and on the dimensions of agency. As previously
reported, in ESM forms participants are asked to evaluate the levels of concentration,
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perceived goals, intention of action, sense of activity, mental effort, and situational
control. Moreover, by identifying, through the EFM, different patterns of conscious
experience based on the relationship between perceived challenges and skills,
researchers can assess some of the key components of the sense of agency and their
changes across patterns of experience fluctuation.

In the following, we specifically discuss the relationship between agency and a
particular state of consciousness, optimal experience, which corresponds to channel
2 of the EFM (Fig. 5.1) and is therefore characterized by above-average challenges
and skills. Optimal experience was first identified through interviews with people
involved in complex and challenging tasks during their work or leisure life, such as
surgery, arts, mountain climbing, or chess playing [33]. These people unanimously
reported experiences of deep involvement in performing such tasks; more specifical-
ly, they described a state of consciousness characterized by deep concentration,
absorption, enjoyment, control of the situation, clear-cut feedback on the course of
the activity, clear goals, and intrinsic reward. Csikszentmihalyi labeled this positive
and complex condition as “flow” (or optimal experience). The term “flow” syntheti-
cally expressed the feeling of fluidity and continuity in concentration and action
described by most participants.

Several cross-cultural studies, conducted on samples widely differing in age, edu-
cational level, and occupation, have shown that optimal experience can occur during
a wide variety of daily-life activities, such as work, study, parenting, sports, arts and
crafts, social interactions, and religious practice [70, 71, 80, 82, 87]. However,
regardless of the activity, the onset of optimal experience is associated with a specif-
ic condition: the ongoing task has to be challenging enough to require concentration
and engagement, and to promote satisfaction in the use of personal skills. Repetitive
and low-information tasks are seldom associated with flow, while its occurrence dur-
ing complex activities requiring specific resources, autonomous initiative, and
focused attention has been widely reported [64]. 

Optimal experience shapes individuals’ long-term goals and competences by
virtue of its dynamic structure, embedded in the perceived match between challenges
and skills. This match is not stable: while first engaging in a new activity, people usu-
ally perceive challenges as much higher than their abilities, cultivation of the activi-
ty promotes the increase in related skills and the search for higher challenges, giving
rise to a virtuous circle fostering the acquisition of new information. In this perspec-
tive, optimal experience promotes progressively higher competences and increasing
integration of information [60]. Moreover, while optimal experience emerges from a
complex integration between cognitive, emotional, and motivational components
[82], it is not a peak condition. Instead, it represents a state of balance, in which all
psychological components show positive values, allowing for high performance and
integration of information. In the description of this experience, people do not
emphasize the emotional aspect, rather the focus is the involvement in high-level
external challenges, which requires active participation, and the satisfaction derived
from the increase in personal abilities. 

Some of the features of optimal experience are specifically related to the sense of
agency: 
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(a) There is a merging of action and awareness; individuals are absorbed in the task
at hand but at the same time report high levels of alertness and activation.

(b) Individuals are in control of the action, without the need for self-monitoring.
(c) The experience is autotelic; individuals are intrinsically motivated and are not

concerned with external rewards. The primary reward consists in performing the
activity itself [29, 32].

(d) The situation is characterized by clear rules and provides clear feedback on the
performance.

(e) Individuals perceive clear goals in the short and in the long term.
(f) The balance between environmental challenges, perceived as stimulating and

demanding, and personal skills, perceived as adequate to the challenges, pro-
motes the effortless flow of concentration and absorption in the activity.

5.3
Empirical Evidence: A Study with Italian Adolescents

Agency refers to acts done intentionally. According to Bandura [20], an intention is
“a presentation of a future course of action to be performed... a proactive commit-
ment to bringing future actions about” (p. 6). Humans are “producers of experiences
and shapers of events” ([25], p. 75). An agentic person is thus one who plans future
activities, anticipates consequences, and adjusts the course of action, in order to
achieve goals in different life domains. These topics are of particular interest in ado-
lescence, a period characterized by disengagement from childhood play and introduc-
tion into the world of adult challenges [96]. Teenagers face multiple challenges and
opportunities for action and engagement in their daily environment: school and
learning tasks, social relations with adults and peers, and a large amount of free
time—at least in post-industrial societies—which provides them with freedom from
adult control and with the chance of discovering the pleasure of self-regulated expe-
riences [97].

Several studies on adolescents focused on the sense of agency and goals [98],
with the latter generally defined as cognitive representations of desired future out-
comes [99]. Research identified two typologies of goals: the first and more adaptive
one refers to mastery goals, which individuals pursue to acquire and process new
information [98]. The second and less adaptive typology refers to performance goals,
which people pursue in order to display their ability [100-104].

As previously noted, goal orientation relates to the intrinsic and extrinsic motiva-
tion of individuals for performing activities [29, 105]. Intrinsic motives are pursued
for their inherent values (for example, enjoyment, interest, personal growth, social
connection, and community contribution), while extrinsic motives are externally
driven (for example by financial success, attractive images, fame, and popularity).
Research on school motivation in adolescents found that intrinsic motives are relat-
ed to more effective learning and general well-being, whereas extrinsic motives can
undermine these processes [106, 107]. Another study found that mastery goals are

5 The Monitoring of Experience and Agency in Daily Life: A Study with Italian Adolescents 89



more intrinsic, and performance goals more extrinsic [108]. Similarly, the associa-
tion of learning activities with optimal experience has both short-term consequences
with respect to intrinsic reward, and far-reaching implications in promoting longitu-
dinal coherence in the amount of time devoted to studying [28, 109], in shaping indi-
vidual long-term goals [60, 110], and in predicting the level of academic achieve-
ment [109, 111, 113]. 

Bassi and colleagues [28] investigated learning activities and the associated qual-
ity of experience of students with different levels of perceived self-efficacy. The
study emphasized the long-term and day-to-day meaning students attach to learning
tasks from the subjective agentic perspective, shared by perceived self-efficacy and
optimal experience constructs. The authors found that low-self-efficacy participants
spent significantly less time doing their homework and eschewed studying and exam
preparation to the advantage of other activities. In particular, they were significantly
more often involved in relaxing and low-challenging maintenance activities than
high-self-efficacy students. Moreover, high-self-efficacy students mostly associated
class work and homework with optimal experience, while low-self-efficacy students
did not perceive a great amount of opportunities for optimal experience in learning
tasks. During class work, these latter students also reported a relatively high frequen-
cy of apathy, showing cognitive, affective, and motivational disengagement from
activities they perceived as unchallenging and imposed upon them. 

In the domain of leisure, structured activities, such as sports, games, arts, and
hobbies, merge the fun and well-being of leisure with focused attention and engage-
ment [113]. These activities have been defined as “transitional” because they main-
tain aspects of childhood play, providing pleasure, self-expression, and intrinsic
motivation [114], while also promoting intentional effort toward well-defined goals
and competencies, typical of adult behavior [115]. Other activities, such as socializ-
ing, watching television, and listening to music, provide pleasure and fun without
high demands [60]. These activities, defined as “relaxed leisure” [115], do not nec-
essarily represent opportunities for developing specific skills. The crucial aspect dis-
tinguishing transitional from relaxed leisure activities is structure, i.e., a clear set of
rules and procedures that can be associated with personal engagement, concentra-
tion, and effort toward meeting challenges and achieving goals [86].

As a whole, these findings suggest that adolescents pursue multiple goals in their
daily life, some of which may be intrinsic and others extrinsic, some short-term and
others long-term, related to mastery and to performance [116]. From this perspective,
the study of self-regulation in terms of enhancing personal competence and gratifi-
cation should also include the sense of agency in daily life, through the analysis of
the related experiential variables across different states, and in particular during opti-
mal experience. The research described in this chapter can be considered as an ini-
tial attempt to join these two theoretical perspectives. The next section will therefore
explore the interplay between daily experience and agency across the main daily
domains in which adolescents are involved.
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5.3.1

Aims and Methods

Based on the theoretical background presented above, the study described herein was
aimed at exploring quality of experience and sense of agency reported by Italian ado-
lescents during their main daily activities. Data were collected from 261 Italian ado-
lescents (116 males and 145 females) between 15 and 19 years of age (mean age =
17.2 years). Participants were high-school students from the metropolitan area of
Rome and from Milan. The standard ESM procedure was applied, as described in 
Par. 5.2.1. For one week, participants were monitored during waking hours. Over the
course of the study, they completed 10,173 self-reports (39 forms per participant on
average). In data analysis, activities were grouped into the categories studying, struc-
tured leisure, interactions, watching TV, and maintenance. Studying comprised learn-
ing tasks, such as attending lessons (listening to the teacher and taking notes), class
work (oral and written tests), other school activities (talking with friends), and home-
work (studying at home). Structured leisure included hobbies and sports, reading
magazines and books, and thinking about various topics. Maintenance consisted of
activities related to personal care (such as eating, drinking, relaxing).

For scaled items of the ESM, z-scores were obtained based on each individual’s
global mean for each item. Aggregated experiential values (mean z-scores) were cal-
culated on the number of participants [117]. EFM (Fig. 5.1) was subsequently
applied in data analysis. 

For the purposes of this chapter, we focus on the results obtained for the four
major channels of the model. In the Results paragraph, we present the percentage dis-
tribution of the adolescents’ self-reports in the EFM channels. We then analyze par-
ticipants’ sense of agency across the channels. The sense of agency was identified
through the following ESM cognitive and motivational variables: concentration, con-
trol, feeling active, wish to do the activity, and long-term goals. To provide a synthet-
ic overview of the quality of experience in each channel, the emotional component
of experience was analyzed through the variable “happy.” Finally, we present the lev-
els of agency associated with the main daily-activity domains in the four major chan-
nels. We performed t tests to highlight significant differences of the z-scores of the
psychological variables from the subjective mean (corresponding to zero).

5.3.2

Results

Figure 5.2 shows the percentage distribution of the self-reports in the EFM channels.
With similar percentages, participants reported optimal experience (17.48% of the
answers), relaxation (17.05%), and apathy (16.11%). In smaller percentages, they
reported arousal (13.01%), control (7.84%), boredom (10.56%), worry (10.09%),
and anxiety (7.85%).

Figure 5.3 illustrates the quality of experience in the channels. Means and stan-
dard deviations are reported in Table 5.1. In channel 2, associated with optimal expe-
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rience, participants reported significantly above-average values for the majority of
the variables: concentration (t=15.69, p<0.001), control (t= 3.49, p<0.001), active
(t=11.90, p<0.001), wish to do the activity (t=0.16, p<0.001), goals (t= 4.62,
p<0.001), and happy (t=9.95, p<0.001). By contrast, channel 6 (apathy) was charac-
terized by significantly below-average values of all the variables: concentration
(t=-11.55, p<0.001), control (t=-11.50, p<0.001), active (t=17.12, p<0.001), wish
doing the activity (t=-10.13, p<0.001), goals (t=-3.09, p<0.001), and happy 
(t=-10.04, p<0.001). Channel 4 (relaxation) was associated with significantly below-
average values of concentration (t=-7.52, p<0.001), active (t=-3.64, p<0.001), and
goals (t=-7.03, p<0.001), and significantly above-average values of happy (t=3.68,
p<0.001). In channel 8 (anxiety), participants reported significantly high concentra-
tion (t=6.92, p<0.001) and goals (t=3.80, p<0.001), as well as significantly below-
average values of control (t=-8.14, p<0.001) and happy (t=-3.45, p<0.001).

We then investigated the quality of experience in the four main EFM channels
across the major daily activities previously described (studying, structured leisure,
interactions, watching TV, and maintenance). Table 5.2 provides the data pertaining
to channel 2, in which the perception of above-average challenges and skills is
reported (optimal experience). Studying was associated with significantly high val-
ues of concentration (t=7.12, p<0.001), control (t=9.50, p<0.001), active (t=8.38,
p<0.001), and goals (t=6.37, p<0.001). In structured leisure, adolescents reported
significantly high values of concentration (t=8.34, p<0.001), control (t=5.32,
p<0.001), active (t=6.05 p<0.001), wish to do the activity (t=10.98 p<0.001), goals
(t=2.20 p<0.03), and happy (t=6.02, p<0.001). Participants mostly associated inter-
actions with significantly high values of concentration (t=3.44, p<0.001), control
(t=7.39, p<0.001), active (t=8.10, p<0.001), wish to do the activity (t=8.93,
p<0.001), and happy (t=8.87, p<0.001).

Even if only 29.5% of the participants reported optimal experience while watch-
ing TV, most of the variables scored significantly above average: concentration
(t=4.52, p<0.001), control (t=-0.74, p<0.001), active (t=2.20, p<0.03), wish to do the
activity (t=3.28, p<0.01), and happy (t=4.65, p<0.001). In maintenance activities,
participants reported significantly high values of control (t=6.43, p<0.001), wish to
do the activity (t=10.56, p<0.001) and happy (t=4.33, p<0.001), but a significantly
below average value of goals (t=-2.26, p<0.03)

Table 5.3 shows the quality of experience in channel 4, characterized by the per-
ception of below-average challenges and above-average skills (relaxation). Studying
was mostly associated with significantly below-average values of wish to do the
activity and happy (respectively t=-7.97, p<0.001 and t=-2.65, p<0.009). In struc-
tured leisure, adolescents reported significantly high values of control (t=4.77,
p<0.001), wish to do the activity (t=2.49, p<0.014), and happy (t=2.54, p<0.013)
whereas the variable goals scored significantly below average (t=-10.76, p<0.001).
During interactions, participants reported significantly below-average values of con-
centration (t=-4.18, p<0.001), and goals (t=-4.43, p<0.001). Happy scored signifi-
cantly above average (t=3.17, p<0.002).

While watching TV, participants reported significantly above-average values of
control (t=2.95, p<0.01), wish to do the activity (t=3.77, p<0.001), and happy
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(t=4.08, p<0.004), whereas the variables active and goal scored significantly below
average (respectively t=-4.66, p<0.001, and t=-11.75, p<0.001). In maintenance, par-
ticipants reported significantly high values of control (t=3.36, p<0.001) and wish to
do the activity (t=4.91, p<0.001), but significantly low values of concentration 
(t=-9.47, p<0.001), active (t=-4.12, p<0.001), and goals (t=-3.99, p<0.001).

Table 5.4 presents the quality of experience associated with below-average levels
of challenges and skills (channel 6, apathy). Studying was mostly associated with
significantly high values of goals (t=2.75, p<0.01), whereas participants reported
significantly below average values of concentration (t=-4.28, p<0.001), control
(t=-8.50, p<0.001), active (t=-4.84, p<0.001), and wish to do the activity (t=-17.31
p<0.001). Participants also reported significantly low values of happy (t=-8.21,
p<0.001).

During structured leisure activities, adolescents reported significantly low values
of active (t=-1.58 p<0.05) and goals (t=-4.09, p<0.001). Watching TV was associat-
ed with significantly low values of the variables concentration (t=-4.31, p<0.001),
control (t=-3.54, p<0.001), active (t=7.59, p<0.001), and goals (t=-7.84, p<0.001).
The variable happy also scored significantly below average (t=-2.83, p<0.006).
Finally, during maintenance activities, participants reported significantly low values
of concentration (t=-10.39, p<0.001), control (t=-6.89, p<0.001), active (t=-8.26,
p<0.001), goals (t=-6.62, p<0.001), and happy (t=-5.43, p<0.001).

Table 5.5 describes the quality of experience associated with channel 8 (anxiety),
in which case teenagers reported above-average challenges and below-average skills.
Participants associated studying with significantly high values of concentration
(t=7.91, p<0.001), active (t=2.59, p<0.05), and goals (t=5.93, p<0.001) but with below-
average values of control (t=-6.10, p<0.001), wish to do the activity (t=-5.75, p<0.001),
and happy (t=-4.52, p<0.001). Structured leisure was associated with significantly high
values of concentration (t=3.73, p<0.001) and wish to do the activity (t=4.06,
p<0.001), and with a significantly below-average value of control (t=-2.17, p<0.04).

Interactions were associated with a significantly high value of wish to do the
activity (t=3.38, p<0.01), and a below-average value of control (t=-3.31, p<0.002).
Only 16.8% of the participants reported anxiety while watching TV; the experience
was characterized by a significantly high value of wish to do the activity (t=4.39,
p<0.001) and a low value of goals (t=-2.71, p<0.01). In maintenance activities, par-
ticipants reported a significantly low value of active (t=-2.24, p<0.03). 

5.4
Agency and Daily Experience: A Promising Research Domain

The findings in the previous paragraph describe the quality of experience of a group
of Italian adolescents and the sense of agency in their daily major domains: studying,
structured leisure, interactions, watching TV, and maintenance. In line with previous
studies [85], each activity presented specific experiential features that were rather
stable across groups. 
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Experience fluctuation in the four main EFM channels was investigated, focusing
on some of the key variables identifying the sense of agency through cognitive
dimensions (concentration, control, feeling active) and motivation (wish to do the
activity and long-term goals). For the sake of completeness, the emotional compo-
nent of the experience was also explored, through the variable “happy.” The results
showed that the perception of above-average challenges and skills (optimal experi-
ence) was associated with significantly high values of all variables related to agency.
This was true of the quality of experience in general, and was confirmed in particu-
lar during major daily tasks, such as studying, structured leisure, and interactions.
Watching TV and maintenance, two passive tasks characterized by a structurally low
relevance to individuals’ future goals, were nevertheless associated with significant-
ly high values of most variables.

The opposite trend was detected in channel 6 (apathy). As shown in previous
studies, this experience is characterized by the perception of below-average chal-
lenges and skills. The values of all the agency-related variables were lowest in apa-
thy. By separately analyzing daily activities, however, we noted that different trends
emerged. In particular, in spite of the global disruption of attention and cognitive
efficiency, studying was associated with significantly high values of goals. On the
contrary, this variable scored significantly below average in all the other domains,
even though the quality of experience was not as globally negative as during school
tasks. This can be related to the substantially intellectual features of academic learn-
ing. In activities involving a social dimension, the body, or a manual component
(such as sports, hobbies, and maintenance), the disruption of experience characterized
by apathy is at least partially counterbalanced by automatic routine behaviors. In
these activities, which adolescents deem as less relevant for their future goals than
studying (as suggested by the findings related to optimal experience), the discrepan-
cy between expectations and intentions (assessed in terms of goals) and actual behav-
ior (difficulty in concentrating and controlling the situation, lack of intrinsic motiva-
tion and activation) is not as dramatic as in learning tasks. This could modulate the
negative effects of apathy, but further research is needed to support this hypothesis.

In channel 4 (relaxation), agency was prominently characterized by high values
of control. Nonetheless, participants perceived themselves as less active, concentrat-
ed, and goal-oriented than on average. This pattern was stable across most daily
activities, except in studying, in which the variable goals scored around average. In
channel 8 (anxiety) participants reported significantly high values of concentration
and long-term goals, both on average and with respect to a major daily activity such
as studying. However, the pervasively low levels of control do not allow us to con-
clude that anxiety is characterized by the perception of agency. 

These findings confirm several crucial concepts concerning agency [2]: aware-
ness of action and sense of agency represent different elements of self-awareness and
self-monitoring in action execution. They contribute to causing or generating an
action or a certain thought in the stream of consciousness. However, they do not
always need to be present together. In the complex and positive state of optimal expe-
rience, self-monitoring is absent, yet the sense of agency is strongly present and
plays an important role. On the opposite end, in the case of apathy, individuals lack
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activation, intention and cognitive efficiency, while being aware of both their actions
and their internal state. 

For the variable wish to do the activity, which we can associate with the construct
of intrinsic motivation, it is worth interpreting the obtained values separately. As
reported in the Introduction (Par. 5.1), self-determination theory assumes that
autonomous regulation is a key aspect of being agentic. However, autonomy does not
only stem from the desirability of the activity in the short term (assessed by the vari-
able “I wish to be doing the activity”) but also from long-term intentions (assessed
through the question on goals). The global analysis of experience fluctuation high-
lighted that activity desirability reaches its highest values in optimal experience and
its lowest values in apathy, while in the other conditions it mostly scores on average.
However, substantial differences emerged across activities as concerns goals: regard-
less of the quality of experience, studying was recurrently associated with the per-
ception of above-average goals, while during watching TV and maintenance goals
were never perceived as significantly above average. This finding, already noted in
previous studies [60], raises the issue of long-term relevance of actions and opportu-
nities for engagement in daily life. As suggested by Bandura, an intention is a proac-
tive commitment to bringing about future actions [20]. However, intentions can vary
according to the meaning attributed to them within the individual’s and the collective
value system, a dimension that should not be neglected in studies on agency.

This implication is consistent with the basic features of optimal experience. As
previously stressed, this condition is not synonymous with fun. It is a rather complex
and engaging state [83] whose positive features facilitate the long-term cultivation of
associated activities, the shaping of individual future life goals, and the progressive
unfolding of daily psychological selection [118]. Through this process of selection of
environmental information, individuals preferentially replicate and cultivate subsets
of opportunities for action available in the environment, thus influencing the horizon-
tal and vertical transmission of bio-cultural information. Psychological selection
results from the person’s differential investment of attention and resources into daily
activities [118]; therefore agency plays an important role in this process.  

Humans are characterized by a constant information exchange with the environ-
ment and by the tendency towards self-organization [119]. Their biological structures
are both differentiated and integrated, showing specificity of functions as well as
coordination through reciprocal information exchange. The human mind emerged as
an adapted learning instrument that increased the chances of survival and reproduc-
tion [60, 120-122]. Humans evolved specific psychic processes, such as awareness of
the external world, awareness of one’s own internal state, and higher-order conscious-
ness [122], which is the ability to remember, make plans, and set goals through the
retrieval of information acquired during interaction with the environment. This
endowment promotes complexity and order in the system and enhances its adaptation
to the environment. It also implies that humans never reach a stable homeostatic
state; rather, they show an energetic pattern oriented toward increasing complexity
[123]. They ceaselessly draw energy from the environment to preserve and enhance
the inner differentiation and prevent the disruption of structures and functions. 

