
Specifying the self for cognitive
neuroscience
Kalina Christoff1, Diego Cosmelli2, Dorothée Legrand3 and Evan Thompson4

1 Department of Psychology, University of British Columbia, 2136 West Mall, Vancouver, BC, V6T 1Z4 Canada
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Opinion
Glossary

Cognitive control: the process by which one focuses and sustains attention on

task-relevant information and selects task-relevant behavior.

Emotion regulation: the process by which one influences one’s experience and

expression of emotion.

Homeostatic regulation: the process of keeping vital organismic parameters

within a given dynamical range despite external or internal perturbations.

‘I’ versus ‘Me’: experiencing oneself as subjective knower and agent versus

experiencing oneself as an object of perception or self-attribution.

Self-related processing: processing requiring one to evaluate or judge some

feature in relation to one’s perceptual image or mental concept of oneself.

Self-specific: a component or feature that is exclusive (characterizes oneself

and no one else) and noncontingent (changing or losing it entails changing or

losing the distinction between self and non-self).

Self-specifying: any process that specifies the self as subject and agent by

implementing a functional self/non-self distinction.

Sensorimotor integration: the mechanisms by which sensory information is

processed to guide motor acts, and by which motor acts are guided to facilitate

sensory processing.

Task-negative/default-network brain regions: regions exhibiting sustained

functional activity during rest but showing consistent deactivations during

externally directed, attention-demanding tasks. Such regions include the

precuneus/posterior cingulate cortex, medial prefrontal cortex and bilateral

temporoparietal junction.

Task-positive brain regions: regions consistently activated during externally

directed, attention-demanding tasks. Such regions include the intraparietal
Cognitive neuroscience investigations of self-experience
have mainly focused on the mental attribution of fea-
tures to the self (self-related processing). In this paper,
we highlight another fundamental, yet neglected, aspect
of self-experience, that of being an agent. We propose
that this aspect of self-experience depends on self-spec-
ifying processes, ones that implicitly specify the self by
implementing a functional self/non-self distinction in
perception, action, cognition and emotion. We describe
two paradigmatic cases – sensorimotor integration and
homeostatic regulation – and use the principles from
these cases to show how cognitive control, including
emotion regulation, is also self-specifying. We argue that
externally directed, attention-demanding tasks, rather
than suppressing self-experience, give rise to the self-
experience of being a cognitive–affective agent. We con-
clude with directions for experimental work based on
our framework.

Investigating self-experience in cognitive neuroscience
How does the embodied brain give rise to self-experience?
This question, long addressed by neurology [1] and neuro-
physiology [2], now attracts strong interest from cognitive
neuroscience and the neuroimaging community [3–6].

Recent neuroimaging studies have investigated self-
experience mainly by employing paradigms that contrast
self-related with non-self-related stimuli and tasks. Such
paradigms aim to reveal the cerebral correlates of ‘self-
related processing’ (see Glossary). Recent reviews identify
several brain regions that appear most consistently acti-
vated in self-related paradigms such as assessing one’s
personality, physical appearance or feelings; recognizing
one’s face; or detecting one’s first name (see [4,6] for
extensive reviews). The medial prefrontal cortex (mPFC)
and the precuneus/posterior cingulate cortex (Precuneus/
PCC) are the most frequently discussed [4–10], but two
additional regions, the temporoparietal junction (TPJ) and
temporal pole, are also consistently activated [6].

Although these studies have contributed valuable infor-
mation about the neural correlates of self-related proces-
sing, two issues have recently arisen [3,6]. First,
the identified regions, especially the midline regions
(mPFC, Precuneus/PCC) often associated with self-related
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processing [4,7–10], might not be self-specific, because they
are also recruited for a wide range of other cognitive
processes – recall of information from memory, inferential
reasoning, and representing others’ mental states [3,5,6].
In addition, the PCC appears to be engaged in attentional
processes and might be a hub for attention and motivation
[11,12], whereas the TPJ is important for attentional
reorienting [13]. Hence, describing these regions (singly
or collectively) as self-specific could be unwarranted [3,5,6].
Second, studies employing self-related processing ap-
proach self-experience through the self-attribution of men-
tal and physical features, and thereby focus on the self as
an object of attribution and not the self as the knowing
subject and agent. To invoke James’ [14] classic distinction,
this paradigm targets the ‘Me’ – the self as known through
its physical andmental attributes – and not the ‘I’ – the self
as subjective knower and agent. Thus, relying exclusively
on this paradigm would limit the cognitive neuroscience of
self-experience to self-related processing (the ‘Me’), to the
neglect of the self-experience of being a knower and agent
(the ‘I’) [6,15].