In particular, the sense of agency promotes adaptation to the environment in
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terms of action awareness, continuous control of action execution, intention in
action, and pursuit of long-term goals. This becomes especially evident in optimal
experience, which is characterized by high complexity, effectiveness in performance,
and high values of all the agency-related variables.  

Conscious experience is idiosyncratic, because it results from the biological, neu-
rophysiological, cognitive, and emotional-motivational configuration of the individ-
ual. It is also unstable: in the short term, it undergoes ceaseless transformations due
to the moment-by-moment configuration of neural patterns; in the long term, it
changes in relation to the progressive and continuous increase in information and
complexity that characterizes human beings as organisms endowed with autopoiesis
[124]. From this perspective, conscious experience, and the sense of agency as one
of its core components, allows for the integration of neurobiological, psychological,
and cultural information, thus fostering individual adaptation to the environment [64,
125]. A better understanding of these phenomena can help researchers identify fea-
tures and trends at the psychological and cultural levels that can promote both indi-
vidual complexity and cultural development. 
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6.1
Introduction

Agency deals with action, self-consciousness, and causality dimensions as a consti-
tutive and pervasive aspect of human experience. The self is not a static entity but
most of the time is an acting-self. To be an agent means to be in action and to
encounter objects or subjects to interact with. 

As underlined by van den Bos and Jeannerod: “body parts move with respect to
one another and with respect to external objects as the result of intentional actions”
([1], p.178). Thus, the interactions made possible through our body become the first
medium between our mind and the external world.

This chapter, after a few first philosophical remarks on agentivity and intention-
ality, reviews some of the most recent thoughts about joint agency. It first offers a
brief definition of the concept and then goes on to present an ample discussion on
intentionality and its relation to agency. It traces the path from shared collective-
activity theory to joint-action theory. 

Finally, it confronts the problem of agency-social relation, examining the impli-
cations of agency for social behavior and its function in interaction. The analysis
includes several comments on recent research about the intersubjective and evolu-
tionary origins of agency and its social relations.
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6.2
An Introduction to Agency

As discusses in previous chapters, agency is a classical issue in philosophical analy-
sis but it is also of interest to cognitive and clinical neuroscience. Agency has been
variably defined from different perspectives; two examples are emblematic as well
as useful for the specific purposes of this chapter: the first deriving from the cogni-
tive sciences and the second from social-cognitive theorization. Regarding the first,
Gallagher singled out the concepts of sense of agency and sense of ownership in the
notion of minimal self, that is, the consciousness of oneself as an immediate subject
of experience, unextended in time [2]. He defined the sense of agency as the sense
that I am the one who is generating an action, be it physical or mental, and causing
its effects. In other words, in an ordinary situation if you execute an action or engen-
der a thought, you know that you are the person that is acting or thinking and, simul-
taneously, that you intended, implemented, and thus generated that action or
thought. From this point of view, the minimal self, and thus the sense of agency,
plausibly hinges upon neural processes and relies on an ecologically embedded
body, even if an individual need not to be aware of this in order to qualify an expe-
rience as a self-experience. In the second perspective, that of social-cognitive theo-
ry, Bandura emphasized the concept of emergent interactive agency [3]. Here, indi-
viduals are neither isolated autonomous agents nor simply mechanical conveyers of
exogenous influences producing internal events, but interactive agents characterized
by causal power, which contributes to their own motivation and action. In a model
of triadic reciprocal causation, action, personal factors (cognitive, affective, motiva-
tional, etc.), and environmental events operate as interacting and interdependent
determinants. 

The cognitive perspective puts the individual at the center of the concept of
agency, focusing on the link with action, the causal dimension, and personal experi-
ence. The social-cognitive perspective underlines the relation between subject and
environment, highlighting the role of context and the importance of interchange
between people and their specific environment for the development and emergence
of agency. Bandura’s definition is of merit because it focuses on the role of the social
dimension besides that of action. Even if it preceded the conclusions of cognitive sci-
ences, it is more closely in tune with the recent interests of the scientific communi-
ty, i.e., the relation between agency and sociality and the different forms of collec-
tive agency or joint agency.

Having outlined the core concepts of our discussion, presenting two approaches
to the agency question, we now proceed to examine theoretical advances in our
understanding of the domain of collectivity.
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6.3
The Beginning: Intentions and Collective Intentions

Internal models of context, of ourselves, and of our relations play a fundamental role
in arguments on the sense of agency. Integrated internal representations of the outer
world, of individuals as organisms, and of the relations between the two are provid-
ed, according to Newen and Vogeley [4], by self-consciousness and are based on actu-
al experiences, perceptions, and memories. These supply reflected and adapted
responses to the needs of our environment, in recognition of our bonds to it, and thus
allow us to orient ourselves in the world. Both exogenous and endogenous informa-
tion is elaborated during agency-related processes, with goals, intentions, efferent
motor commands, reafferent sensory signals, and afferent contextual information all
contributing both to our ability to act and to our sense of agency. The body tends to
become integrated with intentional action, shaping an embodied self-conscious expe-
rience of action not marked by the potential unconsciousness of sensory events:
“[o]riginally, my body is experienced, not as an object, but as a field of activity and
affectivity, as a potentiality of mobility and volition, as an “I do” and “I can” [5]. The
body image merges with the intentional structure to generate a unified agent capable
of perceiving and influencing the individual and his or her environment, thus form-
ing a complex element comprising object as well as subject and primarily involved in
the construction of actions as well as interactions.

Intentionality, even if it does not by itself generate or account for agency and
related processes, has been historically associated with them. The first philosophical
remarks exploring the construct of agency had their roots in theorizations about indi-
vidual intentions, due to the latter’s strong link with action. Similarly, recent devel-
opments towards interactive perspectives of agency originated in theorizations on
collective or shared intentionality.

6.3.1

From I to We

Agency is the experience of being the source and the cause of our actions—we
intend, we perceive, we evaluate the context, and we act, monitoring the effect of our
actions: but what about our interactions with others? When our activity becomes
complex and involves more coordinated agents, how do we achieve our shared goals?
What happens at the level of intentions and agency experience?

After having theorized the concepts of prior intention and intention-in-action,
Searle focused on multi-agent behavior and collective intention, expressed in the
form “we intend to do j” or “we are doing j” [6]. He noted that, when two or more
agents act together carrying out collective intentional behavior, the simple sum of “I
intend” and “I act” cannot account for “we intend” and “we act” phenomena, and that
both of the “I” sentences are rather primitive. Collective intentions and behavior are,
instead, specific and original in their nature. Moreover, Searle underlined that it is
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not possible to find any bodily movements that are movements of the various inter-
agents, concluding that what makes multi-agent behavior special must be a feature of
a mental component, i.e., intentionality. Reductionist perspectives in the discussion
about collective intentions–reducing them to many pooled individual intentions plus
beliefs and mutual beliefs about the intentions of other members of a group–were
criticized by Searle because they do not necessarily take into account the presence of
cooperation, considered as a basic notion that is implied by genuine collective inten-
tionality.

Thus, primitive I-intentions may be flanked by primitive we-intentions. This,
however, raises several questions about the structure of we-intentions and their rela-
tion to agency. The structure of we-intentions, according to Searle [6], is composed
only of a single, complex intention-in-action, such as the I-intention, except that it is
not of the classic type but rather an achieve-collective-B-by-means-of-singular-A
type of intention-in-action. An example may better explain this concept. Imagine that
Marc and George are cooperating in order to create a house of cards, Marc placing
the “walls” and George placing the “ceilings.” In this case, they have a we-intention
whose content is that placing the “walls” (from Marc’s point of view) or placing the
“ceilings” (from George’s point of view) causes the achievement of the creation of
the house of cards (the collective B): the shared goal is achieved by means of each
related and coordinated single action.

Searle proposed that a prerequisite of the ability to manage collective intentions
and engage in collective activity is the ability to recognize the other as similar to us
and as an actual or potential agent in cooperative activities, a pre-intentional ability
in which benefit is achieved by acting together but does not originate from it.
Collective intentionality therefore presupposes a type of communal awareness com-
prising reciprocal recognition of the other as an actual or potential collective agent;
a kind of stance and not merely a belief. As Searle put it, “just as my stance toward
others is that of their being conscious agents, without my needing or having a special
belief that they are conscious” [6].Collective intentions such as “we intend that we
perform j,” exist in the mind of each individual agent acting in a group, i.e., involved
in an interaction, even if what is primarily being referred to is a collective entity
instead of an individual one and even if at that moment the co-agents are not present.

6.3.2

We in Action

Focusing specifically on the acting domain, Bratman addressed the problem of
shared cooperative activities, identifying their features, the role of shared mental
states, and the contribution of those states to action [8]. Bratman stated that cooper-
ation involves and originates from intentional agents who recognize and treat others
as such, respecting their intentional agency, i.e., their capability to cause or generate
an action. He also underlined that cooperation implies that each agent has to accept
that, in part, he or she acts because of the intention of others to act and their related
subplans. These conditions favor a person’s participation as an intentional agent [7].
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Bratman pointed out three features characteristic of cooperative activity: mutual
responsiveness, commitment to the joint activity, and commitment to mutual support.
The first accounts for the attempts of each involved agent to be responsive to the
intentions and actions of others, knowing that the others are attempting to do the
same. The second means that each participant, even if for different reasons, has an
appropriate commitment to joint activity, pursued through mutual responsiveness.
The third relates to the commitment to support the others’ efforts to play their roles
in the joint activity, in order to successfully achieve the desired goal.

In shared cooperative activities, each agent intends that the group performs the
joint activity in accordance with specific intentions and subplans that mesh; conse-
quently, giving rise to a complex web of intentions. Bratman, however, strongly
underlined the role of action and mutual responsiveness in action. It is exactly the
joint nature of the activity that identifies an action as a cooperative one and allows
the participating agents to feel as such, to experience actual interaction, and perhaps
to develop an individual, or even joint, sense of agency.

6.4
Doing Things Together: Joint Action and the Sense of Agency

A discussion of our causality-in-action and our agentive stance raises notions such as
intersubjectivity, in this case emphasizing its link to actual behavior and taking into
account complex and collective activities. In the scientific community, increasing
attention is being devoted to the inter-action issue, especially in the social neuro-
science domain. This field aims at exploring the biological basis of social perception
and cognition, how social behavior and context can influence short-term and long-
term brain functioning, and how brain function fosters and creates social behavior
and actively processes social context.

The integration of theories, hypotheses, and methods borrowed from the neuro-
sciences and the behavioral and social sciences provides the foundation for experi-
mental testing and increases the comprehensiveness, relevance, and impact of its evi-
dence and of the resulting conclusions. This, in turn, allows inferences to be drawn
regarding the neural correlates of social functions and the nature of active informa-
tion processing. Interaction can be explored in many different ways and from differ-
ent points of view—the goal being to deepen our knowledge of its implications and
of the elements that make interaction, fundamental to our development and daily life,
possible [8] .

Social neuroscience, in particular, is aimed at better comprehending the function-
al and biological mechanisms that support people’s ability to interact with others [9].
Besides the ability to infer people’s intentions, emotions, and attitudes based on their
behavior in performing particular actions, this experience activates in the individual
specific representations he or she then uses to perform the observed action in his or
her own action system. Different authors have hypothesized a more immediate
approach to social understanding and social interaction, based on this close link
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between perception and action [10, 11]. Meltzoff and Moore [12] suggested the exis-
tence of an innate perception-production coupling mechanism in human beings, in
which intending, simulating, observing, and performing an action have functional
equivalence based on the activation of shared representation [13]. Indeed, recent
empirical evidence has shown an overlap among brain regions functionally related to
those different processes [14]. Moreover, action representations plausibly have a con-
siderable value in enabling interpretation of those actions as well as the intentions of
social interlocutors [15, 16].

In psycho-social theorizations, the joint-action construct involves a shift of atten-
tion away from a stimulus-receiving monad to an enlightened, open, pro-active indi-
vidual, an interactive dyad. Joint actions are described as “social interactions where-
in two or more individuals coordinate their actions in space and time to bring about
a change in the environment” ([9], p. 100). They imply the sharing of action repre-
sentations and the integrative coordination of participants’ actions to achieve com-
mon goals [17, 18]. This, in turn, makes use of several sub-functions and mecha-
nisms, in particular:
(a) joint attention, which creates a perceptual common ground in which perceptual

input is shared and attention is focused on the same event;
(b) action understanding [19] and prediction [20], carried out by the activation of

motor representations related to the observed actions in the observer’s system
[14, 21, 22] and making use of the direct link between perception and execution;

(c) creation of a task-sharing representation, which enable us to predict the actions
of others based on contextual events, even without action observation [23];

(d) with the other participants, spatial and temporal action coordination in action
planning to implement anticipatory action control;

(e) control of agency uncertainty, distinguishing the effects of one’s own actions and
those of others [24, 25].

According to Pacherie and Dokic [17], it is possible to distinguish between two
forms of joint action, a thin form and a thick form, depending on the depth, aware-
ness, and comprehension of the interaction. The thin form is defined as a superficial
modality common to animals and humans; it implies cooperation without representa-
tion because it is not necessary that subject A represents his/her action as coopera-
tive, nor the intentions of others (of B, C, ....), nor the relation between these and
his/her own intentions. Thus, the thin form of joint action needs what Pacherie and
Dokic define as visual and motor understanding skills, that is, the ability to feel and
recognize a biological movement as such, to perceive a goal-directed act, and to
acknowledge an action plan as not merely an ensemble of movements. A wolf-pack
hunt and assembly-line work are two examples of this simpler form of joint action.

The thick form of joint interaction is species-specific, observable only in human
groups, and requires that participants integrate the intentions system of others into
his/her own, thereby reaching a complete level of cooperation, i.e., an intentional and
actual cooperation that places the others in the role of active agents. This evolved
form requires, besides visual and motor understanding, agentive and meta-represen-
tational understanding. In the latter, a pro-active role is attributed to the inter-agent,
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in recognition of the complex relationship between an agent with a goal, the instru-
mental means used, and the effects produced. This form of understanding is obtained
by moving from intentionality-in-the-world to agent-intentionality, from goals as
relational structures in the world to goals as intentional relations between the agent
and the world [17]. Accordingly, the thick form of joint action, similar to Bratman’s
shared cooperative activity [7], could be considered as a more elaborate definition of
the folk construct of social interaction. A worthy example of this form could be bal-
let, as proposed by Searle [6].

Based on its strong link with perception and action, its representational imple-
mentation, sensitivity to the actions of others, and integrative nature, the mirror neu-
ron system (MNS) has been suggested to play a role in joint-action tasks [13, 18, 26].
However, as Pacherie and Dokic [17] also pointed out, social interactive behavior
entails a complex representational multilevel structure, whose processing cannot be
carried out solely by the MNS although it surely has a role in processes related to
joint action. As noted, it may be that the MNS manages joint-action control, imple-
menting adaptive correction mechanisms as a function of common goals and the pre-
dicted effects of others’ actions, in addition to control of one’s own actions. In this
scenario, the MNS would foster an understanding of the actions of others. But the
subject-centered nature of mirror neurons, their agent-neutrality (parameters relative
to the agent are not, in fact, explicitly processed), and their elaboration of motor acts
and related effects rather than intentions are such that even if they enable efficient
and effective management of joint-action execution and sequence representation,
they are unable to handle the joint-action process as a whole, especially with respect
to coping with and integrating intentions.

Recent empirical studies have investigated the neuropsychological correlates of
interaction but have reached partially contrasting conclusions: the MNS seems to be
involved in joint-action tasks and is thus essential. Nevertheless, there is some evi-
dence showing the involvement of other, neighboring cortical areas; thus, it is not
clear whether the MNS alone is sufficient in the process of interaction [27-29].

6.5
Over the Self-other Differentiation: Circular Interactions and Joint Agency

As well pointed out by Semin and Cacioppo [30], social interactions, and social-cog-
nition function, are complex in fieri phenomena and therefore are not limited to
reception, reproduction, or representation. Two agents in an interaction are not two
separate elements; rather, they influence each other, modulate one another’s behav-
ior, and engage in active co-regulation.

The actions of others are stimuli with effects on our own system. The relevance
of the observed action either for the individual or as a shared goal modulates the
action’s effects. If the action is not relevant, it nonetheless activates synchronization
processes that enable continuous monitoring and an adaptive response to the chang-
ing social environment (made up of objects and subjects). In addition, the observed
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but non-relevant action allows an automatic synchronization with the other, leading
to a partial correspondence that facilitates understanding (co-cogitation) and adap-
tive co-action (co-regulation). If the action is relevant, it activates a goal-mediated
synchronization consisting of automatic and controlled processes that promote selec-
tive responses to significant features of its dynamic context and which foster com-
plementary actions. Automatic and controlled processes both are modulated by
inhibitory and excitatory influences deriving from the context, and they jointly shape
the mental representations of the stimuli that will subsequently be translated into
motor reactions. This reaction provides information to the other agent, thereby gen-
erating an iterative process, a continuous closing and re-opening of an ever-changing
circle.

Each of the agents attributes to himself/herself and to the other the status of
agent, and does so by enacting self-monitoring processes. But the experience of act-
ing together in a joint activity, as also suggested by Seemann [31], is an experience
of we acting, of us as a common cause, enjoying a sense of acting together. As also
noted by Searle and Bratman (see Par. 6.2.1. and 6.2.2), this sensation of properly
interacting, i.e., of being agents together and sharing agency, cannot result merely
from the sum of our sense of agency, of the agentive stance we attribute to others and
perhaps of the awareness of a shared goal. This summative account is implausible and
has little explicative power. Moreover, it cannot account for the sense of joint control
that characterizes joint actions: in doing them, we feel that we are able to exert imme-
diate control not only over our action but also over those of others. Effectively, we
can influence the behavior of others even if this control is neither absolute nor com-
plete. Likewise, joint control cannot be explained simply by summing up the amount
of control we are able to exercise over others and vice versa.

Taking into account the sharing of agency and joint control, when we interact
with someone else we have to understand that person, recognizing him/her as active
and as an agent able to act in several ways, including those that escape the joint con-
trol shaping the experience of joint agency. Joint agency is therefore a complex and
dynamic phenomenon, since it is more than the sum of the contributing individual
agencies. Seemann [31] proposed the existence of a normative element to joint
agency: “I expect that my co-agent will execute his/her part in our joint activity with
continuity and competence or skill.” This element does not derive from the sophisti-
cated processing of thought and a prerequisite for joint activities. Instead, it consists
of a primitive sharing of feelings and of other embodied intentional attitudes [31],
similar to Searle’s collective awareness but more evolved and more complex. This
was defined by the author as basic trust, which creates and justifies the joint-agency
experience. It is a non-cognitive phenomenon that can be described as an awareness
of the potential for acting together efficiently. 

It might be plausible, however, to pinpoint a second level of joint agency, thus
drawing a parallel with the two-step account for agency proposed by Synofzik,
Vosgerau, and Newen [32]. In line with the cognitive higher functions and proposi-
tional thinking distinctive of human beings, the embodied feelings referred to by
Seemann could be involved in further processing, as they deal with the creation of an
explicit judgment of joint agency. Imagine that you are playing tug-of-war with a
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friend against two other people, and after a while the other two fall and you and your
friend win. At some point, the question will rise: are you the cause of the others’
falling? Or does the cause have to be searched for in the context of the game, i.e.,
they simply slipped? Or is it possible to attribute the cause to them, i.e., they decid-
ed to stop playing and then, due to their diminished efforts, fell down? Thus, you
could ask: Who caused that event? Assuming that the other team did not abandon the
fight, was I the cause? Or was it my partner? Or was it our team?

Scenarios such as these focus our attention on an interesting but as yet unex-
plored issues of joint agency. By bringing real, everyday actions into the realm of
research and the theorization of agency, we might enhance our understanding of joint
action and thus of the role of agent.

6.5.1

The Intersubjective Origins of Joint Agency: A Developmental Perspective

We now return to the concepts of basic trust and joint agency. According to Chisholm
[33], the embodied action experience may be seen as a necessary condition to devel-
op and engage in common-cause thinking, i.e., the ability to think of ourselves as the
common cause of many events and as having causal power in the environment.
Seemann [31] postulated that the common-cause experience leads to an understand-
ing of ourselves as agents, because it is me and in particular my actions that shape
the context.

The experiences of acting and, more interestingly, joint-acting form the basis of
agency and of joint agency, respectively, and begin in infancy. Accordingly, it could
be useful to draw a parallel between the development of intersubjective perspective
and the agentive stance. As Seemann observed [31], infants’ capability to act jointly
may be a consequence of their developmental, primary ability to commit themselves
to episodes of mutual attention with a caregiver. After becoming able to manage this
dyadic interaction, the infant develops the ability to jointly attend to third objects
with others, thus becoming attuned to the inter-agent properties of his/her body and
mind and the ability to share attention. This joint-attention ability then allows the
development of and engagement in joint actions. Similar to our capacity for intersub-
jectivity, our skill to share feelings in episodes of mutual attention is the starting
point for the development of the ability to attune to the embodied psychologies of
others and to share mental states or attribute them to others.