In this paper, we focus on the ‘I’ – experiencing oneself as
the agent of perception, action, cognition and emotion – and
sulcus, frontal eye field, middle temporal area, lateral prefrontal cortex and

dorsal anterior cingulate.

. doi:10.1016/j.tics.2011.01.001 Trends in Cognitive Sciences, March 2011, Vol. 15, No. 3

mailto:evan.thompson@utoronto.ca
http://dx.doi.org/10.1016/j.tics.2011.01.001


Opinion Trends in Cognitive Sciences March 2011, Vol. 15, No. 3
we propose a theoretical framework that links this type of
self-experience to a wide range of neuroscientific findings
at different levels of neural functioning.

According to our proposal, experiencing oneself as an
agent depends on the existence of specific types of dynamic
interactive processes between the organism and its envi-
ronment. We call these processes ‘self-specifying’ because
they implement a functional self/non-self distinction that
implicitly specifies the self as subject and agent [6,16]. To
illustrate the basic principles of self-specifying processes,
we describe two paradigmatic examples – sensorimotor
integration and homeostatic regulation – that underlie
the self-experience of being a bodily agent. We then argue
that although externally directed attention-demanding
tasks can compromise self-related processing [7–10,17–

19], such tasks can be expected to enhance another funda-
mental type of self-experience, namely that of being a
cognitive–affective agent [6,15,16]. In support of this point,
and to show how cognitive neuroscience can begin to model
this type of self-experience, we apply the concept of self-
specifying processes to cognitive control, including emotion
regulation. We conclude with suggestions for future exper-
imental work based on our framework.

Self-experience as arising from self-specifying
processes
Many neuroimaging studies have focused on the type of
self-experience that occurs when a person directs his or her
attention away from the external world (e.g. when task
demands are low, when performing a self-reflective task or
during rest) [7–10,17] (Figure 1a). At the same time, other
lines of investigation concerned with embodied experience
have examined self-experience during world-directed per-
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Figure 1. Two types of self-experience. (a) The ‘Me’ or self-related processing (here dep
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implicitly occurs during attention-demanding interactions with the environment (black
ception and action [1,20,21] (Figure 1b). These investiga-
tions have focused on bodily awareness in sensorimotor
integration [20,21] and homeostatic regulation [1,22,23].
Central to this approach is the notion that the organism
constantly integrates efferent and afferent signals in a way
that distinguishes fundamentally between reafference –

afferent signals arising as a result of the organism’s own
efferent processes (self) – and exafference – afferent signals
arising as a result of environmental events (non-self). By
implementing this functional self/non-self distinction, ef-
ferent–afferent integration implicitly specifies the self as a
bodily agent [6,16,21].

Sensorimotor integration

The notion of self-specifying processes is easiest to illus-
trate through the systematic linkage of sensory and motor
processes in the perception–action cycle (Box 1). An organ-
ism needs to be able to distinguish between sensory
changes arising from its own motor actions (self) and
sensory changes arising from the environment (non-self).
The central nervous system (CNS) distinguishes the two by
systematically relating the efferent signals (motor com-
mands) for the production of an action (e.g. eye, head or
hand movements) to the afferent (sensory) signals arising
from the execution of that action (e.g. the flow of visual or
haptic sensory feedback). According to various models
going back to Von Holst [24], the basic mechanism of this
integration is a comparator that compares a copy of the
motor command (information about the action executed)
with the sensory reafference (information about the senso-
ry modifications owing to the action) [25]. Through such a
mechanism, the organism can register that it has executed
a given movement, and it can use this information to
(b)
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Box 1. Self-experience and sensorimotor integration

The self-experience of being an embodied agent depends on the

sensorimotor mechanisms that integrate efference with reafference

(Figure I). A basic level mechanism allows efferences to be system-

atically related to their reafferent consequences. This anchoring of

efference to reafference implements a functional self/non-self distinc-

tion that implicitly specifies the self as a bodily agent [6,21].

For example, consider the motor act of biting a lemon and the

resulting taste. This experience is characterized by (i) a specific

content (lemon, not chocolate); (ii) a specific mode of presentation

(tasting, not seeing); and (iii) a specific perspective (my experience of

tasting). The process of relating an efference (the biting) to a

reafference (the resulting taste of acidity) is what allows the

perception to be characterized not only by a given content (the

acidity) but also by a self-specific perspective (I am the one

experiencing the acidity of the lemon juice) [6,21].

The agent’s perspective is thus a central concept within this

framework. Although the basic sensorimotor integration processes

do not involve any representation of the self per se, they are

nonetheless self-specifying [6] because they implement a unique

egocentric perspective in perception and action, and thus implicitly

specify the self as subject and agent of that perspective. According to

this view, self-experience is present whenever a self-specific perspec-

tive exists, regardless of the properties of the represented content

[6,15,16,21].

The original mechanism of sensorimotor integration (Figure I) can

be elaborated to include higher level comparators between intended,

predicted and actual reafference (Figure II). For example, Wolpert and

colleagues [25] described a two-process model of action monitoring.

The first process (Figure II, left) uses the motor command and the

current state estimate to achieve a next state estimate using the

forward model (or a prediction) to simulate the arm’s dynamics. The

second process (Figure II, right) uses the difference between expected

and actual sensory feedback to correct the forward model’s next state

estimate. Through such sophisticated comparators, the model can

handle higher level phenomena, such as intentions, predictions,

mental simulation and goals [20].
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Figure I. Sensorimotor integration

Comparator mechanism for relating efferent signals to reafferent sensory feedback.
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Figure II. Two-process model of action monitoring (Ref. [25]).
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process the resulting sensory reafference. The crucial point
for our purposes is that reafference is self-specific, because
it is intrinsically related to the agent’s own action (there is
no such thing as a non-self-specific reafference). Thus, by
relating efferent signals to their afferent consequences, the
CNSmarks the difference between self-specific (reafferent)
and non-self-specific (exafferent) information in the per-
ception–action cycle. In this way, the CNS implements a
functional self/non-self distinction that implicitly specifies
the self as the perceiving subject and agent.

Homeostatic regulation

Self-specifying reafferent–efferent processes are key com-
ponents of homeostatic regulation, which implements the
self/non-self distinction at the basic level of life preserva-
tion [1,16,22,23]. To ensure the organism’s survival
through changing internal and external conditions, affer-
ent signals conveying information about the organism’s
106
internal state are continually coupled with corresponding
efferent regulatory processes that keep afferent param-
eters within a tight domain of possible values [1,22,23].
Reafferent–efferent loops from spinal nuclei to brainstem
nuclei and midbrain structures are involved in somato-
autonomic adjustments; these loops are modulated by the
hypothalamus as well as mid/posterior insula (sensory)
and anterior cingulate (motor) cortices [23]. This vertically
integrated, interoceptive homeostatic system specifies the
self as a bodily agent by maintaining the body’s integrity
(self) in relation to the environment (non-self) [22], and by
supporting the implicit feeling of the body’s internal con-
dition in perception and action [23].

Specifying the self as knowing subject and agent

The reafferent–efferent processes just described specify the
self not as an object of perception or attribution (the ‘Me’)
but as the experiential subject and agent of perception,
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action and feeling (the ‘I’). Sensorimotor integration
specifies a unique perceptual perspective on the world,
whereas homeostatic regulation specifies a unique affec-
tive perspective based on the inner feeling of one’s body.
The resulting perspective is self-specific in the strict sense
of being both exclusive (it characterizes oneself and no one
else) and noncontingent (changing or losing it entails
changing or losing the distinction between self and non-
self) [6]. In the general case, ‘I’ perceive and act from my
self-specific perspective while implicitly experiencing my-
self as perceiver and agent. In some particular cases, what
‘I’ perceive is ‘Me’, such aswhen I visually recognizemyself.
Although many non-human animals can implicitly experi-
ence themselves as embodied agents through the types of
self-specifying sensorimotor and homeostatic processes
described above [26], only humans and a few other species
seem capable of self-recognition [27], and thus of experien-
tially relating the ‘I’ and the ‘Me’. What we emphasize here
is that whereas the ‘Me’ consists in the features one
perceives as belonging to oneself, the ‘I’ consists in the
self-specific, agentive perspective from which such percep-
tions occur; hence, to explain the ‘I’ we need to explain how
such a perspective is implemented. Our proposal is that the
reafferent–efferent processes of sensorimotor integration
and homeostatic regulation implement a self-specific,
agentive perspective at the bodily level of perception and
feeling.