In this perspective, the awareness of self as both an individual and an agent
emerges from the experience that our own feelings can lead quite regularly to
changes in social context and vice versa. Thus, the awareness of self and of the other
as distinct identities in an interaction derives from the intersubjective stance, an
embodied perspective in which sharing is not necessarily simple and does not mean
mutual access to the mental lives of others (for a discussion of these concepts, see
Par. 6.6). We can therefore hypothesize that direct sharing might extend to the dimen-
sion of action-related intentions, giving rise to a complete sense of joint agency and
control during joint actions.
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Sebanz [34] suggested an integrative view, hypothesizing that the sense of agency
developed because basic kinds of social interaction rely on the capability to distin-
guish the action effects caused by oneself from those caused by others. Early in their
development, human beings begin to enact basic forms of social interaction that do
not depend on symbolic communication or high-level metacognitive functions.
Through experiencing joint action, an individual develops a sense of self in action,
supported by the adaptivity principle. In the course of evolution, the ability to distin-
guish between one’s own capabilities and those of others conferred important evolu-
tionary advantages. In this scenario, the first interactions would have been inciden-
tal, but as the individual registered that in the joint condition some effects can be
achieved more easily than when attempted alone, the first distinction, acting alone vs
not acting alone, was made. Then, based on this primitive sense of self, complemen-
tary action became available: by observing others, humans might have realized that
others have similar action capabilities. But how can the individual make others do
what he/she wants? This question would have brought about the understanding that
action requires that others see what the individual sees, and thus the skills of draw-
ing attention and developing joint attention. Finally, individuals would have noticed
that the others are similar to themselves not only with respect to action and percep-
tion, but also in terms of desires and goals, leading to implementation of intentional
imitation. Thus, humans memorized contingencies, developing a more stable sense of
self and of the self as an acting entity with causal power among other, similarly act-
ing entities.

6.6
Inter-acting Selves, Social Agency, and Neural Correlates

Although the sense of agency represents a useful concept within the social psychol-
ogy and social neuroscience framework, its individual nature has limited investiga-
tions to those focused mainly on a personal, monadic level. However, it must be kept
in mind that, according to Gallagher and Zahavi [5], while we are conscious of being
the author of our actions, this awareness often occurs at the point when my actions
are reflected by the presence of others: I become aware of myself through the eyes of
other people. The more basic and direct contribution of agency to psychosocial the-
orization is inherent to the self-other differentiation. The capability to distinguish
myself from the other is the first step in the evolution of social and interactive skills.
Only if I recognize the other as such can I actually act upon him/her or with him/her
and even ascribe to him/her specific attributes, such as mental states (e.g., intentions,
desires, beliefs).

Many studies have investigated the mechanism underlying the attribution of
agency, and neuroscience and brain imaging have identified its neural correlates.
Thus, in the following paragraph, we discuss the neural structures pinpointed by
empirical studies on agency and the possible anatomical-functional correlates of the
self-other distinction in action and interaction.
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6.6.1

The Original Distinction of Our-selves and Other-selves

Coherence between an internal sensory signal (i.e., somatosensory and propriocep-
tive), distal perceptual signals (i.e., visual and auditory), prior and situated inten-
tions, and motor commands fosters and gives rise to a sense of agency. All these ele-
ments must be included in structuring a computational model of motor control, such
as the comparator model proposed by Wolpert [35] (see also Chapter 1). In that
model, the distinction between self-generated and externally generated actions is
computed by the second comparator, coupling the predicted sensory state to the actu-
al one. It is thus assumed that the sense of agency is associated with predicted-actu-
al discrepancies evaluation.

Empirical brain imaging evidence acquired with functional magnetic resonance
imaging (fMRI) and positron emission tomography (PET) suggested that the posteri-
or parietal cortex, especially the inferior region, is involved in the monitoring of con-
cordance between self-produced action and its visual consequences, detecting visuo-
motor incongruencies [36-39]. Also, the cerebellum may play a role in the signaling
of discrepancies in predicted-actual effects. Based on real and virtual patient data
from lesion studies and studies employing transcranial magnetic stimulation (TMS),
respectively, it has been argued that the right inferior parietal cortex, and especially
the temporo-parietal junction, plays a fundamental role in the attribution of move-
ment agency and action awareness [40-43].

In a classical study, Spence and colleagues [44] used PET to identify the brain
regions associated with experience of delusion of control; that is, an experience in which
the patient feels that the actions (simple or complex), thoughts, or emotions he/she
enacts, thinks, or undergoes are imposed by an exogenous force or controlled by some
external agent rather than by self will [45] (see awareness [40-43] and Chapter 10).
Similarly, interesting and useful conclusions were drawn from a study of schizophrenic
patients. In the neurocognitive theory of schizophrenic delusional manifestations [46],
passivity experiences are associated with abnormalities in predicting the sensory effects
of an action, causing dysfunction of the prediction-actual state comparator module. 

Spence scanned the brains of schizophrenic patients with and without delusional
symptoms during the execution of a response selection task. The presence of delu-
sions of control was associated with overactivity in the right inferior parietal cortex,
interpreted as reflecting a heightened response to the sensory consequences of self-
generated movements. The authors suggested that this heightened response may be
related to a failure in modulating sensory areas based on effects prediction. Thus,
both the inferior posterior parietal cortex and the cerebellum seem to be plausible
neural correlates of the comparator mechanism involved in agency attribution [47].

Further interesting observations regarding the impairment associated with schiz-
ophrenia, were made by Frith, Blakemore, and Wolpert [48]. These authors suggest-
ed that the delusional patient, who lacks fundamental problems with action control,
may not present abnormalities in the overactive parietal cortex but rather in the sys-
tem that normally modulates activity in that site. The anterior cingulate cortex,
involved in attention to future actions, may contribute to modulating the processes

6 Agency and Inter-agency, Action and Joint Action:Theoretical and Neuropsychological Evidence 117



that underlie awareness of a system’s predicted state. Connective streams, bringing
information from one cerebral area to one or more other such areas, and thus con-
tributing to cerebral activity coordination, are primarily involved in this type of mod-
ulating function. Dysfunctions related to cortico-cortical connections have been
shown in patients with schizophrenia [49]. Studies using diffusion tensor imaging, a
technique offering the opportunity to specifically explore interconnecting streams,
could, in conjunction with fMRI findings, provide evidence for a role of neuronal
connections in attribution processes and for white matter functionality.

6.6.2

Self-other Differentiation, Agency and Sociality: Hypotheses 

and Neuropsychological Evidence

Social situations imply at least the presence of two individuals, i.e., two potential
agents, such that social attributes derive from the presence of the other, who is both
a spectator and likewise an agent. Apart from attributing action to ourselves, we also
attribute actions to others and this is a result of self-other differentiation. Evidence
of a cognitive and neural overlap between self and other action representations led to
the who system hypothesis. Georgieff and Jeannerod [50] suggested that distinguish-
ing between one’s own actions and someone else’s actions is associated with the acti-
vation of non-overlapping brain areas. The prefrontal and parietal cortex, supplemen-
tary motor area, and cerebellum seem to be deeply involved in action attribution
processes [14, 51], with the activity of the anterior insula and the right inferior region
of the parietal lobe then modulated by the processing of performance-feedback dis-
crepancies [25, 37, 38]. In this model, self-attribution of action is associated with
greater activation of the anterior insula, while the attribution of agency to others acti-
vates the inferior right parietal cortex, and self-monitoring mechanisms related to
error detection and feedback evaluation are associated with activation of rostral and
caudal regions of the cingulate cortex.

As already stated, the possibility and capability to distinguish between self and
other in agency attribution are essential requirements for acting in the world and with
the external world. Notwithstanding the mainly active or passive role of an agent,
during an interaction we need to be able to perceive our body, our acting space, and
our causal power. Moreover, we have to perceive the other as an active system able
to modify the context of interaction and to take part in an actual joint interaction (as
stated in Par. 6.5).

In order to achieve a common goal, such as creating a house of cards, we can imi-
tate the actions of others or coordinate our actions with theirs. Cooperation implies the
integration of each subject’s intentional plan, besides the sensorimotor one. Empirical
evidence has given rise to a hypothesis regarding the existence of a circuit of cortical
areas (other than the putative MNS) that is involved and activated during complemen-
tary joint action. A superadditivity criterion has been suggested, similar to that of
Georgieff and Jeannerod and based on overlapping cerebral activation patterns [27].

In light of empirical data, Kokal, Gazzola, and Keysers [27] proposed a dual
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process model for joint-action management, therefore including agency attribution.
The models states that observed actions are firstly transformed into representations
of similar actions in the observer through a combination of the forward and inverse
models we develop while observing the consequences of our own actions and those
of others and while preparing to act. These series of operations are associated with a
set of brain areas, including the putative MNS, which ensures that the two essential
components that need integration during joint actions, our own actions and those of
others, are in the same neural code. This code can be predominantly motor or senso-
ry or a hybrid and is located in different regions of the brain (premotor cortex, supe-
rior temporal sulcus, or parietal cortex). Those commonly coded representations and
prepared behavioral alternatives are finally processed by a second set of areas adja-
cent to MNS regions and showing additional activity during integration in joint
actions. The results of processing are self-other action differentiation (and thus
recognition of self and other as agents), but also flexible integration of our own
intentions and actions with those of others, as well as the selection of the most ade-
quate action, amongst the alternatives primed in the premotor cortex, to achieve our
chosen joint goal.

6.7 
Conclusions

We have addressed agency question in the framework of its individual and social
aspects, outlining a path from initial remarks on mental elements in collective action
to an explicit discussion about interpersonal domain and the possible origins of
agency and joint-agency. Agency, as we have seen, is a complex phenomenon that
includes intention, goals, and desires but also somatosensory signals and body
schema. The computational comparator model contains all the low-level and high-
level elements that describe agency and it foresees their integration in order to pro-
mote action awareness and action control. The integration of these different levels is
necessary also for engendering a complete agency experience.

As we have seen, agency-related processes strictly interweave with sociality and
constitute a bridge between two of its basic functions (studied in two related research
fields in social neuroscience): social perception and social cognition. The former
deals with the initial stages in the processing of information that culminate in the
accurate analysis of the dispositions and intentions of other individuals [52]; it is
based, firstly, on a pre-conceptual attribution of an agentive stance. The latter
involves the ability to construct representations of the relations between oneself and
others and to use those representations flexibly to guide social behavior [53]; it is
related to self-other differentiation and to the management of this differentiation in
order to achieve efficient joint action.

The link between action and self-other agency is an important element in the def-
inition and management of social interaction. Only if I feel that I am an agent can I
activate self-monitoring, develop an intentional plan, or define a joint strategy; only
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if I recognize the other as another agent can I can actually interact with him/her.
The concept of agency is certainly deeply rooted in the individual dimension.

However, besides the “classical” social aspects of agency, for example attributional
function, it may be possible to broaden the analysis so that it includes complex eco-
logical contexts, by exploring the features of the sense of agency within distributed
collective actions and joint actions, both imitative and co-operative ones.
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Section III

Clinical Aspects Associated with 
Disruption of the Sense of Agency





7.1

Introduction

Different planes of disruption may result in a loss or breakdown of the sense of
agency. They may pertain to the different levels of perceptual, attentional, and psy-
chiatric disorders, and generally they have in common a loss of the sense of control
and a disruption of binding between intentions and actions. In some cases, they imply
a deficit in the sense of ownership, which may be subdivided into ownership for
body-actions and for thought-action. In other cases, what is lost is the sense of
agency itself, similarly divided into agency for action and agency for thoughts. 

This chapter discusses disruption of the sense of agency, taking into account
these different levels of analysis. Specifically, we consider perceptual deficits, such
as blindsight and arm illusions, which are related to agency misidentification, as well
as attentive deficits, which are related, by contrast, to disruption in attention alloca-
tion; for example, as in neglect syndrome. Finally, the psychiatric disturbances schiz-
ophrenia, autism spectrum disorder, ands obsessive-compulsive disturbs are consid-
ered as examples of psychological impairments in the perception of agency.

7.2

Disruption of Agency in the Perceptual Field and in Proprioception

Specific perceptual deficits are related to the representation of self within a given
context and to the representation of one’s own body. The first type of deficit is a lim-
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itation in self-recognition, such as in anosognosia and somatophrenia. These refer to
a condition in which an individual who has sustained a brain injury resulting in paral-
ysis is unaware of the weakness or loss of function in the paralyzed body part. The
second is due to perceptual mis-identification of parts of the body. Both types of per-
ceptual deficits are analyzed in the following.  

7.2.1

Agency and Body: Predictivity Function of the Body for Self-representation

Body perception and body consciousness offer a rich descriptive basis for the char-
acterization of embodiment, which, in turn, provides a starting point for theories of
the self and of agency [1]. Throughout this volume, we have underlined that one of
the main contributions to the sense of agency is derived from body representation.
Bodily self-knowledge may be based on visual information or on proprioceptive
information. Visual information includes a prior visual identification: since I can see
my own body as well as the bodies of other people, I need to distinguish between
mine and theirs. Proprioceptive information is identification-free and directly relies
on my proprioceptive system: as I cannot receive any proprioceptive information
about someone else’s body, I am assured that the source of information is my own
body. Consequently, proprioceptive self-ascription does not depend on the identifica-
tion of the body as one’s own, unlike the visual self-ascription of bodily properties.

Identification implies the possibility of mis-identification whereas representa-
tions that are identification-free are considered immune to this type of error. When I
recognize the action of grasping a glass as my own, the sense of agency involves the
notion of a minimal self [2] (see Chapter 3), which is instantaneous and which car-
ries only one bit of information about myself, e.g., that I am grasping a glass. The
knowledge that I am the person I see in the mirror, however, depends on recognition-
al criteria that allow me to re-identify myself through time. The “recognitional self ”
has a richer content and may even constitute personal identity. 

Another matter of interest is the extent of the effective contribution of the body
to the sense of agency. To address this issue, we need to introduce a clear distinction
between body ownership and agency (see also Chapter 10). Whereas agency is the
sense of intending and executing actions (including the feeling of controlling one’s
own body movements) and events in the external environment, body ownership refers
to the sense that one’s own body is the source of sensations. The sense of body own-
ership is present not only during voluntary actions, but also during passive experi-
ence; however, only voluntary actions produce a sense of agency. Thus, body aware-
ness refers to proprioceptive awareness and, by extension, to the conscious experi-
ence of the location of a specific body-part in space [3]. 
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7.2.2 

Perceptual Illusions of Body

To explain the difference between body ownership and agency, we can experimental-
ly manipulate body awareness during active movements and passive stimulation. The
rubber hand illusion consists of watching a rubber hand being stroked synchronous-
ly with one’s own unseen hand, which causes the subject to attribute the rubber hand
to his or her own body, as if it is a proper (and the subject’s) hand. Correlated visual
and tactile information induces a changed awareness of one’s own body, resulting, for
instance, in the incorporation of the rubber hand into the body. The degree of incor-
poration can be measured quantitatively via the drift in proprioceptively perceived
position. 

One form of impairment in intentional action can be found in patients with anar-
chic hand syndrome [4]. These patients make hand movements that are not under
their volitional control. However, the anarchic hand behaviors are accepted by the
patient as being their own, even though not under the control of intention. This
deficit may be due to a perceived mismatch between the inappropriate action and the
goal of the patient. Patients find one of their hands performing complex, apparently
goal-directed movements they are unable to suppress. Sometimes the anarchic hand
interferes unhelpfully with intentional actions performed with the use of the other
hand. Sometimes it performs movements apparently unrelated to any of the agent’s
intentions. In most of these cases, the patient goes on to claim that he feels as if the
actions performed by the anarchic hand are not his, and that this hand is doing some-
thing that was not intended or wanted, and that cannot be controlled. The most imme-
diate question that might come to mind about the anarchic hand’s movement is
whether it is even an action. The answer should be negative, since the patient is nei-
ther in control of nor at all responsible for the movement. Nevertheless, anarchic
hand movements are also not pure reflexes; they are clearly devoted to a particular
goal, and, relative to the goal, well-executed. What appears to be disrupted in this
case is the causal explanation of actions, the mechanism of control, and the source of
our knowledge of actions. Thus, anarchic hand patients have a sort of control and of
awareness of the hand’s action, but something is lacking with regard to the two
processes.

A second type of disruption in the intentionality of acting is alien hand behavior,
in which patients fail to report ownership of the wayward limb and may not know
when an appropriate action has been made. This form of behavior might correspond
to the disruption of attributional processing, and in pathological conditions it is an
exaggerated form of what is observed in normal people.

Neuropsychological evidence suggests that in the case of the anarchic hand there
is damage within one hemisphere to the neural region involved in the internal con-
trol of action (supplementary motor area) as well as lesions of the corpus callosum
that disrupt communication from the unaffected hemisphere. Thus, hand actions
made by the damaged hemisphere are driven by environmental factors rather than the
patient’s intention. Many studies found similar results in terms of the specific
deficits related to this disturbance, in particular, that patients’ responses were modu-

7 Disruption of the Sense of Agency: From Perception to Self-knowledge 127



lated by the task and by the familiarity of the objects as well as by the familiarity of
their orientation [5]. 

Specific deficits related to delusions of control corroborate the suggested roles
of some brain areas (parietal cortex and cerebellum) in anticipating future states of
the body and distinguishing between self and other. In patients with delusions of con-
trol, active movements are processed in the brain as passive movements, and many of
these patients report feelings of alien control while performing the willed-action
task, demonstrating a correspondence between brain activation patterns and the phe-
nomenology of passivity experiences. 

7.2.3

Blindsight and Numbsense

A consistent amount of research has stressed the presence of a dissociation between
conscious and non-conscious body representations. Anosognosic patients exhibit
some form of unconscious knowledge about their bodily deficit. The most famous
example of this type of dissociation is blindsight. The term itself illustrates the par-
adoxical nature of this phenomenon, described as cortical blindness. Patients with a
lesion of the primary visual system do not perceive visual stimuli presented within
the area of the visual field affected by the lesion. However, they remain able to move
their eyes or hands toward a stimulus when accurately instructed [6]. The initial inter-
pretation of blindsight was based on the sub-cortical vs cortical visual system, but
successive theoretical contributions suggested that the condition involves the corti-
cal visual pathway [2].

Numbsense, the somatosensory equivalent of blindsight, demonstrates that it is
possible to isolate unconscious body representations that are highly specific to
action. The case of a patient incapable of any somatosensory sensations from the
forearm but able to point to the locus of stimulation applied to her unfelt forearm
provides evidence of a clear dissociation between “where” and “what,” a condition
referred to as blindtouch [7]. One famous case involved a patient whose propriocep-
tive deficit was due to a left parietal thalamo-subcortical lesion [8]. He was unaware
of any kind of somatosensory stimuli applied to his arm and leg and failed to demon-
strate any significant performance in a verbal forced-choice paradigm. Nevertheless,
he performed significantly well in tests requiring pointing to the tactile stimulus
location on the numb arm.

An important issue in both blindsight and numbsense is whether the presence of
residual sensory-motor abilities could be used as the basis for reverberating sensory
information to the perceptual systems. It was shown that, when patients performed
simultaneous motor and perceptual responses, they lost their residual motor abilities
and their perceptual performance did not improve. This result suggests that the cog-
nitive representation of the stimulus, once activated, systematically replaced the
residual sensorimotor representation of the same stimulus. Thus, in both cases, the
cognitive representations were hierarchically higher than the sensorimotor ones [9]. 
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7.2.4

A Tentative Conclusion Regarding Perceptual Level Impairment 

Behavioral and neuroimaging data support the hypothesis that impairment on the per-
ceptual and attentive levels results from the integration of different signals.
Specifically, the body schema, as a significant example of body representation, aris-
es from the integration of different signals. In body representation processes it is pos-
sible to identify a progressive, hierarchical level of analysis, ranging from an elemen-
tary operation, such as somatosensory processing, to a more complex computation,
such as the construction of the feeling of ownership of body parts. Nevertheless, the
boundaries between these processes are unfocused. For example, the possibility of
modulating apparently elementary deficits, such as tactile imperceptions, through
physiological stimulations that allow transient conscious perception of the tactile
stimuli suggests that even low-level deficits involve a higher component.

7.3
Attentive Deficits and the Sense of Agency

Attention may be impaired in the case of anomalous subjective representation of
internal or external cues, which results in a common absence of response to back-
ground cues. In the following, we focus on two main forms of attentive deficit: visu-
al neglect and somatosensory neglect. 

7.3.1

Visual Neglect Syndrome

A specific syndrome was observed that revealed a systematic perceptual inability to
process stimuli localized within the contralesional space (generally the left side, with
right-hemisphere lesions). Unilateral neglect generally comprises failure to acknowl-
edge, respond to, orient to, or report stimuli occurring on the left side of the patient’s
personal or extrapersonal space.

A type of lateral bias of spatial attention occurs in the context of a reduced atten-
tional capacity [10], whereby stimuli on the ipsilesional side briefly attract the indi-
vidual’s attention, to the exclusion of simultaneous stimuli located in the contrale-
sional space. Both unilateral neglect and extinction are dissociated from primary sen-
sory losses such as hemianopsia, suggesting that the source of these disorders is at a
higher information-processing level. Although evident primarily in the visual modal-
ity, neglect may also be manifested in the auditory and tactile modalities. Early the-
ories suggested that neglect results from a deficit in the sensory or perceptual pro-
cessing of neglected stimuli and is independent of primary sensory deficits, which
may be manifested also in absence of an external stimulation. Also, impairments in
attentional mechanisms were proposed to explain neglect phenomena, specifically, as
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a breakdown in a system that normally allocates attentional resources to locations in
the neglected hemisphere. According to recent models, neglect reflects a failure of
the representational system that maps the external space into a neural system. This
hypothesis was supported by results indicating that neglect patients seem to neglect
the left parts of space even in their imaginations [11]. 

There is no doubt that overt behavior is affected by neglect, as is the self-percep-
tion of these patients’ efficacy in perception or in action execution related to the con-
tralesional space. More generally, neglect is considered as a deficit of conscious
access to information coming from the contralesional side of space. Here we exam-
ine the main deficits of neglect, those related to space and body representation.
External neglect is manifested in stimuli delivered in any sensory modality, although
it is mainly studied in the visual domain. Patients appear to omit items presented to
their left and may exhibit sustained eye and head deviations to the right, estimating
the straight-ahead direction to be shifted to the right. In addition, their body image
can be affected. For example, they may show anosognosia, that is, a lack of aware-
ness for, e.g., a left-sided deficit such as hemiplegia, or even somatoparaphrenia
(delusions about their own body). Several studies have shown that these patients are
more impaired in perceptual than in visuomotor tasks. They may be strongly biased
when requested to indicate the middle of a stick with their fingers, but they are rel-
atively less impaired when the task is simply to grasp the object [12]. This finding
suggests that in unilateral neglect lower-level visuomotor functions are relatively
spared. 

Moreover, patients with unilateral neglect may exhibit a deficit of the egocentric
reference frames used for action and for self-body representation. These patients
generally have difficulties to represent their own body, as their left half is strongly
neglected. Higher-order deficits of this kind contrast with the preserved visuomotor
abilities and are compatible with the view that neglect is primarily a deficit of con-
scious access and use of information [13]. 

7.3.2

Somatosensory Neglect

Some aspects of the mutual interactions that contribute to the feeling of having a
body acting in space are becoming better understood due to progress in identifying
the neuropsychological correlates of the different levels of body representation in
normal subjects and in patients with disorders in body representation. For example,
somatosensory neglect, resulting from lesions of the somatosensory parietal cortex,
may induce impairments in reporting tactile stimuli delivered to the contralesional
side of the body. Left somatosensory deficit may reflect not only a primary sensory
impairment but also a more complex and higher-order deficit of spatial representa-
tion of the body [14]. The observation of behavioral asymmetry (more left than right
deficit) has suggested that this form of hemianesthesia includes an attentional-spa-
tial component strictly related to the neglect syndrome. 
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As previously stated, unilateral deficits are typically associated with right-brain
damage. Thus, it is very common that patients with left-side neglect present a wide
variety of body schema impairments (for the concept of body schema, see [15]). The
symptoms include personal neglect, which is the inability to orient toward, explore,
and perceive the contralesional half of the body (anosognosia). Sometimes neglect
patients do not use the contralesional limb even in the absence of primary motor
deficits such as a left hemi-paresis. A few cases have been observed in which patients
with personal neglect do not also exhibit extrapersonal neglect [16]. The evidence for
the behavioral dissociations associated with neglect suggests that the representation
of different parts of space (extrapersonal, peripersonal, vs personal, bodily space)
may be subserved by functionally dissociated and independent systems. 

While the anatomy of peri- and extrapersonal neglect has been extensively stud-
ied [17], the anatomical substrate of personal neglect is poorly understood.
Nevertheless, it seems that personal neglect is associated with posterior brain lesions
involving infero-posterior parietal areas or subcortical regions such as the basal gan-
glia, thalamus, and white-matter fiber tracts.

Patients affected by some form of body representation disorder may not acknowl-
edge their deficits despite unambiguous evidence. Anosognosia is, in some cases, not
specific but selective (i.e., only for a limb or some kind of movements), which
implies that it cannot be explained as a generalized disturbance of awareness (for
example, related to damage to prefrontal areas). The selectivity of anosognosia sug-
gests that awareness has a composite structure, revealing even at the level of thought
structure the modular organization of the cognitive system. Recently, it was shown
that its occurrence is linked to damage to the frontal and parietal lobes. The authors
suggested that anosognosia can be viewed as a disorder of motor awareness imple-
mented in a fronto-parietal circuit related to space and motor representation, in
which the parietal component may be responsible for the spatial computation neces-
sary to act in space [18]. 

7.4
The Fallibility of Self-attribution of Agency in Neuropsychiatry

The claim of ownership, the self-ascription that I am the subject who is undergoing
an experience, can be consistent with the lack of a sense of agency. Phenomena such
as delusions of control and thought insertion appear to involve problems with the
sense of agency rather than with the sense of ownership. More generally, pathologi-
cal cases of sense of control for thoughts can be classified in three main categories:
(1) utilization behavior, in which subjects apparently lose the ability to overcome the
power of a stimulus to invoke a habitual action; (2) perseveration, in which subjects
seem to be unable to stop performing a particular sequence of actions; and (3)
thought insertion, in which subjects are convinced that thoughts are being inserted
into their minds by external forces. Later on, we consider the last case in order to
explain the failure of control by an agent.
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7.4.1 

Frontotemporal Dementia and the Delusion of Control in Frontal Deficits

There is agreement on the fact that injury to the inferior medial frontal area results
in a loss of inhibition and thus in the increased expression of behaviors considered
nonsocial, while injury to the more superior medial frontal lobe results in a more
apathetic state. Injury to this area of the brain is also typical of fronto-temporal
dementia (FTD), a progressive neurodegenerative deficit beginning in mid- or later
adulthood in which personality change or language disorder develops as an initial
symptom of a progressive global dementia [19]. In FTD, personality and personal
identity are altered but these individuals are usually unaware of the changes and
reject the claim that such changes have taken place. This type of dementia differs sig-
nificantly from Alzheimer’s disease, since it is a degenerative condition primarily
affecting the frontal and the anterior temporal lobes, areas that control judgment, per-
sonality, behavior regulation, speech and social interactions, and some aspects of
memory.  

Some patients with frontal lesions automatically execute the action performed by
someone else that they are observing, losing track of the distinction between their
own intentions and the intentions of others. In general, imitation constitutes a bridge
that carries interpersonal information and plays a major role in interactions between
people, starting from birth [20]. Imitation implies innate mapping from self to others
and can be understood only if we postulate the existence of shared representations of
actions between the imitator and its target. We emphasize the commonality between
self and others. However, since a mirror matching mechanism has been found in
humans for self- and other-generated actions [21], how can the subject discriminate
between internal and external sources of the activated representation? There must be
a mechanism that enables us to self-attribute our own actions, that is, a system that
allows the subject to know without ambiguity who the agent is even in complex sit-
uations such as mutual imitation. But this mechanism is not infallible; in fact, its sen-
sitivity is limited even in normal subjects and it is possible to self-attribute move-
ments that are different from those actually performed by oneself. Moreover, the very
existence of such a mechanism implies the possibility of its breakdown, as is the case
in positive symptoms of schizophrenia. 

7.4.2 

Agency and Schizophrenia

The sense of ownership for motor action can be explained in terms of the ecological
self-awareness built into movements and perceptions. By contrast, experimental
research on normal subjects suggests that the sense of agency for action is based on
that which precedes action and translates intention into action. Taking into account
the comparator model (see Chapter 1), if a forward mechanism fails, sensory feed-
back may still produce a sense of ownership but the sense of agency will be compro-
mised, even if the actual movement matches the intended movements. Schizophrenic
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patients most likely have problems with this forward, pre-action monitoring of move-
ments but not with motor control, based on a comparison of intended movement and
sensory feedback. 

The neuroscience of action and the neuropsychology of schizophrenia confirm
the existence of specific cognitive processes underlying the sense of agency, the
“who” system [22], which is responsible for the critical distinction between oneself
and the other and is disrupted in delusions of control [23]. Thus, the “who” system
allows self-attribution, with the latter taking place in a social frame of reference of
shared representations between the self and others. One class of symptoms displayed
by schizophrenic patients seems to be closely related to dysfunction of the “who”
system. These symptoms include thought insertion, auditory-verbal hallucinations,
delusions of reference, and delusions of alien control. By impairing the distinction
between the self and the external world, these false beliefs lead to a feeling of deper-
sonalization.

During verbal hallucination, schizophrenics talk to themselves but are unaware of
doing so. Similarly, those with delusions of control may believe that they control the
actions performed by someone else or that their own actions are influenced by the
will of other people. Neuroimaging studies in schizophrenic patients provide inter-
esting information with which to interpret these symptoms. During verbal hallucina-
tions, there is abnormal activation of primary auditory cortical areas: the patient
hears his inner speech as if it were the voice of someone else. A similar phenomenon
is observed during the generation of spontaneous arm movements. Brain activation
was found to be increased in a cortical network including the left premotor cortex
and the right inferior parietal lobule. This result, together with those obtained for ver-
bal hallucinations, can be interpreted as indicative of a deficit in cortico-cortical
inhibition, which normally suppresses activity in critical areas during self-produced
action. Lack of inhibition in these regions would therefore lead to incorrect agency
judgments, with a tendency to misattribute actions to an external agent.

Positive schizophrenic symptoms, especially passivity phenomena and including
auditory hallucinations, may be caused by an abnormal sense of agency— often
exhibited by people with schizophrenic personality traits. It is possible that this
abnormal sense of self-agency is attributable to the abnormal prediction of one’s own
movements in motor control. A recent empirical contribution comes from an experi-
ment using the “disappeared cursor” paradigm, in which non-clinical, healthy partic-
ipants and those with schizophrenic personality traits were required to click on a tar-
get using an invisible mouse cursor [24]. Prediction error was defined as the distance
between the target and the click point. The results showed that people with schizo-
phrenic personality traits correlated with deficits in predicting movements of their
left hand. In particular, auditory hallucination proneness had the strongest relation-
ship with movement prediction error. In this context, we should also discuss error
tendency (overestimations or underestimations of one’s own movements), as it is in
accordance with the idea that passivity phenomena or proneness is caused by the
abnormal prediction of one’s own actions or movements.

The sense of agency in “I thoughts” has been examined mainly as part of investi-
gations into thought insertion in schizophrenia. Based on an analysis of this condition,
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in the healthy individual, a coherent and plausible story about his or her own mental
life seems to take into account various factors, such as background beliefs, concor-
dance with the self-image and the line of thoughts, and cognitive effort and is gener-
ated by some sort of rationalization module. Disruption of this module may produce
a strong sense of impersonal thoughts or of the external insertion of thoughts [25].

7.4.3

Concluding Remarks on Schizophrenia

How does it happen that one is able recognize oneself as the source of one’s own
actions? We have observed that this process of self-recognition is far from trivial:
although it operates covertly and effortlessly, it depends upon a set of mechanisms
involving the processing of specific neural signals, of sensory as well as central ori-
gin. In a recent study, experimental situations in which these signals were dissociated
from each other such that self-recognition became ambiguous were applied in healthy
subjects and in schizophrenic patients. The results revealed that there are two levels of
self-recognition, an automatic level for action identification, and a conscious level for
the sense of agency, both relying on the congruence of action-related signals. The
automatic level provides an immediate signal for controlling and adapting actions to
their goal, whereas the conscious level provides information about the intentions,
plans, and desires of the author of these actions. In schizophrenic patients, these two
levels can be dissociated from each other such that whereas automatic self-identifica-
tion is functional in these patients, their sense of agency is deeply impaired. The pre-
dominant symptoms, which represent one of the major features of the disease, testify
to the loss of the ability of schizophrenic patients to attribute their own thoughts,
internal speech, and/or covert or overt actions to themselves.

Application of the comparator model to schizophrenia confirmed experiments
showing that schizophrenics tend to rely more on external action signals (for exam-
ple, visual feedback) than on internal cues (proprioception and efference copy) when
perceiving their own actions and inferring agency. This may explain why schizo-
phrenics also self-attribute external sensory events to their own actions even if these
actions are largely manipulated. If the impairment lies in an inadequate integration
of different authorship indicators, the break-down in self-monitoring might be read-
ily explainable without postulating a deficit in the comparator. 

Indeed, many dysfunctions in perceptual processing that do not need to postulate
a deficit in the comparator are conceivable. For example, one study found that when
patients with delusions of persecution were observing animation sequences, they
attributed intentional behavior to the moving shapes whereas controls attributed no
intentionality [26]. The failure of agency attribution might also result from a nonspe-
cific failure in monitoring internal cognitive sources in tasks that do not use any
action control or action perception at all. Moreover, a failure to disambiguate com-
plex signals on the basis of accurate inferences from context situations can often be
relevant.
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7.4.4 

Autism: Mentalizing vs Agency Disruption

Explorations of autism spectrum disorder (ASD) have considered the many key com-
ponents of social cognition, such as detection of animacy [26], perspective taking
[27], the ability to engage in meaningful imitation [28], joint attention [1], and the
sense of agency [3, 29]. These constructs were considered as precursors of the abili-
ty to mentalize (attribute mental states to others) or of theory of mind [1, 30]. While
mentalizing requires the differentiation of one’s own mental state from those of oth-
ers, agency requires the differentiation of one’s own actions from those of others. 

Predictions on difficulty with the sense of agency in ASD can be made based on
reported deficits in imitation (DSM-IV), motor performance, executive functioning,
multimodal integration, and temporal binding. From a neuropsychological point of
view, the cerebellum and frontal lobes, both of which have been implicated in action
monitoring, were observed to be impaired in some autistic subjects [31].
Nevertheless, a large body of empirical work regarding the social deficits in autism
has focused on mentalizing and imitation. These properties are associated with sim-
ulation theory but little work has been done on the self-other distinction or on the
sense of agency. 

The contribution of the sense of agency, and its possible disruption, to autistic
behavior was explored using a task based on the results of previous agency-manipu-
lation studies [32, 33]. Comparing the deficits of autistic subjects in mentalizing and
in agency representation, the authors were able to analyze in greater detail the effect
of these different components on ASD. Their results helped to elucidate the relation
between the two processes, since they found that socio-cognitive difficulties in
autism occur on a level higher than that needed for action monitoring and awareness
of action. The data suggested, in fact, that the problems that autistic people have with
imitation are not grounded in deficient action monitoring or awareness of their own
or others’ behavior. Moreover, as in the case of simulation deficit, the sense of
agency is preserved, since autistic subjects showed deficits in a mentalizing task,
engaging simulation, but did not show agency deficits, suggesting that simulation
does not underlie the sense of agency.

An alternative explanation of this result may be that agency and mentalizing are
two independent, unrelated processes that are based on distinct neurocognitive mech-
anisms [34]. However, contrasting evidence to this interpretation comes from schiz-
ophrenia, in which both processes are impaired. People with ASD rarely show posi-
tive symptoms or a disintegration of personality, as manifested in mis-attributions of
agency or delusions of control. Thus, alternatively, the dissociation between the sense
of agency and mentalizing in ASD suggests that the former involves a preconceptu-
al aspect while the ascription of mental states to others is metarepresentational. It has
been emphasized that agency may be represented from two different perspectives: a
lower-level, preconceptual, and sensorimotor level (feeling of agency) and a higher
(metarepresentational), conceptual level (judgment of agency) (see also Chapter 3)
[35]. The problems of ASD subjects are thought to involve the latter.
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7.4.5 

Dissociated States: Obsessive-compulsive Disorder

Obsessive-compulsive disorder is considered a significant pathological profile that
includes many symptoms related to action planning and action execution. Obsessions
can be interpreted as intrusive and uncontrolled thoughts, whereas a compulsion is
the urge to perform stereotyped mental or physical actions. Compulsions may be
associated also with discomfort regarding particular sensations of incongruity or
failure, sensations of incorrectness, and feelings of imperfection [36]. Repeated
actions are thought to represent the inability to formulate a sense of task completion,
regardless of goal attainment. Recent research has found obsessive-compulsive
behavior to be related to deficits affecting action processing, specifically, action
planning, in terms of defective use of internal representations to guide action, and
action monitoring, as a conflict between external outcomes of actions and internal
representations, in which the agent detects an “error signal” and tries to correct
actions. More generally, a defective representation of goal-directed habitual action is
present. Usually, the actions are mentally represented, with a correct link between a
goal and the instruments used to realize it, and they are monitored according to their
internal, related goal. By contrast, performing actions with unavailable or meaning-
less goal representations may produce disorganization in action flow [37].

A general representation of action and of the relationship between means and
goals with respect to action representations is proposed by the action identification
theory (AIT) [38]. According to the AIT, any behavior may be identified within a
cognitive hierarchy of meanings, in which the lower-level represents instrumental
features, and the higher-level relates to the desired goal of the action. The specific
level at which action is represented may reflect the accessibility of a particular rep-
resentation: higher-level action identification is usually used to perform routine and
well-known actions, and lower-level identification to perform recently learned
actions. In the case of complex actions or a disruption of action, low-level identifi-
cation tends to be adopted. The level of agency refers to the preferential level at
which actions are generally identified, which reflects the internal representation
(goal vs movement) that is generally activated during an action. Distinct modes of
action are promoted by the different levels. In the absence of goal representations,
gestural representations guide actions, with chronic low-level identification thought
to promote signals of inconsistency and error during routine actions.

Moreover, obsessive-compulsive disorders can be characterized by a specific
style of action representation, i.e., the level of personal agency. There is, also, a
direct link between the level of personal agency and the applied mode of action exe-
cution and action representation. High-level identification is associated with an
appropriate level of identification for different types of actions, and high-level agents
tend to have a greater efficacy in their everyday actions. However, since low-level
identification is related to greater difficulties in adapting representations in response
to action constraints, in low-level agents action flow is generally disrupted (for
example, these individuals express stronger doubts about the satisfactory completion
of an action). The poor performance and subsequent repetition of action may be relat-
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ed to the focus of attention on low-level gestural units of behavior rather than on the
goal-related higher-level units that are normally used in action flow [39]. Thus, at
one extreme is the low-level agent, who operates in the world primarily at the level
of detail; at the other extreme is the high-level agent, who views his or her own
actions in terms of causal effects, social meanings, and self-descriptive implications.
Nevertheless, levels of personal agency do not represent a trait in the most common
sense, but a tendency to adopt a behavior from within a content-defined class.

The AIT also proposes the existence of a consistent link between the manner by
which people understand what they are doing and the way they understand them-
selves. High-level agents are inclined to extract intentions behind actions, which can
provide meaningful depiction of the self. Low-level agents attach little significance
to self-understanding, which can make them uncertain about what they are doing.
Therefore, personal agency may be related to important aspects of the sense of self,
such that a high-level profile allows subjects to extract abstract self-knowledge from
actions and may give these individuals a coherent and stable understanding of them-
selves. On the other hand, a low-level of agency may produce a weaker and less
coherent sense of self. 

Recent studies have explored the relationship between specific clinical profiles
and the level of agency. Specifically, dissociative states [40] and certain subclinical
populations were shown to be sensitive to disruption of the level of agency [41]. The
behavior identification form (BIF) [37] was designed to measure individual differ-
ences in action identification level across an array of routine actions. This approach
was applied in a large sample in order to verify the relationship between “checker”
behavior and low-level profile. The results showed that checking symptoms are relat-
ed to the tendency to identify routine actions in terms of concrete mechanistic
details. Ritualized actions are not connected to a representation of an accessible goal.
In the absence of goal representations, gestural representations guide actions, which
may lead people to be task- and performance-oriented rather than goal-oriented. In
addition, in the carrying out of routine actions, acting that is guided by low-level rep-
resentation may promote signals of inconsistency and error. Low-level agents may
therefore prefer to control their actions according to situational cues, leading to the
emergence of successive alternative meanings that necessitate updating the current
action, which may engage these agents in new courses of action.

7.4.6 

Lines of Research on the Disruption of Agency: ERPs and Personality

Recent studies used event-related potential (ERP) procedures to examine whether the
awareness of being in control or not being in control of one’s action correlates with
specific brain activity [42]. Specifically, the external feedback content (true vs false)
was manipulated in order to test the subjective response to these different types of
feedback. The activity of the anterior cingulate cortex was associated with error
detection between the subject’s intention and the executed corresponding action [43,
44]. The discovery of specific neural correlates of behavior evaluation led to further
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research, in which a neural ERP response to errors, called ERN (error-related nega-
tivity), was identified [45]. Whereas initially the ERN was considered to reflect error
detection, it was later suggested that it is involved in a more general evaluation of
action plans [46] or conflict monitoring [43]. Furthermore, a related ERP effect,
feedback-ERN (or FRN), was identified; it occurs in response to an external feed-
back, the amplitude of which is monotonically related to the degree of expectedness
of the event, being larger for unexpected than for expected outcomes [47, 48]. The
FRN is thought to represent the activity of a generic response monitoring system. It
was also recorded during feedback indicating the incorrect performance of a time-
production task and during distorted feedback [49-52].

An important question regarding the processing of external feedback (both erro-
neous and veridical) is whether subjective sensitivity to the external cues of reward
vs punishment has an effect. Feedback perception and error-feedback may be direct-
ly related, and in some cases amplified, by an individual’s personal features, i.e., his
or her motivation and affective style, and by personal sensitivity to internal/external
cues [53]. A prevalent view suggests that this subjective sensitivity corresponds to
two general systems for orchestrating adaptive behavior [54, 55]. The first system
functions to halt ongoing behavior while processing potential threat cues. It is
referred to as the behavior inhibition system (BIS) [56]. A second system is believed
to govern the engagement of action and has been referred to as the behavioral
approach system [57] or the behavioral activation system (BAS) [58]. The BAS is
conceptualized as a motivational system that is sensitive to signals of reward and
non-punishment and is important for engaging behavior toward a reward. The BIS,
conversely, inhibits behavior in response to stimuli that are novel, innately feared,
and conditioned to be aversive [59]. 

The impact of external feedback on a person’s behavior is determined, in addition
to the contingent presence of external cues, by our personal sensitivity to these cues.
Individual differences in action identification, explored by the BIF, and personal sen-
sitivity to external feedback, analyzed by BIS/BAS measures [56], were considered
as an explicative variable affecting cortical responses to error-feedback. Thus, a cen-
tral question in neuropsychological research is how individual differences in feed-
back perception are manifested in motivation and personality, and how they can
directly regulate cortical responses. In this context, the relationship between individ-
ual differences in action identification level and modulation of the cortical response
to an external feedback has been examined. 

Nevertheless, few studies have tried to connect brain response to the disruption
of the sense of agency due to an external feedback, taking into account subjective
attitude in terms of action representation (BIF) and behavioral predisposition
(BIS/BAS) toward external context, and considering the impact of these factors on a
veridical or a distorted external feedback processing. Based on these goals, it can be
hypothesized that a FRN effect is found in response to an external feedback, with an
increased effect in the case of a false condition, analogous to the previously
described FRNs [49, 60]. In addition, a cortical system exists to process feedback
response, i.e., the response to a congruent or incongruent system. Moreover, regard-
ing the BIS/BAS effect on FRN, a significant sensitivity to feedback, in terms of a
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higher BIS, is expected especially for erroneous and negative feedback, due to the
increased response to context of potential punishment, whereas a more proactive
monitoring system should intervene to check for internal/external congruence in
high-BAS subjects. Specifically, an attentional response to feedback should be
marked by BAS; in BIF, however, a significant relationship between lower-level iden-
tities and feedback sensitivity is likely, in particular for false feedback since these
identities are susceptible to a revised understanding of their behavior when the exter-
nal cues signal a disrupted action or action-action effect relationship. 