This model predicts that if a brain process involves only
afference without a matching efference/reafference, it will
not specify the organism as subject or agent, and thus will
not constitute a self-specifying process. For example, the
‘feedforward sweep’ in visual processing from early visual
areas to extrastriate areas, which Lamme [28] argues is
not accompanied by conscious awareness, would not quali-
fy as self-specifying, whereas ‘recurrent processing’ in
multiple visual areas, which Lamme argues is associated
with ‘phenomenal awareness’ (short-lived awareness that
is not necessarily reportable), would qualify as self-speci-
fying only if linked to matching efference/reafference. Our
model thus allows that non-self-specifying processes occur
in parallel with self-specifying ones, and it leaves open the
question whether there exist conscious processes that do
not include even minimal self-specification (as Lamme’s
proposal suggests) or whether every conscious process is
also minimally self-specifying (as others have argued
[15]).

Given this model, we next consider the view, prevalent
in the recent neuroimaging literature [7–10,17–19], that
self-experience is suppressed during externally directed,
attention-demanding tasks. We argue that this view needs
qualification to take into account the self-experience of
being a cognitive–affective agent.

Is self-experience suppressed during world-directed
attention?
One outcome of functional magnetic resonance imaging
(fMRI) studies using self-related processing as the main
paradigm for understanding self-experience is the view
that self-experience occurs mostly when individuals are
not preoccupied with externally oriented tasks and that it
is suppressed when such tasks do occur [7–10]. This view is
based partly on findings from a growing number of studies
examining spontaneous fluctuations in the fMRI signal
during task-free, resting-state conditions [29]. These find-
ings have distinguished between (i) task-positive regions
(e.g. dorsolateral PFC, inferior parietal cortex and supple-
mentary motor area), whose activity increases during ex-
ternally oriented attention and (ii) task-negative/default-
network regions (e.g. mPFC, Precuneus/PCC and TPJ),
whose activity decreases across a wide variety of tasks.
These task-positive and task-negative networks also ap-
pear to be anticorrelated in their spontaneous activity
during the resting state [30], so that increased activity
in one network has been noted to correlate with decreased
activity in the other [17–19].

A prominent interpretation of these findings is that the
brain alternates dynamically between a task-oriented,
externally directed state and a task-independent, self-di-
rected state, with self-experience in the form of self-related
processing mainly occurring during the task-independent,
self-directed state [8–10,18,19]. A wide variety of studies
have been taken to support this interpretation; these
studies indicate that externally oriented, attention-de-
manding tasks, which are considered to suppress intro-
spective thoughts, tend to suspend default-network
activity, whereas resting conditions, as well as practiced
tasks that do not suppress introspective thoughts, corre-
late with an active default network (see [31] for a compre-
hensive review). Additional support is thought to come
from the finding that tasks requiring individuals to make
explicit reference to some aspect of themselves implicate
medial prefrontal regions also active as part of the default
network [4,5,26,31]. Hence, it has been proposed, on the
one hand, that self-experience is largely absent during
world-directed attention (because self-related processing
is strongly suppressed) [17], and, on the other hand, that
during rest conditions, subjects mainly engage in self-
referential processing [7–10].

This conclusion, however, rests on the following
assumptions: (i) the main way to experience the self is
as an object of one’s attention (i.e. through self-related
processing); (ii) self-reflective, introspective processes are
linked to task-negative/default-network regions; and (iii)
the brain is organized into a dynamic system of task-
positive regions subserving world-directed attention and
task-negative/default regions subserving self-directed at-
tention, with these two networks acting in opposition so
that recruitment of one suppresses the other.