To summarize, the level of action identification has implications for understand-
ing and controlling behavior. It is an independent dimension that may distinguish to
what extent an individual has organized his or her action into abstract, meaningful
categories that can operate to channel behavior into dispositional tendencies. Action
identification theory holds that any action can be identified in many ways, ranging
from low-level identities that specify how the action is performed, to high-level iden-
tities that signify why or with what effect the action is performed. People who iden-
tify action at a uniformly lower or higher level across many action domains, then,
may be characterized in terms of their position within a broad personality dimension,
and thus the level of personal agency. High-level agents think about their acts in
encompassing terms that incorporate the motives and larger meanings of the action,
whereas low-level agents think about their acts in terms of the details or means of
action. 

Research on behavior identification construct has examined the individual’s over-
all competence in action and the degree to which his or her actions are organized by
and reflected in the self-concept, and the implications of both. A significant relation-
ship was established between low-level of action identification and increased FRN
amplitude, particularly in response to false feedback. The level of identification most
likely to be adopted by an actor is dictated by processes reflecting a trade-off
between concerns for comprehensive action understanding and effective action main-
tenance. This suggests that the actor is always sensitive to contextual cues for high-
er levels of identification but moves to lower levels of identification if the action
proves difficult to maintain with higher-level identities in mind. These processes
have been documented empirically, as was their coordinated interplay in promoting a
level of strict identification that matches the upper limits of the actor’s capacity to
perform the action. If this tendency has significance in terms of individual differ-
ence, then low-level agents should consider a wide assortment of actions to be more
difficult and complex, and as a result they should be more sensitive than high-level
agents to external cues or feedback.  

Disruption of the sense of agency by erroneous feedback may directly implicate
an immediate transposition from a high-level representation of action to a low-level
representation, as suggested and predicted in an action identification model stating
that the subject moves to lower levels of identification if the action proves difficult
to maintain using higher-level identities [61]. In fact, previous research showed that
people move to lower-level identities when an action is difficult, unfamiliar, or com-
plex, when their performance of the act is disrupted [62], or when they are given fail-
ure feedback on their performance [63]. Empirical studies confirmed that disrupting
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people’s action or otherwise inducing them to consider lower-level identities makes
them susceptible to a revised understanding of their behavior, which, in turn, allows
them to establish new courses of action [64].

More generally, a common denominator of the FRN effect and BIF measures
could explain the distinction between personal planning and monitoring, on the one
hand, and environmental control of actions, on the other. People are said to have
either an internal or an external locus of control [65], to respond either in accord with
personal standards or in response to the cues provided by others or by external feed-
back [66], and to behave consistently or inconsistently across time and situations.
This distinction may involve internal action planning, which varies with differing
levels of personal agency. Whether a person appears responsive to situational cues
and constraints or instead maintains a personal plan of action despite the influence
of these controls depends on his or her level of personal agency. High-level individ-
uals are more aware of the overall planning of what they are doing and are less
primed to accept signals that are provided by the context of the action. By contrast,
low-level individuals, due to their lack of a high-level plan to integrate what they do,
look to the information provided in the action’s context to determine the significance
of their behavior. Thus, changes in contextual cues are readily noticed and give emer-
gent meaning to action. Overall, low-level agents might engage in impulsive as
opposed to planned behavior, responding to salient cues in the particular situation,
such as false-behavior feedback, whereas high-level agents might show greater inter-
nal control and stability in their representation across contextual variations. 
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8.1 
Introduction

The sense of agency and its neurocognitive underpinnings have been the subjects of
increasing attention over the last several years, but their detailed mechanisms remain
controversial. An excellent opportunity to investigate both the basic neurocognitive
mechanisms of self-agency attribution and their pathological dysfunctions is to study
abnormalities of the sense of agency in neurological or psychiatric patients. In par-
ticular, disturbances of agency processing in schizophrenia patients with delusions of
influence might reveal specific central mechanisms for the self-attribution of agency,
which can be specifically impaired. Patients with delusions of influence feel that
someone else is guiding and executing their actions, even if the action is actually
completely caused by themselves.

Here we review recent findings on delusions of influence in schizophrenia,
demonstrating that these findings suggest a new general framework of agency pro-
cessing. This framework integrates the influential comparator model of agency with
the latter’s seemingly contradictory findings. Moreover, and importantly, the new
approach extends the comparator model to account for the large variety of available
internal and external (e.g., sensory, cognitive, and contextual) cues, which likewise
contribute to agency processing and may play a particular role in delusions of influ-
ence in schizophrenia. This framework may explain not only delusions of influence,
but also a larger variety of disturbances in agency attribution in psychotic patients.
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8.2 
The Comparator Model and Its Explanatory Limitations

Already in 1950, two studies [1, 2] suggested a simple and attractive computational
mechanism, also referred to as the comparator model, to explain how the nervous
system might deal with the self-world distinction when attributing agency to senso-
ry events. According to this account, the sensory consequences of one’s actions can
be predicted based on an internal efference copy of the motor command [2] or an
internal corollary discharge [1]. In order to isolate externally produced sensory stim-
uli, afferent stimuli are constantly compared with these internal predictions. In case
of a match, the afference is interpreted as a result of self-action. In case of a mis-
match, the difference corresponds to an externally caused event. 

In fact, both psychophysical and electrophysiological studies show that the con-
stant comparison between internal predictions and external information ensures that
we correctly attribute self-produced sensations to our own agency rather than to
external causal forces [3-7]. This mechanism allows us, for instance, to cancel out
potentially disturbing self-produced sensory events, e.g., self-produced tactile stim-
ulation [3] or visual flow due to our own pursuit eye movements, thereby guarantee-
ing the perception of a stable world despite self-motion [8,9].

Following the suggestions of Feinberg [10], this model was subsequently applied
by Frith and colleagues to study cases of pathological misattribution of agency
[11,12]. It was considered that failures in the of self-attribution to the sensory con-
sequences of one’s actions might result from an impairment in generating adequate
internal predictions and/or in comparing internal predictions with the actual sensory
afference (Fig. 8.1). According to this idea, patients would be expected to attribute
any deviant sensory information (which is no longer compensated by internal predic-
tion) to external sources rather than to themselves–as is the case in delusions of
influence.

Indirect evidence for such prediction deficits in schizophrenia patients comes
from two recent behavioral studies. The first used a novel force-matching task [13,
14]. In this experiment, subjects experienced a force applied to their finger by a
torque motor and were then required to match the perceived force by actively push-
ing on the finger using their other hand. Due to an attenuation of predictable senso-
ry input, healthy subjects reliably under-estimated the force they were applying and
thus produced a much larger active force than was experienced passively [13].
Conversely, schizophrenia patients showed significantly less attenuation than age-
matched healthy control subjects, suggesting an impaired sensory predictive mecha-
nism in schizophrenia [14].

The second study investigated the ability to cancel out self-induced retinal image
motion resulting from one’s own smooth-pursuit eye movements [9]. During per-
formance of smooth pursuit, the images of a stationary environment inevitably slip
over the retina with a velocity equivalent to that of the eye’s rotation. If we relied on
retinal information only, we would misattribute image motion to the environment
rather than to ourselves and thus misperceive the world as moving. This interpreta-
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tion is avoided by comparing the actual image slip with the amount of image motion
predicted on the basis of an efference copy of the eye-movement motor command. If
both signals match, the retinal image slip is interpreted as being self produced and
cancelled out; if they do not match, a residual motion difference is perceived which
must be attributed to the external world [8]. Consequently, if internal predictions
were imprecise in schizophrenia patients with delusions of influence, these patients
should perceive a greater amount of residual motion. Lindner and colleagues demon-
strated that schizophrenia patients with delusions of influence were impaired in per-
ceptually compensating for smooth-pursuit-induced image motion, thus again indi-
cating an impaired sensory predictive mechanism in schizophrenia [9].

Most of the other empirical findings which were commonly taken as support for
a role of the comparator model in schizophrenia demonstrated an exaggerated self-
attribution of sensory events (e.g., “hyper-associations” between an action and its
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Fig. 8.1 The neurocognitive comparator mechanism underlying the sense of agency. On the basis of
a given motor command, the system predicts the outcome of one’s own behavior. By comparing
the predicted sensory consequences with the actual sensory afference, self-produced sensory in-
formation can be distinguished from externally caused events. In case of a match, the afference is
interpreted as a result of one’s own action. In case of a mismatch, the difference is registered as ex-
ternally caused [1, 2]. An impairment in predicting the sensory consequences of one’s own move-
ments would lead to a mismatch at the comparator and, consequently, to false registration of self-
produced sensory events as externally caused



effect [15]) in schizophrenia patients. For example, several studies reported that in
tasks with spatial or temporal distortion of visual feedback of one’s own hand move-
ments, schizophrenia patients expressed a stronger tendency to attribute what they
saw to their own actions [15-19]. These findings cannot be directly explained by a
deficit of the comparator mechanism: due to the lack of adequate internal predictions
that would compensate for the self-produced sensory events, patients should show an
exaggerated external attribution of sensory events. Similarly, the psychopathology of
delusions of influence predominantly reflects an under-attribution (not an over-attri-
bution) of self-produced sensory information.

In addition, it remains unclear how a deficit in internal predictions could be suf-
ficient to cause the misattribution of actions observed in schizophrenia. In order to
transit from abnormal experience to delusional belief, unusual belief-formation pro-
cessing must be postulated. Only such an idiosyncrasy in the belief-formation
process could explain why schizophrenia subjects (1) do not accept an alien experi-
ence as a strange experience (as, for example, healthy subjects or most neurological
patients with alien motor phenomena would do) but (2) devise a delusional agency
hypothesis about this experience and (3) maintain it despite different stored encyclo-
pedic knowledge about their behavior and despite the testimony of others [20]. Thus,
an explanation of delusions of agency also needs to account for the abnormalities in
the belief-formation system with respect to a person’s method of action rationaliza-
tion and self-theorizing. A deficit in internal predictions per se also cannot provide
any explanation for the semantics of the delusional belief: Why is it that agency attri-
bution fails only in certain semantic contexts that are often highly specific to the his-
tory of the delusional individual? And why does it have its specific semantic content
(e.g., an action is caused by a stranger or by God)? To explain this, one would have
to integrate information from a person’s broader belief system and narrative self-
structure. In other words, if the thesis of impaired internal predictions as underlying
delusions of influence is correct, it can only explain why schizophrenia subjects have
an abnormal experience of their own action. Yet this is not enough to explain why
they devise delusional beliefs with certain content [21].

8.3 
Feeling of Agency vs Judgement of Agency

One of the reasons for the discrepancy between experimental findings and predic-
tions based on the comparator model seems to be rather simple. The sense of agency
might not function as a unitary processing module (as it appears phenomenally), but
in fact represent a complex supramodal phenomenon of largely heterogeneous func-
tional and representational levels, with different agency cues receiving a different
weighting on each level [21, 22]. Previous experimental approaches might simply
operate on levels of agency processing different than those of the comparator model,
whereby the experimental findings might not directly reflect internal predictions
and/or the comparator output.
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The sense of agency comprises at least two different levels of agency registration
[21] (Fig. 8.2): on the level of agency attribution–which has been tested by most self-
recognition studies–subjects have to make explicit judgments about the agent of an
action. This level integrates many complex cognitive cues, e.g., prior expectations
about the task, background beliefs, and context estimations, but it does not directly
reflect the immediate feeling of agency. It is this default level of agency that is most
prevalent in our everyday life: when we grasp, type, or walk, our sensorimotor sys-
tem implicitly registers these sensory consequences as self-caused and they are with-
held from further, demanding processing and in particular from further rationaliza-
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Fig. 8.2 The sense of agency is con-
strued by different agency levels and
by a context-dependent, flexible
weighting of agency cues. (a) The
sense of agency comprises at least two
different levels of agency registration.
The basic non-conceptual feeling of
agency is produced by a gradual and
highly plastic subpersonal weighting
process of different action-related per-
ceptual and motor cues (feeling of
agency). This pre-conceptual core is
further processed by conceptual ca-
pacities and attitudes (e.g., beliefs,
desires) to form an attribution of
agency (judgement of agency). Both
levels closely interact: the feeling of
agency can determine our judgement
of agency and, in turn, cues from the
judgement level can largely influence
our feeling of agency. Thus, the sense
of agency is a dialectic combination of
bottom-up and top-down processes.
(b) The extent to which the feeling of
agency and the judgement of agency,
respectively, contribute to the overall
sense of agency depends on the con-
text and task requirements. In stable,
unequivocal situations, our sense of
agency is fully determined by the feel-
ing of agency. In these situations, our
sensorimotor system implicitly regis-
ters the sensory consequences of its

actions as self-caused and they are withheld from further demanding processing and, in particular,
further propositional modules. In more ambiguous situations, the system resorts more to contex-
tual cues, background beliefs, and other propositional modules to infer agency of sensory events.
(Modified from [21])

a
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tion modules. This basic representation is commonly thought to depend mainly on the
coherence of motor and sensory cues related directly to the action itself, and espe-
cially on internal predictions and/or the comparator output [21].

Thus, it might well be that at least some findings of over-attribution/hyper-asso-
ciation of sensory events in schizophrenia patients result from the fact that in the
respective studies explicit agency judgements were tested (e.g., by asking “was it you
or not you?”) and that for some reason, yet to be explained, schizophrenia patients
tend to over-attribute sensory events to their own agency despite a mismatch at the
underlying comparator. Likewise, it is possible that an impairment on the level of
feeling of agency is complemented by an impairment on the level of judgement of
agency, the combination of both resulting in a delusional agency belief.

8.4 
Optimal Cue Integration as the Basis of the Sense of Agency

One option to resolve the seeming discrepancy between empirical findings in self-
recognition tasks and model predictions is by explaining over-attributions of sensory
events in schizophrenia patients as the result of an over-reliance on external sensory
action events, which is, in turn, due to an under-reliance on internal action cues. And,
in fact, according to the comparator model, schizophrenia patients should be predis-
posed to under-rely on their internal predictions as these predictions are postulated
to be inadequate. This explanation extends the comparator model by a framework of
optimal cue integration, according to which no single information signal is powerful
enough to convey an adequate representation of a certain perceptual entity under all
everyday conditions. Instead, depending on the availability and reliability of a certain
information cue (here, e.g., internal predictions and external sensory information),
different combination and integration strategies should be used to frame the weight-
ing of sensory and motor signals. Thus, the type of optimal cue integration might not
only allow robust perception of the world [24, 25] and efficient sensorimotor learn-
ing [26], it could also provide the basis for subjects’ robust, and at the same time
flexible, agency experience in variable contexts: the sense of agency constantly
reflects the relative reliability of the respective agency cues in a given situation [22].

Within this integration, intrinsic efferent signals such as internal predictions
probably serve as the most reliable and robust agency cues, as they usually provide
the fastest and least noisy information about one’s own actions [27]. However, other
cues might outweigh or even replace these efferent signals to install a basic registra-
tion of agency. For example, it was shown that even for involuntary movements, i.e.,
movements for which no internal predictions are issued, an implicit registration of
agency can be installed if prior action cues (here: primes) are present [28]. This find-
ing can be well explained within the framework of optimal cue integration: involun-
tary movements might be particularly susceptible to prior action cues as these cues
should receive particularly more weight when one of the most robust cues–namely,
efference-copy-based predictions–is absent. Thus, under normal conditions, the reg-

M. Synofzik, M.Voss150

8



istration of being the initiator of one’s own actions seems to arise from a dynamic
interplay between prior expectations, internal predictions about the sensory conse-
quences of one’s actions, sensory information, and post-hoc beliefs. These cues are
not mutually exclusive, but used in combination according to their respective relia-
bility to establish the most robust agency representation in a given situation.

8.5 
Altered Cue Integration as the Basis of Delusions of Influence

The approach of optimal cue integration might provide a common basis for the vari-
ous misattributions of agency in schizophrenia patients. In schizophrenia, and even
more so in an acute psychotic state, internal predictions about the sensory conse-
quences of one’s actions could be frequently imprecise and non-reliable. Patients
should therefore be prompted to rely more on (seemingly more reliable) alternative
cues about self-action, such as vision, auditory input, prior expectations, or post-hoc
thoughts. The stronger weighting of these alternative cues could help patients to
avoid a misattribution of agency for self-produced sensory events that was due to
imprecise internal predictions. However, as a consequence of giving up the usually
most robust and reliable internal action information source, i.e., internal predictions,
the sense of agency in psychotic patients is at constant risk of being misled by ad hoc
events, invading beliefs, and confusing emotions and evaluations. Different agency
judgement errors may result: patients might over-attribute external events to their
own agency whenever these more strongly weighted alternative agency cues are not
veridical and misleading, as is the case in delusions of reference (also referred to as
“megalomania”). Conversely, if alternative cues are temporarily not attended or
unavailable, patients might fail to attribute self-produced sensory events to their own
agency and instead assume external causal forces (as is the case in delusions of influ-
ence). A context-dependent weighted integration of imprecise internal predictions
and alternative agency cues may therefore reflect the basis of agency attribution
errors in both directions: over-attribution, as in delusions of reference/megalomania,
and under-attribution, as in delusions of influence.

8.5.1 

Intentional Binding: Impaired Predictions and Excessive Linkage of External Sensory

Events

Two recent studies provided the first empirical evidence supporting this notion. Voss
and colleagues  [29] used an elaborate version of the “intentional binding” paradigm
[30] to study the relation between predictive and sensory effect-driven (“postdic-
tive”) mechanisms of agency processing in schizophrenia patients. These authors
measured the perceived onset time of a self-initiated key press that caused an exter-
nal sensory effect (a tone) with high probability (75%), with chance probability
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(50%), or with 0% probability (baseline condition). The perceived action-onset times
in these conditions were compared. In the high-probability condition, healthy con-
trols showed a shift of the perceived time of action onset towards the tone compared
to the baseline condition. Crucially, this shift also occurred on occasional trials in
which the tone was omitted. In contrast, schizophrenia patients did not show any shift
of perceived action-onset time in the absence of the tone.

This finding was taken as evidence for a deficit in forming internal predictions
about the sensory effects of one’s actions: schizophrenia patients seem to be unable
to use previously acquired experience of a certain action-effect-linkage to predict the
sensory effect when it is occasionally omitted. Interestingly, the degree of this deficit
correlated with different aspects of the patients’ psychopathology; inter alia, with
specific positive psychotic symptoms: the stronger delusions and hallucinatory
behavior, the smaller the shifts in perceived action onset. When the tone actually
occurred, however, patients showed a larger shift of perceived action onset towards
the tone than healthy controls. This finding indicates that patients’ temporal binding
between action and effect is largely driven by the actual presence of a sensory event.
Thus, rather than using predictive mechanisms, schizophrenia patients seem to sole-
ly rely on external information about the action and to infer agency by a “postdic-
tive” process. 

8.5.2 

Perception of Hand Movements: Imprecise Predictions Prompting an Over-reliance on

External Action Cues

From the afore-mentioned study, it remains an open question whether impaired pre-
diction and exaggerated reliance on external sensory information in schizophrenia
patients work in parallel, thus reflecting two different processes, or whether it is by
the impairment in predictions that patients over-rely on external information, thus
reflecting a single causal process. The latter notion would provide more direct evi-
dence for optimal cue integration underlying the sense of agency. Synofzik and col-
leagues studied the relationship between impaired internal predictions and over-
reliance on external sensory information in two action perception experiments [23]

Subjects performed pointing movements in a virtual-reality setup in which the
visual consequences of one’s own movements could be rotated with respect to the
actual movement. In the first experiment, subjects had to detect clockwise and count-
er-clockwise rotations of the visual feedback with respect to their actual movements.
The patient group revealed higher thresholds for detecting experimental feedback
rotations and, importantly, the size of these thresholds correlated positively and very
selectively with patients’ delusions of influence: the larger the impairment in detect-
ing visual feedback distortions about their own movements, the stronger were the
delusions of influence that patients experienced. This finding does not just confirm
and specify previous findings of larger detection thresholds in the perception of self-
action in schizophrenia patients, it also provides a specific explanation: subjects
might have relied on the fact that the cursor was a visual representation of their own
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fingertip and used this (misleading) visual ownership information as an “external
agency cue”. Their perceptual system may have relied more strongly on this external
action-related information in order to receive a more reliable account of one’s own
actions, as the system’s own internal predictions are imprecise. The second experi-
ment served to further assess both the accuracy of internal predictions and the weigh-
ing of internal and external action information. Here, subjects were required to esti-
mate their direction of pointing visually in the absence of any visual feedback and
again in the presence of visual feedback that was constantly rotated by 30°. The accu-
racy of internal predictions was assessed based on the trial-by-trial variability of sub-
jects’ visual self-action estimates in those trials without any visual feedback. The
standard deviation of self-action estimates was significantly higher in schizophrenia
patients and, importantly, correlated selectively with delusions of influence. In other
words, the more imprecise the estimates of internal predictions, the stronger were the
delusions of influence that patients experienced. Moreover, a significant correlation
was found between the pooled standard deviation of subjects’ self-action estimates
and the detection thresholds determined in the first experiment. This observation
suggests that imprecise internal predictions indeed underlie patients’ impairment in
perceiving their own actions as they prompt patients to over-rely on (potentially mis-
leading) visual feedback. Indirect support for this assumption stems from subjects’
level of adaptation in those trials involving (constantly rotated) visual feedback:
patients adapted their self-action estimates almost twice as much as controls in the
direction of the rotated visual feedback. The degree of this adaptation of self-action
estimates relative to the absolute visual feedback rotation of 30° reflects a relative
weighing of internal and external self-action information according to the respective
relative reliability. The reliability of patients’ internal predictions (estimated by the
inverse of the squared pooled standard deviation of the perceptual self-action esti-
mates in trials without feedback) was about half that of healthy controls (0.005 vs

0.01, 1/degree2, respectively). Accordingly, schizophrenia patients should give less
weight to internal predictions and increase the relative weight of alternative (visual)
cues about self-action. Corresponding with this prediction, the average degree of
adaptation to the visual feedback rotation was about two times larger in schizophre-
nia patients (63%; 18.9°) than in controls (37%; 11.0°).

8.6 
Conclusions

The results of the two studies discussed in the previous section suggest that psychot-
ic patients cannot resort to a reliable predictive structuring link between the self and
external events. Such a link is, however, needed to reliably learn the connection
between actions and effects, and thus to understand the relation between the self and
the world. If this link cannot be established, the relation between the self and the
world becomes blurred and confusing.

Under most circumstances, a stronger weighting of external cues will help
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patients to achieve more perceptual certainty about their own actions and to compen-
sate for imprecise internal predictions. However, as a consequence of giving up the
usually highly robust and reliable internal action information source, namely, inter-
nal predictions, the sense of agency in psychotic patients is at constant risk of being
misled by ad hoc events, invading beliefs, and confusing emotions and evaluations.
In other words, the sense of agency in psychotic patients is built on a fluctuating,
unreliable basis and the lack of a coherent integration of the different, partly contra-
dicting agency cues may lead to delusional explanations of subjective experiences
related to one’s own actions, such as occurs in delusions of control or of reference.
The framework of optimal cue integration might thus be able to integrate the popu-
lar comparator model of agency, to overcome its explanatory limitations and to pro-
vide a unified account for the various delusions of agency in psychotic patients.
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9.1 
Introduction

Obsessive-compulsive disorder (OCD) is, as its name implies, characterized by
obsessions (i.e., recurrent thoughts or images, particularly ones that cause distress)
as well as compulsions (i.e., urges to perform mental or physical acts repeatedly),
both of which significantly impair everyday functioning [1]. Obsessions are consid-
ered to be recurrent distressing impressions that something is wrong with an action
or with a situation, such as an error or an imminent danger [2–4]. Compulsions are
generally conceptualized as aiming to prevent feared harmful events and are thus
associated with an increased sense of responsibility [5, 6]. However, they may also
be motivated by particular sensory experiences concerning actions, such as feelings
of incompleteness, that trigger the need to adjust them, rather than the avoidance of
potential harm [7]. 

Both the sense of responsibility and the feeling of incompleteness can be viewed
as experiences of actions that are obviously in conflict with the actual action context.
Specifically, compulsions can be seen as behavioral responses to recurrent feelings
of dissatisfaction regarding an intended achievement. Moreover, OCD features have
been consistently connected to deficits affecting action processing, such as action
planning [8, 9] and action monitoring [10, 11]. 

Research on the sense of agency has highlighted the importance of action speci-
fication (e.g., outcome anticipation) and action monitoring (e.g., assessing the
degree of concordance between anticipated and actual outcomes) in the subjective
understanding of “what one is doing” and “what one is causing” [12–17]. Hence, a
dysfunction affecting these components of action processing could lead to an incon-

Neuropsychology of the Sense of Agency. Michela Balconi (Ed.)
© Springer-Verlag Italia 2010

157

Looking for Outcomes:
The Experience of Control and Sense of
Agency in Obsessive-compulsive Behaviors 
S. Belayachi, M. Van der Linden

9

S. Belayachi (�)
Department of Cognitive Science, University of Liège, Liège, Belgium



sistent appraisal of one’s actions and of the surrounding environment. More impor-
tantly, recent models of sense of agency suggest that there are various levels of action
specification and monitoring (e.g., sensorimotor, perceptual, and conceptual levels);
each level may contribute to a specific component of the sense of agency [14, 18].
Therefore, the nature of the impairment and the level at which the dysfunction
applies may underlie specific patterns of a defective sense of agency. 

In this chapter, we review the phenomenology of OCD to understand how its het-
erogeneity can be depicted as an outcome processing issue and how it can be differ-
entially affected across distinct OCD profiles. 

9.2 
The Clinical Features and Phenomenology of OCD 

Obsessive-compulsive disorder is commonly viewed as a set of maladaptive habits
and ways of thinking, of which obsessions and compulsions are the most prominent
symptoms. As in other psychopathological states, OCD symptoms are present to
some degree in most people; their frequency and their impact on everyday function-
ing may distinguish non-clinical from clinical cases of OCD [19]. Obsessions involve
intrusive thoughts, images, or impulses that cause significant distress. Common
obsessions include preoccupation with contamination, concerns about potential
threatening outcomes, fear of harming oneself or others, repeated doubts about self-
action, and preoccupation with action satisfaction. Over 90% of patients with OCD
report performing compulsive behaviors to reduce the distress associated with obses-
sions [20]. Compulsions refer to the need to perform mental or physical acts in a
repeated or stereotyped way. Repetitive checking (e.g., checking locks, lights, and
appliances) and repetitive washing (e.g., hand washing, house cleaning) are the most
common compulsions [21, 22]. 

An important feature of OCD is that some behaviors and activities that are per-
formed automatically by most people (e.g., washing one’s hands, locking a door,
tidying up clothes) are related to a dysfunctional experience of action. Examples
include an inflated sense of responsibility for the occurrence or avoidance of bad out-
comes, beliefs that one’s thoughts can have direct negative consequences for the
external world, beliefs that errors can have harmful consequences, an exaggeration of
the probability and severity of potential harm, inconsistent impressions of failure or
feelings of imperfection, feelings that actions or intentions have been incompletely
executed, and an undermined sense of goal satisfaction. These inconsistent feelings
and beliefs form strong motivational features concerning the occurrence of OCD
symptoms. They can be classified according to the extent to which OCD symptoms
are predominantly characterized by feelings of responsibility or of incompleteness. 

Responsibility in OCD refers to the “belief that one has power which is pivotal to
bring about or prevent subjectively crucial negative outcomes” ([23], p. 111). This
OCD dimension seems to be dominated by cognitive phenomena, including dysfunc-
tional beliefs, biased inferences and judgments, misinterpretation of intrusive
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thoughts. One important feature of this phenomenon is the premonitory aspect of neg-
ative outcomes. Indeed, OCD individuals experience the content of certain intrusive
thoughts as an indication of a future negative consequence of their action or inaction.
They may also voluntarily try to foresee a wide range of negative consequences of
their actions. In addition, the processing of anticipated negative outcomes is influ-
enced by dysfunctional beliefs, such as the idea that doing nothing about potentially
upcoming bad events is equivalent to causing disastrous outcomes. Overall, these fea-
tures lead OCD individuals to experience feelings of responsibility and guilt and com-
pel them to undertake preventive actions (i.e., avoidance strategies). 

On the other hand, incompleteness and “not just right” feelings are dominated by
sensory phenomena and are described by patients as impressions of failure or feel-
ings of imperfection. Such feelings can lead to an inability to achieve a sense of “task
completion” or “closure” regarding actions (e.g., locking the door) or perceptions
(e.g., objects on a table). This sense of dissatisfaction may cause people to experi-
ence inconsistent feelings that “actions or intentions have been incompletely
achieved” ([24], p. 80). It may also lead them to feel only a weak sense of goal sat-
isfaction. Repeated compulsions may then be motivated by the need to alleviate feel-
ings of incompleteness or to feel “just right” [25]. 

Although these two distinct motivational core features may be more fundamental
than mere symptom clusters, their prevalence seems to vary across the different OCD
subtypes. Indeed, harm avoidance may particularly be reflected in washing and
obsessing symptoms [26]. Incompleteness, on the other hand, may be especially asso-
ciated with checking [26, 27] and ordering [26, 28]. Furthermore, distinct neural cor-
relates have been associated with these different OCD subtypes. For example, check-
ing symptoms, which are frequently related to incompleteness, may be connected to
increased activity in brain regions involved with motor processing, such as dorsolat-
eral prefrontal regions, putamen/globus pallidus, and brainstem nuclei [29–31].
Washing symptoms, which are related to harm avoidance, have been found to be
associated with increased activity in brain regions that process emotional aspects of
information (e.g., orbitofrontal regions [29, 31]).

Overactive performance monitoring, as reflected by the anterior cingulate cortex
hyperactivity and electrophysiological abnormalities observed in OCD, has consis-
tently been connected to incompleteness features [11, 32-34]. It is assumed to reflect
excessive error detection, caused by an impaired comparison between actual and
expected responses [35, 36]. Indeed, an internal comparator mechanism may com-
pare the internal representation of action and the resulting action. If a conflict is
detected, the system triggers a signal and adjustment behavior is activated. It has
been suggested that a hyperactive error signal in OCD arises from a dysfunction in a
comparator mechanism, which then erroneously detects a mismatch between repre-
sentations of the actual and the intended response. 

On the other hand, responsibility features seem to be associated with increased
activity in brain regions that process the emotional aspects of action, such as the
orbitofrontal cortex (OFC). The OFC may play an important role in action control
and guidance of behaviors, through outcome representations and particularly by
anticipating the affective impact of outcomes. This form of anticipation plays an
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important role in decision-making [37]. The representation of anticipated outcomes
may depend on how the OFC generates possible alternative outcomes of one’s action.
Moreover, lateral areas of the OFC may underlie the anticipation of potential nega-
tive outcomes, while areas from the ventral and medial prefrontal cortex may be
specifically involved in representing the impact of outcomes with a positive valence
[38, 39]. Increased activity in the lateral OFC in OCD individuals has been consis-
tently related to their concerns with potential future negative outcomes [40]. 

Taken together, the above-mentioned studies suggest that OCD symptoms are
related either to an impaired ability to re-integrate generated outcomes as being con-
sistent with intended outcomes, or to an increased processing of outcomes, particu-
larly of their emotional value at an early stage of action specification. From this per-
spective, compulsions can be conceptualized as behavioral strategies aimed at either
generating outcomes that match the intended ones, as is the case in incompleteness
phenomena, or avoiding the occurrence of potential negative consequences.

To sum up, people with OCD may experience a sense of responsibility for threat-
ening events whose occurrence are not related to their actions. Yet, these individuals
feel compelled to deploy compulsions in order to counter bad outcomes. Other OCD
individuals, however, may perform compulsive behaviors because they have inconsis-
tent feelings that an action has not been satisfactorily completed or that their goals
and intentions have not been achieved. Compulsive behaviors related to incomplete-
ness phenomena have the purpose of generating outcomes that will provide a sense
of task completion. Furthermore, the phenomenal state preceding compulsions can
be related either to “feelings of undesired end-state being achieved” or to “feelings
of desired end-state being unachieved.” The former may trigger avoidance strategies
while the latter may trigger adjustment behaviors. 

In both cases, dysfunctional outcome processing seems to be implicated in the
inconsistent experience of action. For example, neurobiological studies indirectly
suggest that incompleteness phenomena are related to an impaired ability to perceive
generated outcomes as being consistent with their internal representations; whereas
harm avoidance and responsibility may be related to an increased focus on potential
negative outcomes of action. Nevertheless, outcome processing plays an important
role in the experience of action, especially the mechanism that compares events
appearing upstream from action (i.e., outcome anticipation) with those occurring
downstream (i.e., generated outcomes) [12-17]. Hence, theories concerning sense of
agency offer a reliable context to understand the dysfunctional construal of self-
action in OCD. 

9.3 
Sense of Agency in OCD: Empirical Data

Several models of OCD highlight a possible disturbance affecting the experience of
control over one’s action or events. For example, Shapiro [41] suggested that compul-
sions in OCD reflect a diminished inner feeling of control (sense of autonomy), lead-
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ing patients to monitor their actions with a conscious effort. OCD individuals consis-
tently self-report experiencing a diminished sense of control in everyday life (i.e.,
self-perception of one’s ability to attain or avoid specific outcomes through one’s
actions) in several studies [42–44]. However, other studies showed that they can
experience a high sense of control [45] or have a higher need for control [46]. These
conflicting results have been interpreted as reflecting the fact that, in response to
their undermined sense of control, some OCD individuals may deploy compulsions
to regain control over their actions or over unwanted events [47, 48]. From this per-
spective, compulsive behaviors can be viewed as a way of artificially inflating affect-
ed individuals’ feelings of control, when the mechanism underlying a “naturally
occurring” sense of control breaks down [49, 50]. 

The experience of control is an important component of the sense of agency,
which depends on how an individual links an action to external outcomes [14]. An
action control mechanism may be crucial for assessing the extent to which one’s
actions produce the desired or expected outcomes; the process that compares the rep-
resentation of expected or desired outcomes to observed outcomes may be the most
important one in this context [12-17]. In everyday actions, people do not conscious-
ly compare “what they intended to do” with “what they actually did”; they only need
to access the results of the unconscious comparison, that is, a matching signal [12,
14]. However, mismatch signals may occur when the automatic action control fails to
guide and monitor an action until goal attainment (which may occur in everyday
behavioral situations in most people from time to time). This, then, causes the auto-
matic control to be passed back to a conscious monitoring of action in order to secure
goal attainment [14, 49]. However, if the conscious control also fails to guide actions
until the desired end-state, then it is more appropriate to abandon conscious monitor-
ing and even to momentarily set aside the pursuit of this goal. A recent theoretical
suggestion posits that, by contrast, OCD individuals are characterized by an inabili-
ty to relax inefficient conscious action monitoring, leading to the deployment of a
range of ways to achieve their goals [49]. To resume, the characteristic feature of
OCD is an abnormally low sense of control that may be compensated through com-
pulsive behaviors, which may have the effect of creating (artificially) a subjective
experience of control. From this perspective, OCD can be reasonably viewed as a dis-
turbance of the experience of the control component of the experience of action. The
studies presented in this paragraph provide a deeper understanding about the poten-
tial defective sense of agency in OCD, through impaired action control mechanisms.

The way in which individuals with OCD symptoms understand the relationship
between their actions and their related outcomes has been examined in the context of
action identification theory [51, 52]. This theory posits that any behavior can be
identified within a cognitive hierarchy of meanings. Higher-level meanings relate to
the desired goal and expected outcomes; lower-level meanings, however, represent
instrumental features and movement parameters. Vallacher and Wegner [51, 52] sug-
gested that the particular level at which an action is identified reflects the particular
representation (movement parameters vs outcome) on the basis of which the action is
conducted and monitored. Dar and Katz [53] explored the level at which patients
with washing symptoms identified the habitual act of washing their hands, compared
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to non-OCD controls. In their study, the authors used an item related to washing
symptoms (i.e., habitually washing hands). This act was associated with 22 items
varying in their level of abstraction (11 low-level items such as “I run water over my
hands”; 11 high-level items such as “I show responsibility to myself ”). Patients and
non-OCD controls had to indicate their degree of agreement with each item. Their
results suggested that patients conduct their rituals with a representation of goals and
outcomes that are too abstract (e.g., “I clean myself internally,” “I show responsibil-
ity to myself ”) compared to non-OCD controls. Furthermore, this study highlighted
the unusual purpose and outcomes that are related to such a basic action. The authors
suggested that OCD patients’ unusual representation of the act of hand washing is
related to their attempts to control potential harm. Clearly, there is no specific action
plan that allows one to avoid general threatening events and disasters (e.g., prevent-
ing a fire that may destroy the building). In OCD, this fact is compensated by asso-
ciating a basic action with idiopathic cues for safety; compulsions are then deployed
until those cues are encountered (e.g., a specific internal state such as diminished
anxiety); the identification of those cues as outcomes of one’s action may then pro-
vide a feeling (albeit illusory) that one’s actions can control meaningful life events.

Although the way an action is identified depends on several action-related fea-
tures (e.g., action complexity, degree of expertise, action disruption or error), people
tend to adopt a predominant level of action identification across behaviors (i.e., level
of agency [52]). Thus, the level of agency refers to the preferential level at which
actions are generally identified. People with a low level of agency tend to focus on
movement parameters, including sensorimotor consequences of actions, and people
with a high level of agency focus on abstract goals and on the implications of behav-
iors. Belayachi and Van der Linden [54] examined the relationship between OCD
symptoms (i.e., checking and washing symptoms) and the level of agency (i.e., the
preferential level of action identification) in non-clinical participants. In this study,
participants were presented with 23 items, each of which consisted of an everyday
action (e.g., locking a door) followed by two alternatives or “identities.” One was a
low-level depiction of the action (e.g., putting a key in the lock) and the other depict-
ed the action at a high level (e.g., securing the house). Participants had to choose the
alternative that best described each action. The results suggested that checking symp-
toms were related to a general tendency to identify actions mainly in terms of their
procedural aspects and motor components, rather than according to the related out-
comes. This is in agreement with the idea that doubts about the performance and rep-
etition of action (which characterize checking) are related to the focus of “attention
to low-level gestural units of behavior rather than to goal-related higher-level units
that are normally used in action flow parsing” ([55], p. 1). Furthermore, Vallacher
and Wegner [52] showed that focusing on movements during an action, and not on the
goal, might impair action regulation by promoting abnormal “signals of inconsisten-
cy and error,” particularly during routine actions. Overall, this fits with the idea that
OCD symptoms related to incompleteness phenomena (i.e., checking) are connected
with an impaired action monitoring mechanism that may inconsistently generate mis-
match signals or that is not able to generate a matching signal [56]. In addition, the
low level of agency was specifically related to checking symptoms, as compared to
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washing symptoms, which were not related to any particular level of agency. Thus,
the high level of action identification observed in the Dar and Katz study seems to
be specific to patients’ related concerns and compulsions. 

Two studies directly examined the sense of control component of sense of agency
in OCD symptoms. First, Reuven-Magril, Dar, and Lieberman [50] investigated the
potential relationship between the illusory experience of control, compulsive-like
behavior, and OCD symptoms in both non-clinical participants and OCD patients.
They used a preprogrammed sequence of neutral and aversive images for this pur-
pose. In this task, the participants had to attempt to control and shorten the duration
of the image presentation (i.e., desired outcome) by finding the right combination of
key presses (i.e., action). Their perceived level of control was assessed at various
points during the task. Participants did not have any actual control over the duration
of the stimuli. Indeed, the presentation time gradually increased (i.e., increased dis-
crepancy between desired and actual outcomes) throughout the first half of the task
and then gradually decreased for the remaining stimuli (i.e., increased matching
between desired and actual outcomes). The results showed that OCD symptoms in
both clinical and non-clinical populations (regardless of OCD subtype) were related
to more compulsive-like repetitive patterns of action (i.e., using the same key press-
es) and to an increased (illusory) sense of control for aversive and, to a lesser extent,
neutral stimuli. The authors reasonably interpreted their results as consistent with the
idea that compulsions must be viewed as conscious attempts to inflate OCD individ-
uals’ feelings of control over aversive events (i.e., an effortful control). Moreover, the
relationship found between inflated sense of control for neutral stimuli and OCD
symptoms has been related to the high need for control that characterizes some OCD
individuals (i.e., the general motivation of being able to exert control over events).
Furthermore, a higher illusory sense of control in OCD individuals suggests that they
overestimate the extent to which their actions can control events. This is consistent
with the phenomenology observed in cases of exaggerated threat anticipation and
inflated responsibility, expressed as the “belief that one has a pivotal power to bring
about or prevent subjectively crucial negative outcomes” ([23], p. 111). 

In a later study, Belayachi and Van der Linden [57] specifically examined the
mechanism that may be involved in the “naturally occurring” feeling of control over
outcomes that match expectations, in non-clinical participants with OCD symptoms.
The study was based on the assumption that an unconscious comparing mechanism
that grasps a correspondence between expected and actual outcomes underlies the
subjective experience of control (in effortless situations). This mechanism was
explored with a task in which participants were made to feel that they cause an (actu-
ally uncontrollable) outcome, because this outcome was subliminally primed (emu-
lating outcome anticipation) before the participants acted [12]. Subliminal priming
of outcomes is thought to mimic the automatic activation of the representations of
action effects before the action, while simultaneously preventing conscious aware-
ness of these thoughts. In this task (the Wheel of Fortune task), the participant and
the computer each moved a square in opposite directions. The participants’ task was
to press a key (i.e., move) to stop the motion of the squares (i.e., “actual outcome”),
and subsequently to determine whether they or the computer caused the square to

9 Looking for Outcomes:The Experience of Control and Sense of Agency in Obsessive-compulsive Behaviors 163



stop in the observed position (i.e., agency judgment). In reality, the participants had
no control over the movements of the square. The outcome was arranged to not rep-
resent either the participants’ or the computer’s real stop position. In half of the tri-
als, the square position to be presented was primed just before the participants
stopped the motion of the square (i.e., prior thoughts about expected effect). The
results showed that effect priming significantly enhanced feelings of control over the
rapidly moving square, as participants experienced stronger feelings that they caused
the square to stop in the presented position, on primed trials. Under these conditions,
participants with checking symptoms experienced lower feelings of control in both
primed and non-primed trials. This effect was found to be specific to checking, and
not for the other OCD dimensions, and remained when comorbid depression was
controlled for. The authors interpreted those results as being consistent with the
action monitoring dysfunction hypothesis, according to which an inability to gener-
ate a consistent matching signal may lead to incompleteness phenomena. In addition,
this unconscious perception of a match between expected and actual outcomes may
constitute an important cue for goal satisfaction and subsequent action closure in
everyday behaviors [12, 58–60]. Yet, an attenuation of this phenomenal cue may
explain why checking individuals frequently experience incompleteness and doubts
about the goal achievement. Thus, checking compulsions could be behavioral adjust-
ments expressed in order to receive more convincing (explicit) cues about actual goal
completion or to experience completeness (i.e., “just right” feelings). Finally, there
was no association between OCD symptoms and illusory sense of control, in contrast
to the link observed between illusory sense of control and OCD symptoms (regard-
less of OCD subtype) in the Reuven-Magril et al. study [50]. These patterns of results
have been interpreted as confirming the idea that illusion of control in OCD is con-
nected to a conscious effort to obtain such subjective effects (i.e., compulsive-like
behaviors), a situation that was not allowed by the paradigm used in our study. 