Each of these assumptions, however, needs qualification
in light of the recent theoretical literature and empirical
findings.

First, treating self-related processing as the main form
of self-experience limits self-experience to the ‘Me’ (self as
object of one’s attention) while neglecting the ‘I’ (self as
knowing subject and agent). For example, if the agentic ‘I’
is considered at the bodily level of sensorimotor integra-
tion, then task-positive regions such as the supplementary
motor cortex and inferior parietal cortex could be viewed as
crucial to self-experience, for these regions serve to imple-
ment sensorimotor integration tasks [25,32,33]. More gen-
erally, although world-directed attention can suppress self-
related processing, one cannot conclude that it suppresses
107
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every form of self-experience, especially the self-experience
of being a cognitive agent (which it can instead enhance).

Second, self-referential and introspective processes
have also been linked to recruitment of regions outside
the default network. For example, self-related processing
activates the temporopolar cortex as consistently as the
three main default network regions (mPFC, Precuneus/
PCC and TPJ) [34], and is also frequently associated with
activations in the insula and lateral PFC [6]. Furthermore,
introspective mental processes have been linked to a re-
cruitment of the anterior portion of the lateral PFC, name-
ly the rostrolateral PFC [35–37], which is considered to be
part of a cognitive control network separable from the
default network [38]. These findings indicate that self-
referential processing is not uniquely associated with
task-negative/default-network regions. Therefore, reduced
or inhibited activity in default network regions does not
necessarily indicate that self-directed introspective pro-
cesses are suppressed, because they can be implemented
through regions outside the default network.

Finally, recent studies have begun to qualify the picture
of task-positive and task-negative/default networks as
invariably acting in opposition to each other. A parallel
recruitment of task-positive and task-negative/default-net-
work regions has been observed during several tasks, such
as passive sensory stimulation [39], continuous movie
viewing [40], narrative speech comprehension [41], auto-
biographical planning [42] and mind wandering during a
sustained attention task [36]. These diverse findings sug-
gest that characterizing brain activity as either task-posi-
tive/world-directed or task-negative/self-directed is
incomplete. Rather, such neural recruitments and cogni-
tive processes can occur in parallel.

In contrast to the view that attention-demanding tasks
suppress self-experience, we propose that such tasks can
be expected to enhance the self-experience of being a
cognitive–affective agent. An outstanding task for cogni-
tive neuroscience is to integrate this type of self-experience
and self-related processing into an overarching explanato-
ry framework that can guide empirical research. In the
next section, we propose what we believe is a crucial
element of such a framework. By describing how the
concept of self-specifying processes can be applied to cog-
nitive control, including emotion regulation, we argue that
cognitive–affective processes instantiate the self-experi-
ence of being a cognitive–affective agent. In this way, we
show how cognitive neuroscience can investigate this type
of self-experience by including paradigms involving atten-
tion to the external world.

Self-specifying processes during attention-demanding
tasks
Can cognitive control processes in affectively neutral con-
texts and affectively arousing contexts implicitly specify
the self as a cognitive–affective agent?

Cognitive control processes in affectively neutral

contexts

Cognitive control processes serve both to focus attention on
task-relevant information versus other competing sources
of information and to select task-relevant behavior over
108
habitual or otherwise prepotent responses. For example, in
a Stroop task, the goal is to name the ink color of a printed
color name while ignoring the word’s meaning. Individuals
are slower to respond when the information is incongruent
(e.g. the word RED is printed in blue ink) than when it is
congruent (e.g. the word RED is printed in red ink), and the
slower response time is taken to reflect the need for higher
attentional control when a conflict in perceptual informa-
tion is present.

According to the influential ‘conflict-monitoring model’
[43], cognitive control is implemented through a regulatory
conflict–control loop consisting of two components. An
evaluative or conflict-monitoring component detects con-
flicts in the information available for task performance,
whereas a regulative component exerts a top-down biasing
influence on the cognitive and motor processes required for
task performance. At the neural level, the dorsal anterior
cingulate cortex (dACC) has been proposed to support the
evaluative process of conflict monitoring [43,44], whereas
lateral PFC regions have been proposed to underlie the
regulative process of cognitive control [43,45]. This model
predicts that strong ACC activity should be followed by
behavior reflecting relatively focused attention, and weak
ACC activity by behavior reflecting less focused attention.
In keeping with this prediction, Kerns and colleagues [46]
found that high dACC activation for incongruent trials in
the Stroop task was followed by low interference on the
subsequent trial, as well as by strong activation in dorso-
lateral PFC. These findings suggest that the dACC could
signal the need for control adjustments to lateral PFC and
thereby strengthen cognitive control [45].