9.4 
Summary and Discussion

Two studies have explored the way individuals with the most representative OCD
symptoms (checking and washing symptoms) construe the outcomes of their actions,
by assessing the level of action identification [53, 54]. The results of both studies
suggest that checking symptoms are related to a tendency to identify various com-
mon actions at a low level of action construal (i.e., according to movement parame-
ters rather than goal and outcome aspects [54]). On the other hand, washing individ-
uals were found to identify their highly familiar act of washing hands at a higher
level than non-OCD controls (i.e., a higher level of action identification [53]),
although such an outcome-related identification actually reflected the fact that, com-
pared to non-OCD controls, patients endorsed more magical and unusual outcomes
depicting washers’ concerns (e.g., “I clean myself internally”). This could explain
why washing symptoms were not found to be related to any particularly high level of
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identification for various habitual actions [54]. Although comparably defective
action processing has been observed in both sub-clinical and clinical OCD [11, 33,
61, 62], one could argue that the use of non-clinical participants in the Belayachi and
Van der Linden study and of clinical participants in the Dar and Katz study also
account for the divergent results concerning washing symptoms. 

Although these data are preliminary and must be interpreted with caution, the
patterns of results are rather consistent with the idea that defective outcome process-
ing may be related to OCD, and that it may be differentially affected across OCD sub-
types. Indeed, washing symptoms may be specifically motivated by harm avoidance
[26], while checking symptoms may be particularly related to incompleteness expe-
riences [26, 27]. By extrapolation, the results of the Belayachi and Van der Linden
and Dar and Katz studies could suggest that incompleteness implies a lack of pro-
cessing of actual outcomes generated by actions; harm avoidance, on the other hand,
may be related to inconsistent processing of unrelated events that are misinterpreted
as resulting from one’s actions. Interestingly, the level at which action is identified
may determine the extent to which people experience a feeling of control for out-
comes that match expectations [63].

Consistently, the results of two studies [50, 57] that investigated the sense of con-
trol in persons with OCD symptoms can be interpreted along the same lines.
Participants with OCD symptoms (regardless of OCD subtype) may be characterized
by an increased illusory sense of control in compulsive-like situations (i.e., when
their actions are directed towards effortful attempts to control an event [50]).
However, only individuals with checking proneness appeared to experience an under-
mined sense of control in routine-like situations (i.e., when their actions are sup-
posed to be automatically controlled, rather than under conscious monitoring [57]).
This latter result is consistent with the van der Weiden et al. [63] study in which peo-
ple with a low level of agency were also found to be less prone to experience the illu-
sion in the Wheel of Fortune task. The authors suggested that these results reflect sit-
uations in which people have an intention to generate a specific outcome but lose
track of this intention in the course of action because they did not keep a high-level
representation as they monitored the action at a lower level; consequently, they may
lack experience of control and agency for the intended outcomes they have yet pro-
duced. Overall, a chronic low-level of agency [54] and related undermined sense of
agency [57] in individuals with checking symptoms could explain the repeated enact-
ment of routine actions regardless of the obvious achievement of the goal.

In the study of van der Weiden et al. [63], people with a high level of action iden-
tification were found to be more prone to experience the illusion of control. This is
consistent with the illusion of control in OCD individuals observed in the Reuven-
Magril et al. study, but not with the absence of association between OC symptoms
and an increased experience of control in the Belayachi and Van der Linden study
(i.e., illusion of control, as measured by using the Wheel of Fortune task). It is rather
difficult to compare these studies as the task used in each one differed in terms of the
kind of experience of control it assessed. Indeed, a recent article on the contribution
of sense of control to sense of agency proposed to distinguish between the “sense that
one has to exert control to generate and maintain an appropriate action program” and
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the “sense that one feels in control of an action” ([14, p. 20). Accordingly, the basic
“sense that one feels in control of an action” only requires access to the result of the
unconscious comparisons between predicted and actual states (“effortless control as
for routine or automatic actions” [14]). On the other hand, the importance of mental
and behavioral attempts and the adjustments necessary to reduce the discrepancies
between expectations and outcomes may underlie a distinct form of experience of
control (i.e., “sense that one has to exert control to generate and maintain an appro-
priate action program” as would be the case in disrupted or unfamiliar actions). In
such effortful situations, the conscious effort itself may enhance the impression that
one is engaged in and causing actions. 

In light of this theoretical framework, we could argue that the illusion of control
task used in the Belayachi and Van der Linden study elicited a sense of effortless con-
trol (i.e., predominantly based on automatic and unconscious processes of compari-
son), similar to that observed during non-conscious goal pursuit [12, 13].
Interestingly, no OCD symptoms were found to be correlated with an increased expe-
rience of control; moreover, only the checking symptoms were related to an under-
mined sense of control. This result is in agreement with a recent study in which self-
reported low sense of control was found to be particularly related to checking symp-
toms [48]. In the task used by Reuven-Magril et al. [50], feelings of control were pre-
dominantly elicited by the effortful control situation created by the design of the task.
Overall, this is consistent with a recent theoretical suggestion that compulsions are
conscious attempts to regain control over action when automatic action monitoring
fails to guide actions to the desired outcome (e.g., when the goal is too abstract [49]).

Thus, some empirical evidence seems to confirm Salkovskis’s [23] assumption
that harm avoidance and inflated responsibility might be construed as an illusory
“perception of self-agency” It should be noted that the illusory sense of control
reported by Reuven-Magril et al. [50] may highlight the phenomenon whereby com-
pulsive-like behaviors allow OCD individuals to regain control over unwanted out-
comes (e.g., aversive image) rather than the phenomenon in which they need to con-
trol, and they experience responsibility for anticipated outcomes. Indeed, a key fea-
ture of harm avoidance and responsibility phenomena is the exaggerated anticipation
of negative outcomes and the belief that doing nothing to avoid those outcomes is
similar to causing premeditated harm. 

Interestingly, perceived premeditation may stem from any anticipation-like men-
tal content (such as foresight, effortful forethought, wishful thinking, and the consid-
eration of multiple possible outcomes of action). Therefore, such actions would lead
people to feel responsible for those outcomes and to think that they are under person-
al control [64]. This counterfeit perception of self-responsibility and personal control
may occur despite the obvious irrelevance of premeditation and overt behaviors, and
despite the absence of any causal relationship between premeditation and observed
outcomes [64]. For example, non-clinical participants can experience control and
agency for observed outcomes that match prior conscious thoughts, even when the
causation appears to be magical and when the thought-about outcome is viewed as
undesirable [65]. Thus, future studies should explore the relationship between harm
and responsibility phenomena, and the overestimation of personal influence in the
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occurrence of magical and/or threatening outcomes in a laboratory context.
As for incompleteness, the possible involvement of an impaired unconscious com-

parison mechanism fits with the idea that “not just right” experiences and incomplete-
ness form a fragmented subjective experience resulting from the inability of action
monitoring to generate consistent matching signals [56]. An alternative explanation of
Belayachi and Van der Linden’s [57] results is that checking, which is related to
incompleteness phenomena, is linked to an abnormal access to motor and propriocep-
tive signals, due to low-level action identification (i.e., a predominant focus on sen-
sorimotor features). Those signals are normally filtered and not consciously perceived
[66-68]. Indeed, those signals play a minor role in our experience of action when we
naturally focus on abstract outcome information allowing for goal achievement.
However, a predominant focus on movements (i.e., low level of agency) may lead the
experience of action to be mainly based on proprioceptive information [14, 69]. 

Conversely, it is possible that OCD individuals who feel a sense of incomplete-
ness have an undamaged comparator mechanism, but their ability to interpret match-
ing signals at a cognitive level is impaired [e.g., 59]. This may prevent them from
feeling success when the expected outcome is achieved. It has consistently been
demonstrated that priming knowledge of success alone can increase feelings of con-
trol to the same extent as priming of action effects [70]. Hence, it would be interest-
ing to see whether priming the concept of success increases feelings of completeness
for checking individuals. Future studies should explicitly explore this possibility in
OCD individuals who experience incompleteness phenomena.

9.5 
Conclusions

The symptoms of OCD can be classified according to the extent to which they are
dominated by an increased sense of responsibility for random negative events (i.e.,
harm avoidance) or by peculiar sensory phenomena, preventing one from experienc-
ing a sense of task completion (i.e., incompleteness). Accordingly, OCD individuals
may re-enact certain actions until they obtain an outcome that informs them that they
have achieved control over potential harm or until they integrate the generated out-
come as consistent with the intended one. Overall, the data are consistent with the
assumption that the concerns of OCD individuals regarding harm avoidance and
inflated responsibility are related to an illusory “perception of self-agency” [23].
Those with incompleteness features may be characterized by an undermined sense of
control, in connection with a comparator dysfunction [11, 56]. 

Throughout this chapter, we have tried to demonstrate how OCD can be reason-
ably understood as a disturbance of agency and to point out that the distinct patterns
of the phenomenology of action and underlying mechanisms must be carefully stud-
ied. In both the incompleteness and harm avoidance phenomena, it is the way in which
expected outcomes are compared to observed outcomes that may underlie the
impaired experience of control. However, impaired unconscious comparisons could be
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related to a low feeling of control in incompleteness; in harm avoidance, on the other
hand, dysfunctional beliefs and cognitive-related dysfunctions may account for an
undermined sense of control, which also entails conscious attempts to regain control. 
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10.1 
The Sense of Agency and the Sense of Ownership as Components 
of Self-consciousness

Some features of human experience contribute to a person’s self-consciousness as the
“ability to represent one’s own bodily and mental states as one’s own states” [1].
Although some aspects of this ability are phenomenologically the same, they are het-
erogeneous on both the functional and the representational level. Experienced phe-
nomena involved in self-consciousness are the sum of one’s own experiences, the
perspectivity of these experiences, the sense of ownership of one’s own body parts,
the sense of agency of actions, the sense of authorship of thoughts, and the trans-tem-
poral integration of all this into autobiographical knowledge [1]. These aspects high-
light the psychological, physiological, and neural mechanisms involved in bodily
experience and important for self-consciousness.

The agency of actions can be defined as one form of bodily self-consciousness,
because it contains the idea that someone perceives him/herself as the agent of action
[2]. By extension, the sense of ownership of one’s body parts (body ownership) is
defined as the feeling that my body belongs to me [3]. Body ownership therefore
contributes to self-consciousness since it represents the continuous experience relat-
ed to the feeling of belonging to one’s own body which, in turn, contributes to self-
representation.

According to Gallagher [3], the self can be defined through two different con-
cepts representing two aspects of self: the minimal self and the narrative self. The
minimal self is self-consciousness as an immediate subject of experience without
temporal continuity; it can be seen as a pre-reflective point of origin for action, expe-

Neuropsychology of the Sense of Agency. Michela Balconi (Ed.)
© Springer-Verlag Italia 2010

173

Body and Self-awareness: Functional 
and Dysfunctional Mechanisms 

M. Balconi, A. Bortolotti

10

M. Balconi (�)
Department of Psychology, Catholic University of Milan, Milan, Italy



rience, and thought as well as a privileged veridical knowledge about what is identi-
fiable with the pronoun “I.” This aspect of self means that we cannot make a mistake
about the person to whom we are referring to (immunity principle) [4]. It is limited
to what is accessible to immediate self-consciousness since it is not conceptual and
is linked to a first-person perspective. Cognitive processes do not mediate the first-
person experience with known criteria for judging the experience of being myself.
However, not all thoughts about the self can be identified for their independence with
respect to semantic identifications or identity criteria. Not only can the same proper-
ty be attributed to oneself through different ways of knowing [5], but there is also a
difference between having a mental or physical state and the acknowledgment that
one has that state. 

The second, narrative self is the self-image that originates from the stories of
oneself; it is linked with the past and the future and is therefore extended in time [3].
This form of self allows past and future actions to confer a general coherence in
terms of goals, causes, projects, and general guidelines. The narrative self was
defined by Dennett as a “center of narrative gravity,” with the constant purpose to
build models, as representations of self, and to make variously modifiable connec-
tions. The concept of narrative self emerges in psychology from Neisser’s concepts
[6] of extended self and conceptual self, the former connected to significant past
experiences and future expectations and the latter related to the set of assumptions or
sub-theories concerning social roles, body, mind, and self-assigned features. These
concepts, originally explained in terms of memory, have earned renewed considera-
tion in the context of language and the role of narrative in the development of one’s
own self-concept [6]. Moreover, neuropsychological evidence that mental processes
are distributed across various brain regions does not support the possibility of a real
center of experience. However, broadly speaking, the left hemisphere is responsible
for generating narratives, using the interpreter [7]. The autobiographical fact and the
inventive fiction are together considered by this mechanism that produces a sense of
a continuous self. The interpreter does not produce a false self because it makes
sense of what actually happens to the person. Gallagher [3] proposed a model in
which the extended self is decentered and distributed and conflicts such as moral
indecision and self-deception are considered (see also Chapter 1). 

10.2 
The Sense of Body Ownership vs the Sense of Agency 

The minimal level of self-awareness is related to two other aspects of self: the sense
of agency, which is the sense that a particular someone is causing an action, and the
sense of ownership, or the sense that a particular someone is undergoing an experi-
ence. The sense of self-ownership is not vulnerable to the influence of predicted and
actual feedback of actions, unlike the sense of self-agency. This fact supports the idea
of the independence of these two senses of self [8]. 

Synofzik and colleagues [1] defined the sense of agency and the sense of owner-
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ship as phenomenal experiences of the “mineness” of actions that are present in the
non-conceptual representation of oneself as agent. The sense of agency and the sense
of ownership coincide and are indistinguishable in the normal experience of volun-
tary action. Nevertheless, in passive movements, the sense of agency and the sense
of ownership are dissociated: the sense of ownership is implicated in the sense of
agency but not vice versa, because only the sense of agency needs self-generated
movements [9]. 

Thus, body ownership is present not only during voluntary actions (sense of
agency) but also during passive experience. This implies that the sense of ownership
triggers different forms of body awareness, depending on the presence or absence of
the sense of agency [9]. In particular, the sense of body ownership is the experience
that allows us to affirm “that is my movement” or “I’m the subject of the movement”
[10]. It is a pre-reflective sense that does not require an explicit, observational con-
sciousness of the body or an intentional consideration of the body as an object. The
body is not regarded as an object of experience but it does represent the subject of
experience [11]. This concept is evident in the finding that judgment of agency does
not include the process of recognition of oneself as oneself [10]. Bodily self-knowl-
edge, in the sense of ownership, is identification-free, relies directly on the proprio-
ceptive system and therefore is immune to error through mis-identification [12]. In
fact, proprioceptive self-ascription does not demand identification of the body as
one’s own, unlike the visual self-ascription of bodily properties. The sense of owner-
ship can be defined as the first-personal perspective that allows me to feel that my
own body is the source of sensations [13]. According to Gallagher [3], body owner-
ship is the feeling of one’s body belongs to oneself, and this feeling is present in
human mental life.

The sense of agency and the sense of ownership can be distinguished both in
first-order experience and in higher-order consciousness [9]. Nevertheless, the sense
of ownership, as the sense of agency, has a representational structure, a multi-level
framework that gradually increases in representational and functional complexity:
from basic non-conceptual sensorimotor representations to conceptual representa-
tions of agency and ownership [1]. Both phenomena originate from a combination of
afferent sensory signals and efferent motor signals [9]. The sense of agency and the
sense of ownership are probably generated by low-level sensorimotor processes that
enable a person to be aware of momentary representation of one’s ownership of body
parts. This is possible because a system registers sensory inputs as the inputs of one’s
own body [1]. 

10.3
The Sense of My Body as Mine: A Threefold Perspective

In the individual’s relationship with the world, information regarding one’s own body
and the position of objects in space is processed through various sensory modalities.
This information is retained in the person’s mind in terms of his own position and
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those of the considered objects. The basis of this ability is the perceptual processing
of signals from different senses and the planning and execution of motor acts. Body
and objects are distinguishable with respect to their processing as special patterns of
intersensory information [14].

According to Tsakiris and coworkers [1], it is possible to distinguish among dif-
ferent forms of bodily self-representations: feeling (perceptual representation of
body), judgment (propositional representation of the body), and meta-representation
of the body (Fig. 10.1). Thus, at the level of feeling of ownership, a non-conceptual
representation of one’s own body can be built in response to proprioception and visu-
al feedback, which are integrated with a pre-existing body schema. Low-level senso-
rimotor processes, understood as “ownership indicators” or bottom-up inputs, allow
a person to represent his self as owner of his own body parts. This aspect of the sense
of ownership also includes a non-sensory top-down component that mediates the sen-
sory bottom-up inputs [15]. If ownership indicators are congruent, the experience of
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Fig. 10.1 Levels of the sense of ownership as a form of bodily self-representation. (Partially modi-
fied from Synofzik et al. [1], with permission)



bodily ownership will confer a diffuse feeling of a coherent, ongoing flow of bodily
experiences. The experience of being the owner of one’s body occurs beyond con-
sciousness. It can be defined as a feeling of ownership in which neither internal pre-
diction nor the comparator mechanism is triggered, unlike the feeling of agency [1].

The idea that we can have a sense of feeling of ownership refers to Damasio’s
concept of “background feeling” as a temporary state of the organism, a perception
of the state of the body as a whole [16]. According to Damasio [16], conscious
knowledge that each part of my body is my own is not constantly renewed, but it is
impossible to think that the corporal state assumes a permanent place in one’s con-
sciousness. The sense of body is always present, even if it is not noticeable: it is not
a specific part of something, but a comprehensive state. It is possible that we per-
ceive the corporal state of ourselves every time because of a conscious re-mapping
of proprioceptional information. The continuity of this feeling is linked to the idea
that the human organism, its structure, and the feeling of both are continuous
throughout life.    

It is possible that there is an explicit judgment of body ownership and it defines an
interpretative assessment about the awareness of being the owner of one’s own body.
On this conceptual level, different cognitive ownership indicators concur to yield a
definition of bodily ownership as a processed component. Conceptual capacities,
belief stances, intentions, and contextual cues accompany an interpretative judgment
of body ownership and they permit the process of ownership attribution. The judge-
ment of ownership is important since its disruption leads to neurological pathologies,
such as alien limb phenomena or somatoparaphrenic delusional belief [1].

The third level, the meta-representation of ownership, illustrates the ability of the
sense of body ownership to extend itself. Certain ideologies, background beliefs, and
socio-cultural norms are not proper parts of body but can be seen as extensions of
body ownership. In fact, when used extensively, these “objects” could be integrated
into the body schema, implying that the meta-representation of ownership is an
extension of the body’s boundaries beyond its physical self to include socio-norma-
tive attribution. The meta-representational level allows us to introduce a discussion
about the brain’s potential to include certain extracorporeal objects that maintain a
systematic relationship with the body itself. Plastic changes of body image are not,
however, the product of passive changes that take place in response to proprioceptive,
kinesthetic, or visual input per se [17]; instead, they are tightly linked to an active
and purposeful use of certain “tools” as physical extensions of the body.

Although the sense of ownership is determined by the voluntariness of a physical
act, visual and proprioceptive afferent signals and efferent motor signals are impor-
tant for the experience of being the owner of one’s own body [18]. Afferent and effer-
ent aspects of the moving body can influence the sense of ownership [13], with effer-
ent information playing a supplementary role in the constitution of a coherent bodi-
ly experience. This effect emerges from research conducted by Tsakiris and col-
leagues [13]. Their results showed a similar effect for two different experimental con-
ditions within a kinesthetic paradigm equivalent of the rubber hand illusion (RHI), in
which the perceived position of one’s moving finger drifts towards a synchronous
video image of the hand (seen on a 15-cm video screen) far from the real hand. 
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In this experimental paradigm, subjects are confronted with two different conditions:
an active condition, in which the subject’s finger is moved actively by the subject
himself, and a passive condition, in which the same action occurs passively, with the
subject’s finger being moved by the experimenter. While in the passive condition
only the stimulated finger is perceived to be closer to the video-projected hand, in the
active condition not only the stimulated finger but also the unstimulated index finger
is perceived as being closer to the projected hand image. These data suggest that
efferent information of the active condition does not elicit fragmented body owner-
ship but integrates the bodily experience. It is possible to argue that there are multi-
sensory and sensorimotor mechanisms for the global representation of the body and
that they are the outcome of integrated processes, including those extending beyond
representations of certain body parts [18]. Efferent information influences body own-
ership since it unifies the body as whole [19].

10.4 
A Spatial Hypothesis of Body Representation 

The perception of one’s own body is an essential requirement for one’s interactions
with the outside environment and it can be seen as contributing to self-consciousness
[20]. In fact, the basis of spatial cognition is to be found in the constant interaction
of the human body with the world in which it is inserted. As noted above, spatial cog-
nition keeps track of the body’s position and that of objects. The basis of this ability
is the perceptual processing of signals from different senses together with the plan-
ning and execution of motor acts. This sensorimotor information give shape to inter-
nal representations of one’s own body and of the objects around it in space. 

If body ownership can be defined as the immediate and continuous experience of
the feeling that one’s own body belongs to oneself [21], then embodiment can be seen
as the experience in which the self is localized within one’s own body and at a cer-
tain position in space [22]. Bodily experiences are made up of descriptive content
and spatial content. The former refers to the body proper as consisting of the com-
ponent body parts while the latter assigns a specific location each part [23].
According to De Vignemont [19], the sense of ownership derives from the spatial
representation of the body, from the localization of a bodily sensation on a map of
the body. This view can be applied to define the sense of embodiment. 