Our aim in describing the conflict-monitoring model
is not to endorse it against other important models of
cognitive control [47–49] or ACC functioning [50,51]. In
particular, we do not suppose that dACC is involved in
cognitive but not emotional functions, whereas ventral
ACC does the reverse [52], because recent experimental
findings and theoretical considerations argue against both
this particular cognitive–affective division [53] as well as
emotion–cognition separations more generally in the brain
and behavior [53,54]. Instead, we use the model to illus-
trate how cognitive–control processes can be self-specify-
ing.

For the purposes of the present argument, the key
feature of the conflict-monitoring model is the functional
distinction between a regulatory function and an evalua-
tive function. The control loop comprising these two func-
tions (Figure 2) strongly resembles the integration of
efferent and reafferent information during sensorimotor
processing, with the regulative component corresponding
to efferent influence and the evaluative component corre-
sponding to a reafferent process. We propose that such a
regulative–evaluative loop can implement a functional self/
non-self distinction between, on the one hand, reafferent
signals about modifications in level of conflict resulting
from one’s own cognitive–control efforts (self), and, on the
other hand, exafferent signals about the level of conflict
resulting from environmental sources such as stimulus
properties (non-self). By implementing this self-specific,
agentive perspective in cognitive control, the regulatory
conflict–control loop would implicitly specify the self as a
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Figure 2. Cognitive control as a self-specifying process. The conflict-monitoring

model of cognitive control [43] depicted as implementing a possible efferent/

reafferent regulatory loop. This loop can define the functional self/non-self

distinction between reafferent signals resulting from one’s own cognitive control

efforts (self) and exafferent signals about the level of conflict resulting from

environmental sources such as stimulus properties (non-self).
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cognitive agent. Note that this cognitive form of self-expe-
rience would subsume the self-experience of being an
embodied agent resulting from sensorimotor integration,
because cognitive control operates on sensorimotor pro-
cesses themselves, and thus occurs at higher levels of
integration in the perception–action cycle [55].

As originally conceived, the cognitive control of atten-
tion was closely linked to self-regulation [56,57], includ-
ing the self-experience of being a cognitive agent [57].
Concern with this link, however, seems to have largely
disappeared from the recent cognitive neuroscience liter-
ature, possibly because of the assumption that self-expe-
rience is suppressed during attention-demanding tasks
[7–10,17–19], as well as the observation that brain regions
associated with cognitive control, such as the lateral PFC
and dACC, largely overlap with the task-positive regions
outlined earlier. Indeed, meta-analyses show that the
lateral PFC and dACC are among the most consistently
recruited brain regions across a broad range of attention-
demanding tasks, including perception, response
selection, executive control, working memory, episodic
memory and problem solving [58,59]. Nevertheless, as
discussed above, recruitment of these task-positive
regions is not mutually exclusive with recruitment of
the task-negative/default-network regions. Although in-
tense engagement in sensorimotor tasks can suppress the
task-negative/default-network regions that also subserve
self-related processing [17–19], one can envision situa-
tions (e.g. introspection, envisioning the perspective of
others, mind wandering) in which the required mental
processes call upon resources from both sets of regions
and hence lead to more balanced activations between
them, as indicated by recent results [36,39–42]. Further-
more, even in situations where the dACC and lateral PFC
are recruited in opposition to task-negative/default-net-
work regions (i.e. with a concomitant deactivation of these
regions), self-experience might still be crucially present in
the form of the ‘I’ or self-as-cognitive-agent, as a result of
cognitive control processes being self-specifying in the
way just outlined above.