This idea of the sense of ownership was expressed by Martin [24] as the bodily
experience of the boundaries of one’s own body: the spatial structure of bodily sen-
sations is connected to somatosensory experience within the boundaries of the body.
However, this view is limited because not only somatosensory representation of one’s
own body can emerge from bodily experience [19]. The alternative is to understand
bodily experiences as being based on a multimodal representation of the body that is
used to designate a set of interconnected perceptual and motor functions essential for
the performance of other functions, including the perception and localization of
somatic stimuli, the planning of actions, and body awareness [25]. Against this back-
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ground of a multimodal representation of the body, it may be possible to understand
bodily sensations [19]. The consequences for the sense of ownership are linked to the
consideration that it results from the tactile property within body representation,
which is constructed on the basis of the available information (from vision, touch, or
proprioception). 

Nonetheless, although the sense of ownership results from bodily sensations, this
does not mean that it cannot be influenced by other sources of information. The body
can be an object viewed from different perspectives and described in terms of its dif-
ferent properties. The above-mentioned RHI is evidence of this multimodal charac-
terization, because it demonstrates that vision is an important aspect for the bodily
experience of ownership (see also Chapter 6, Par. 6.1). Since the body schema is
embedded in one’s body perception and the sense of ownership is given by the body’s
spatial content, the body schema can be seen as contributing to the sense of owner-
ship [19]. The body schema, in fact, can be identified with an unconscious function-
al sensorimotor map of the body that provides the essential information needed to
move one’s own body. In this map, bodily contents are aspects of the relationship
between the various parts of the body, individually and as a whole. Since it represents
only aspect that it considers as belonging to one’s own body, the body schema is first-
personal. 

Moreover, the body schema represents the acting body because of its involvement
in performing an action and in reaching a goal. In this view, the map of the body, as
part of the body schema, could be the basis of ownership because it can localize bod-
ily sensations. This is supported by the evidence that patients with “numbsense,” i.e.,
lacking a sense of touch for a particular body part, can localize sensation accurately,
pointing to the location of the touch. The explanation for this may lie in the RHI par-
adigm and, relatedly, the role of the body schema for the sense of ownership.
According to De Vignemont [19], the RHI occurs because of an illusory sense of
ownership of the rubber hand. This conclusion implies that a representation of body
movement can be used to elicit a sense of ownership, and a representation of the
image of the hand included in the body schema can be used to achieve the same
effect, i.e., a sense of ownership of the hand. The role of the body schema in the sense
of ownership is also demonstrated by the experiences reported by some people with
a prosthetic limb. The prosthesis experience can generate a sense of ownership in
which the artificial limb substitutes for the missing limb in the body schema. This
adoption of the prosthesis determines a feeling of ownership in a way that is useful
for motor control. 

Carruthers [26] criticized de Vignemont’s model, stating that, while this para-
digm may be regarded as model of the self-conscious sense of embodiment, it is not
a model of the experience of one’s body attributed to oneself nor does it show how
the integration of bodily maps into the body schema is sufficient to elicit a sense of
embodiment in a virtual hand or prosthetic limb. As an alternative model, Carruthers
[26] proposed an offline representation of body image as underlying the sense of
embodiment. Indeed, embodiment, primarily used for self-recognition, is based on
both online and offline representations of the body. These two different representa-
tions of the body experience differ in terms of their origin and content. Online 
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representations are generated by sensory input and reflect the body’s current status.
They allow online control and monitoring of body configurations. Offline represen-
tations are built by online representations and reflect the way in which the body is
usually. Thus, they encode more permanent aspects of the body, such as its structure
and its typical motor features. Carruthers argued that only offline body representa-
tions underlie the sense of embodiment. Starting from several body-related neurolog-
ical and psychiatric conditions, such as anosognosia for hemiplegia and body integri-
ty identity disorder, he defined the sense of embodiment as the result of the integra-
tion of various types of offline representations with visual and emotional informa-
tion. By contrast, online representations are not necessary and are not sufficient for
embodiment. 

Carruthers’ critique of de Vignemont’s model provides further insight into spatial
hypotheses of body representation, not that it is also exempt from critique. Indeed,
Tsakiris and Fotopoulou [27] expressed several doubts about the Carruthers’ model
[28]. They highlighted that embodiment is not primarily for the purpose of self-
recognition because it also plays a role in the process of distinction between self and
the external world. Moreover, they argued that online/offline representations are
more complex. First, the idea of a “direct” process in online representation must con-
sider that multisensory perception is not merely a registration of peripheral inputs
but involves the interpretation of sensory inputs in the context of a rich multisenso-
ry model of the body and the use of these inputs for an online representation of the
body in space [29]. Second, it is possible to form an offline representation of the
body without a previous online experience or sensation. Third, it is incorrect to
assume that offline representations cannot modulate online representations; for
example, in the case of a phantom limb, peripheral information is interpreted with
reference to an offline model of the body’s structure that continues to exist even in
the absence of the limb. According to Tsakiris and Fotopoulou [27], the Carruthers’
model is incomplete because  it avoids the role of temporality and spatiality by ignor-
ing the sense of our own body.

10.5 
Neural Substrates of the Sense of Ownership

As a neural and functional field of research, the feeling of body ownership is easily
investigated [9]. By contrast, the construct of body ownership is empirically difficult
to isolate and it may be confused with the sense of controlling one’s own body,
because agency corresponds to a strong element of body ownership. The results of
neuroimaging studies [30, 31] have underlined several neural correlates that account
for our own experience as one source of action and the experience of knowing some-
one else as another. According to Farrer and Frith’s experiment [30], in which an
action was identified as being either one’s own or that of an experimenter, to be
aware that I am the cause of an action is associated with anterior insula activation;
while the awareness that I am not the cause of the action, i.e., attributing the action
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to another person, likely involves activation of the parietal inferior cortex. This struc-
ture is thought to represent movements in an allocentric coding system that can be
applied to our own actions and those of others. 

The network implicated in the sense of ownership includes the somatosensory
cortex, the posterior parietal lobe, and the insula. Kinesthetic and emotional informa-
tion functioning related to homeostasis have been ascribed to the insula [32], while
more cognitive aspects, such as spatial organization and the general semantics of the
body, the relationship between the psychic self and the material body, and the distinc-
tion of one’s own body from that of others, are fulfilled by the posterior parietal cor-
tex [33, 34]. Thus, the parietal lobe may be involved in the experience of sense of
agency since it is able to detect movements and to distinguish those made by our-
selves from those made by others [35]. Specifically, the superior portion of the pari-
etal lobe probably plays a role in maintaining one’s own body image. It integrates
synchronized visual and proprioceptive inputs to update the body image, while the
inferior parietal area detects the movements of others [34]. Tsakiris and colleagues
[9] showed that activation of the right posterior insular cortex during the RHI repre-
sents a sense of body ownership. Activation of the anterior insular cortex has been
implicated in human awareness. This structure is thought to be associated with a
somatotopic representation of feeling arising from movements as part of a wider rep-
resentation of all feelings related to and stemming from one’s own body [36]. It is
also involved in emotional aspects of body consciousness since insular lesions can
cause somatic hallucinations [37] and electronic stimulations near the insular cortex
can induce illusions of changes in body position as well as feelings of being outside
of one’s own body [38]. 

Farrer and colleagues [31] detected activation of the posterior insula in process-
es of self-attribution and, in particular, in correlation with the degree of congruence
between the different signals used to assign an action to oneself or to another.
Tsakiris and colleagues [9] recorded activation also in the absence of efferent infor-
mation and in correspondence with the integration of multisensory information in the
process of attribution of one’s body parts to one’s own self. The involvement of effer-
ent signals is unnecessary and only cortical activation is connected with body own-
ership. The latter emerges as a form of self-attribution for body parts, consequently,
implicating the insular cortex as a key component of bodily self-awareness [9]. 

In an fMRI study and using the experimental paradigm of the RHI, Ehrsson and
colleagues [39] showed activation of the bilateral ventral premotor cortex, left intra-
parietal cortex, and bilateral cerebellum. In particular, it would appear that the detec-
tion of correlated multisensory signals mediates the feeling of body ownership, due
to the role of the premotor cortex and cerebellum [40]. The premotor cortex prepares
the postural muscles for the start of the movement and orients the body and the arm
toward a stimulus [41]. Evidence for these functions is the large afferents from the
posterior parietal cortex and prefrontal lobe that provide the body with information
about its spatial orientation, and the cerebellum. In particular, the ventral premotor
cortex has cognitive and motor functions, with the latter determining the transition
from recognition of the intrinsic properties of an object to actions of the hand, and
from spatial localization to actions of the hand and arm [42]. Half of the motor 
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neurons of the ventral premotor cortex respond, in fact, to somatosensory stimuli and
approximately a fifth of them show visual feedback [43]. The more strictly cognitive
aspects of this cerebral area concern the perception of space, the understanding of
action, and imitation [42]. Bilateral activation of the premotor cortex seems to be
linked to the feeling of ownership, particularly of the hand, based on correlations that
are made with different sources of information [40]. This area of the brain, anatom-
ically connected with somatosensory areas, receives visual, tactile, and propriocep-
tive inputs in addition to achieving multisensory integration of this information.
Cerebellar activation occurs in the analysis of sensory information, including the
integration of different kinds of information about body representations [40]. The
cerebellum is not extensively involved in the detection of synchrony [39] but in pro-
cessing tactile information from two matched body parts, at the level of detection of
temporally correlated signals. 

Tsakiris and colleagues [9] pointed out that we can adduce a further cerebral dis-
tinction, in which attention is focused on conditions that induce the RHI or on the
lasting effect of sense ownership itself. Incorporation of a rubber hand into one’s own
body representation is reflected in activation of the right posterior insula and right
frontal operculum while the feeling of ownership related to the failure of this expe-
rience activates the contralateral primary and secondary somatosensory cortices. In
that study, the premotor area was not activated, in contrast to the findings of
Ehrsson’s group. This discrepancy may be explained by considering whether or not
both the sense of body ownership of the rubber hand and the conditions that lead to
it were included in the analysis. Thus, Ehrsson and colleagues considered the onset
of the incorporation process, and found activation of the premotor area. The results
of Tsakiris’ group suggest that the focus of that study was the steady state of incor-
poration, in which case the activity of the premotor cortex would be unclear. These
findings highlight the need for more detailed studies, during a longer period of stim-
ulation or, conversely, in which the analysis is limited to the onset of those process-
es that lead to the experience of body ownership.

10.6 
Disruption of the Sense of Ownership: Conscious and Non-conscious Body
Perception

Body cognition is bound to the integration of several levels of nervous activity, from
the analysis of primary somatosensorial afferences to the more complex processing
of self-awareness [25]. Some anatomico-functional features of body representation
are useful to understanding how certain neurological disorders and neuropsycholog-
ical pathologies damage the correct awareness of one’s own body [44]. 

The first feature of body representation is the integrity of primary sensorial affer-
ences, mainly concerning proprioception. Therefore, localization of a body part
requires not only a combination of afferent information but also a stored representa-
tion of the body [45]. The second feature is the multisensorial nature of body repre-
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sentation: the cognitive processes linked to somato-representation contribute to a
semantic knowledge and a distinct attitude about the body. Thus, somato-representa-
tion includes the lexical-semantic knowledge about one’s own body and the body in
general, configural knowledge about the body’s structure, the emotional and attitudi-
nal aspects of one’s own body, and the link between the physical body and psycho-
logical self [45]. 

Examples of experiences that contribute to the comprehension of the importance
of our own corporeal state include autoscopic phenomena [46], in which there is a
failure to integrate multisensorial information from one’s own body, resulting in a
feeling of disembodiment and the impression of seeing the environment and one’s
own self from an elevated and distant visuo-spatial perspective [47]. The entire body
can be disturbed systematically [48], including autoscopic hallucinations, heau-
toscopy, out-of-body experience, and feeling-of-a-presence. In autoscopic hallucina-
tions, patients see a double of their own body in extrapersonal space but they do not
self-attribute the illusory body or self-localize themselves at its position, as happens
in patients with heautoscopy [46]. In the case of out-of-body experiences, the local-
ization and attribution of the self with an illusory extracorporeal body are complete:
patients see their body from a disembodied location. Finally, in the experience of
feeling-of-a-presence there is not a visual illusion of one’s own body, but the illuso-
ry body is experienced as the body of another human. 

Autoscopic phenomena differ from each other in some respects. Thus, out-of-
body experiences and feeling-of-a-presence but not autoscopic hallucination can be
considered as vestibular disturbances. While all three phenomena are linked to a dis-
integration of personal space, only out-of-body experience and heautoscopy show a
disintegration of both personal and extrapersonal space. Consequently, out-of-body
experience and heautoscopy can be regarded as disorders in embodiment and body
ownership; while the feeling-of-a-presence is strictly a body ownership disorder, in
which the main brain regions involved are the premotor area, posterior parietal areas,
and the temporo-parietal junction [46, 49]. These phenomena demonstrate the impor-
tance of vestibular and multi-somatosensory processing in coding for embodiment
and body ownership.

Another essential feature of body representation is its stability and, as evidenced
by the phenomenon of a phantom limb (conscious persistence of the perception of a
limb or body segment, despite its mutilation, or the congenital absence), it can be
altered as well. Moreover, people who suffer amputation of a limb usually report that
the phantom limb can change in shape and size over time. Their experience of a phan-
tom limb can include the ability to describe in detail its posture and to move it volun-
tarily, as well as to report uncontrollable and painful sensations coming from it [50].

In contrast to this stable representation of the body despite de-afferentation, some
patients with brain lesions can testify to the presence of multiple body parts, in most
cases hands or feet [51]. The sensations are vivid, precise, and may differ depending
on the location of the cerebral lesion [25]. In cases involving parietal lesions, espe-
cially in the right hemisphere, the perception of a supernumerary limb might be relat-
ed to a somatosensory deficit combined with a lack of awareness. In patients with a
fronto-mesial lesion, there may be persistence in the activation of a premotor region
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following completion of a movement, resulting in the sensation that a supernumerary
limb is carrying out a movement, although the movement was already accomplished.
Claims of supernumerary limbs can coexist with a denial of hemiplegia and of the
contralesional limb, suggesting that negative (e.g., of not belonging to the body) and
positive (e,g., surplus limbs) symptoms arise from common mechanisms.

10.6.1 

The Rubber Hand Illusion: Evidence of Disownership Phenomena

As discussed throughout this chapter, brain mechanisms involved in the coding of
self-attribution for body parts in healthy subjects can be examined using the RHI.
During this experimental condition, erroneous self-attribution of the fake hand is
associated with errors in the localization of one’s own hand [15]. This paradigm is
therefore a useful model to isolate the pure sense of body ownership, in the absence
of movement and efferent information [9]. It would, therefore, release the sense of
body ownership from the sense of agency as these two senses coincide in voluntary
actions. Whereas body ownership shows the importance of interactions between
vision, touch and proprioception, the sense of agency requires the integration of
information concerning the body, the world, and efferent signals. The neural process-
es implicated in the sense of agency are the same as those responsible for the motor
aspects of action [10]. In the RHI paradigm, the passivity of the subject, i.e., the lack
of a sense of agency, can be exploited to bring out the sense of body ownership and
to reveal the basis of bodily self-identification. 

The RHI requires the congruency of visual-tactile and object stimulation with a
pre-existing representation of one’s own body, as the synchronous stimulation of the
real hand, hidden from view, and the rubber hand seems to produce coordination of
what subjects see with what they hear [52]. This experimental condition results in
displacement of the subject’s hand from the position in which he or she believes it is
in the direction of the artificial hand. The duration of the illusion is related to the
sensation of movement. The greater the visual and tactile synchronization, the more
the rubber hand is perceived as being one’s own [15]. 

The phenomenon of the RHI can be explained as an overlap between propriocep-
tive and visual input [14]. This overlap seems to result from sensory feedback relat-
ed to the self and it provides us with an awareness of the spatial position of specific
body parts. However, the phenomenon is not observed if the experimental conditions
are arranged such that there is stimulation of the left hand, with the rubber hand on
the right [15]. This argues in favor of the idea that the correlation of tactile and visu-
al perception is necessary but not sufficient for the sense of body ownership, which
for the RHI would require that the rubber hand moves within a general pre-existing
representation of body scheme [9]. A conflict between tactile and visual perception
causes activation of the right frontal cortex, which monitors the perception of body-
related sensory signals, and disappearance of the attribution of the rubber hand to
one’s own body [9]. The overlap only of the visual and proprioceptive maps is not
sufficient to generate the RHI. Instead, the modulation of body ownership, as seen in
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the RHI, may require the influence of top-down visual, proprioceptive, and function-
al processes of body representation [15]. 

Moreover, active movements appear to modulate body ownership, or rather the
localization of one’s body’s parts, beyond the stimulation applied in the RHI [13].
Body awareness is linked to proprioceptive awareness, which includes the conscious
experience of the location of a specific body part in space [13] and the definition of
body boundaries. Proprioceptive awareness allows us to explore objects and it guides
our movements. However, the feeling derived from seeing the rubber hand and the
tactile stimulation applied in the RHI involves more than just tactile and visual sen-
sations: there is a persistent phenomenological change in the representation of the
body. Thus, the RHI could generate an interaction between general body-scheme rep-
resentations and localized visual and tactile integration [15]. 

The interaction of the body schema in the sense of body ownership can be con-
sidered in light of the results of Ehrsson and colleagues [39]: if the rubber hand is
oriented 90° or 180° to the hand of the subject, the illusion fails. This result suggests
that body ownership derives (at least in part) from its integration with the body
schema, that is, the model of one’s own body as an entity capable of assessing pos-
tures and movements. Body ownership, then, would seem to require integration of the
interconnected perceptions and motor functions that are essential for the perform-
ance of various functions, including the perception and localization of somatic stim-
uli, the planning of actions, and body awareness [25]. Ultimately, if the object of
experimental condition is a shapeless piece of wood and not a rubber hand, the illu-
sion is reduced [15], suggesting that body ownership also requires integration of an
appropriate body image. 

10.6.2 

Other Body Impairments: Neuropsychological Disorders

Neuropsychological disorders about body ownership include the incapacity to point
to specific body parts (autotopagnosia) or, more commonly, a lack of body awareness
(somatoparaphrenia, unilateral personal neglect, or hemisomatoagnosia). 

Autotopagnosia is an unusual clinical disorder that is caused by focal lesions in
the left parietal or occipito-parietal regions, specifically, in the language-dominant
hemisphere [25]. In the experimental paradigm of Denes and colleagues [53],
patients with autotopagnosia were asked to describe pictures of body parts or solid
objects located in different positions and shown sequentially. Performance was poor
only for the task requiring a description of body parts, suggesting that this disorder
is linked to the incapacity of conscious access to the representation of spatial rela-
tions between body parts. Another study [54] reported similar findings in an experi-
mental paradigm in which the patient was asked to compare pictures in which body
parts and objects were placed at different angles, and visually degraded pictures of
body parts and objects. Performance was better for the description of objects in both
tasks, leading the authors to conclude that autotopagnosia arises from a lack of
access to the structural description of the human body.
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Schwoebel and colleagues [55] underlined, through a single case study, some
interesting aspects of autotopagnosia: (1) very poor localization of tactile stimuli, (2)
the proximity of the touched body part as an important factor in the sequential dis-
crimination of stimuli, and (3) rotation of the body axis as a negative factor in the
patient’s ability to touch the body at the stimulated point. The authors argued that
their patient with this disorder was unable to code the position of body parts in an
egocentric coordinated system; instead using an esocentric coordinated system. Also,
simple tasks involving the body need representational mediation, require spatial and
functional interpretation, and are independent from the representational mediation
for complex objects. This representational mediation is localized in the parietal lob-
ule and lateralized to the same side as language. Thus, patients with autotopagnosia
have access to the semantic meaning of the various body parts, are aware of their
body, and are capable of using the body surface as a spatial map, but fail to locate
the spatial position of individual body parts [25].

An additional example of neuropsychological impairment characterized by poor
body ownership without an explicit link to the representation of extrapersonal space
is personal neglect. This disorder, in the form of hemisomatoagnosia, suggests a spe-
cific alteration in the body schema [56] and can thus be viewed as a body awareness
disorder. Patients with hemisomatoagnosia have a propensity to ignore the contrale-
sional side of their own body [25]. Some typical clinical signals of this disorder are
related to the tendency to act like the left side of the body is nonexistent (in lesions
to the right hemisphere, which is the most common form), such that patients assume
unusual body postures or fail to dress and to care for the left side of their bodies.   

Patients with somatoparaphrenia also show body ownership disruption. The dis-
order is defined as an alteration of awareness regarding the involved body part (often
located on the contralateral side of the injured hemisphere), linked to delirious
beliefs about it [25]. The neglected body parts are ousted from mental representation
of the body and the demonstrated existence of these parts is justified by confabula-
tory explanations [57, 58]. According to Vallar and Ronchi [59], the more frequent
manifestations of somatoparaphrenia are: (1) the feeling of exclusion of the affected
body parts, of their separation from the patient’s body, (2) delusional beliefs of dis-
ownership of the affected body parts, (3) delusional beliefs about the affected body
parts belonging to another individual, (4) complex delusional misidentifications of
the affected body parts, and (5) the presence, in some cases, of associated disorders,
such as supernumerary limbs, misoplegia, and personification.

At the brain level, somatoparaphrenia is frequently associated with right hemi-
sphere damage. This observation suggests that the large base of the right hemisphere
is involved in the sense of body identity and ownership. In particular, the involved
neural circuitry consists of the temporo-parietal junction, posterior insula, basal gan-
glia, and insular cortex. In their review, Vallar and Ronchi [59] stated that a relevant
mechanism of somatoparephrenia can be found within a network that includes the
frontal premotor and posterior parietal cortices as well as subcortical structures such
as the thalamus, basal ganglia, and superior colliculus [60]. This network is associ-
ated with defective multisensory integration rather than with the impairment of spe-
cific sensory modalities. 
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