Emotion regulation

The cognitive and behavioral control of emotion in affec-
tively arousing or challenging situations [60,61] provides
another case where we can expect to find the self-experi-
ence of being a cognitive–affective agent. Although emotion
regulation and self-related processing have often been
linked by pointing to their common reliance on midline
cortical structures [61,62], we propose that another funda-
mental but less explored link between self-experience and
emotion regulation can be found in how emotion regulation
processes are also self-specifying.

Recent discussions have proposed a distinction between
two main forms of emotion regulation – a deliberate or
voluntary form, and an implicit or incidental form
[60,61,63–65]. Deliberate emotion regulation relies on
the same cognitive control mechanisms required for atten-
tion-demanding tasks [61]. Thus, tasks requiring reap-
praisal – reinterpreting the meaning of a stimulus to
change one’s emotional response to it [60,61] – recruit
dACC and lateral PFC regions [61]. Here these regions
are thought to subserve explicit reasoning about how the
association between a situation and one’s emotional re-
sponse to it can be changed. For example, if one is viewing a
picture of a burn victim in a hospital bed, it might be
possible to modify the original emotional response of dis-
tress or sadness by focusing on possible positive aspects,
such as the victim’s successful progress toward a healthier
state or that the victim survived. Maintaining such
descriptions is thought to bias perceptual and associa-
tive-memory systems; these systems in turn send signals
to subcortical appraisal systems, such as the amygdala and
ventral striatum [61], and thus indirectly modify the origi-
nal emotional response.

We propose that such a regulatory–evaluative loop can
implement a functional self/non-self distinction between
the effortful reappraisal process (self) and the target of that
process, namely the emotional scene (non-self). In this way,
emotion regulation can implicitly specify the self as the
cognitive–affective agent engaged in trying to reinterpret
and thereby control an emotional response.

Deliberate forms of emotion regulation are associated
not only with dACC and lateral PFC – regions crucially
involved in cognitive control – but also with recruitment of
dorsomedial PFC (dmPFC) [61,64,65], a brain region con-
sidered to support reflective awareness of one’s feelings,
and thus to enable higher level, metarepresentations of
one’s own experience [63]. By allowing the maintenance of
such emotion-specific metarepresentations, and through
its dense interconnections with the ventromedial PFC
(vmPFC) [66], the dmPFC can exert a biasing influence
on emotion processes during deliberate attempts at emo-
tion regulation. Thus, by both influencing and re-repre-
senting the emotion processes inmore ventral systems, the
dmPFC and its interconnected ventral structures can form
another regulatory–evaluative loop that implicitly speci-
fies the self as cognitive–affective agent in effortful emotion
regulation.

In contrast to deliberate emotion regulation, implicit or
incidental emotion regulation has been linked to medial
regions suchas the rostralACC (rACC), subgenualACCand
vmPFC [61]. For example, the rACC is associated with
regulation of attention to emotional (but not non-emotional)
distracters during an emotional version of the Stroop task
[67,68]. During this task, subjects are not instructed to
regulate their emotions, thus the recruitment of the rACC
and its accompanying regulation of emotional attention can
109



Box 2. Questions for further research

� Is the ‘I’ or self as-subject all or nothing, or graded?

� When multiple self-specifying processes are activated, does a

stronger sense of ‘I’ occur?

� Can self-specifying processes be altered through attentional and

emotion regulation training?

� Do self-specifying processes require higher level remapping of

efferent–reafferent integration, or can such integration occur

through dynamical mechanisms such as phase synchronization?

� Can self-specifying processes be identified in neuroimaging data

through functional connectivity measures, and can statistical

measures such as Granger causality be used to identify directional

influences in such processes?

� Can self-specifying processes be identified as part of the brain’s

intrinsic functional architecture through intrinsic connectivity

measures in resting state neuroimaging data?

� Can transcranial magnetic stimulation interfere selectively in self-

specifying loops and thereby alter cognitive–affective self-experi-

ence?

� Are self-specifying processes altered in psychiatric disorders,

such as schizophrenia or anorexia nervosa, which involve altered

self-experience and self-other evaluation?
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be considered incidental to themain task [65]. Activation in
rACC appears to be accompanied by a simultaneous and
correlated reduction of amygdala activity; this relation sug-
gests that resolving emotional conflict depends on a rACC–

amygdala regulatory loop [67] that also appears to use the
general cognitive monitoring mechanism of the dACC to
detect the presence of conflict [68]. Thus, a self-specifying
evaluative–regulatory loop can be formed between rACC
and dACC, analogous to that between lateral PFC and
dACC, but dedicated to the resolution of emotional conflict
through an rACC biasing influence on amygdala activity.

Furthermore, regions playing a role in deliberate emo-
tion regulation, such as the dACC and dmPFC [63,64], and
possibly the right ventrolateral PFC [65], also appear to
participate in implicit emotion regulation. For example,
the dACC and dmPFC have autonomic regulatory func-
tions mediated by direct neural connections with subcorti-
cal visceromotor centers such as the lateral hypothalamus
[66]. In addition, neuroimaging studies noting an inverse
correlation between medial PFC activity and heart rate
variability suggest that medial PFC activity can have a
tonic inhibitory effect mediated through the vagus nerve
[63]. Based on these findings, researchers have described
an evaluative–regulatory feedback mechanism, including
an equilibration process between bottom-up and top-down
interactions, through which the body state is altered as
arousal processes become modulated and differentiated
[63]. This mechanism provides another candidate for
a self-specifying process at implicit levels of emotion
regulation.

Given that these candidate self-specifying processes
belong to implicit emotion regulation, the functional self/
non-self distinction they implement would be closely relat-
ed to the one established through homeostatic regulation
between the feeling body and the environment. Indeed,
implicit emotion regulation processes overlap conceptually
and neurally with the higher levels of the homeostatic
regulation system described earlier [1,22,23,26]. Thus,
the self-experience of being an emotional agent that these
processes elicit would occur at the level of affect and action
tendencies [26], whereas this bodily level would be sub-
sumed by the self-experience of being a cognitive–affective
agent in deliberate emotion regulation, analogous to the
way the self-experience of being a cognitive agent also
subsumes the self-experience of being an embodied agent
in attention-demanding cognitive tasks.

Concluding remarks and future directions
Using the concept of self-specifying processes, we have
outlined amodel of how cognitive control processes, includ-
ing emotion regulation, implicitly specify the self as a
cognitive–affective agent. Our model suggests several
questions for future investigations (Box 2). We highlight
two issues here.

One issue concerns the types of neural mechanisms that
integrate the efferent–reafferent and regulatory–evalua-
tive signals in self-specifying processes. On the one hand,
the comparison between efferent and reafferent signals can
be remapped at higher levels by specific neural structures.
For example, the anterior insula can serve to remap the
second-order comparison between efferent and reafferent
110
signals in more posteriorly located motor and sensory
regions during homeostatic regulation [23]. Similarly, dur-
ing cognitive control, anteriorly located lateral PFC
regions, such as the rostrolateral PFC, can remap the
second-order comparison between the regulative and eval-
uative outcomes of processes supported by the more pos-
teriorly located dorsolateral PFC and dACC [35]. Such
hierarchically organized systems can be present at multi-
ple neural levels and in multiple functional domains. On
the other hand, another type of mechanism not requiring
explicit remapping by dedicated neural structures, but
relying instead on dynamical coupling across multiple
areas [69] (e.g. through phase synchronization of neuronal
signals [70]), could be responsible for signal integration.
Such dynamical mechanisms can also be implemented at
multiple neural levels and in various functional domains
[69,70].Whether self-specifying processes depend on either
or both of these mechanisms is an important issue for
future research.

A second issue concerns the subjective nature of self-
experience. Although objective measures from experimen-
tally controlled tasks and uncontrolled rest conditions are
certainly useful, we believe a richer understanding of self-
experience requires the incorporation of subjective mea-
sures such as self-reports into neuroimaging protocols
[36,71]. Certain questions seem tractable only with such
an approach. For example, is self-experience all-or-nothing
or graded in character? When multiple self-specifying
processes are activated at various levels of neural func-
tioning, does a stronger sense of self occur thanwhen only a
few are recruited? Can mental training of attention and
emotion regulation [72,73] alter self-experience and its
neural substrates?

As argued here, how cognitive neuroscience specifies the
self profoundly shapes our view of self-experience and its
neural substrates. By broadening our investigations to
include the self-experience of being a cognitive agent, we
can deepen our understanding of how the brain and body
work together to create our sense of self.
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