BR A IN RE S EA RCH 1 0 79 ( 20 0 6 ) 8 6 –97

a v a i l a b l e a t w w w. s c i e n c e d i r e c t . c o m

w w w. e l s e v i e r. c o m / l o c a t e / b r a i n r e s

Research Report

Integrating automatic and controlled processes into
neurocognitive models of social cognition
Ajay B. Satpute, Matthew D. Lieberman⁎
University of California, Los Angeles, CA 90024, USA

A R T I C LE I N FO

AB S T R A C T

Article history:

Interest in the neural systems underlying social perception has expanded tremendously

Accepted 5 January 2006

over the past few decades. However, gaps between behavioral literatures in social
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perception and neuroscience are still abundant. In this article, we apply the concept of
dual-process models to neural systems in an effort to bridge the gap between many of these
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behavioral studies and neural systems underlying social perception. We describe and

Social Cognitive neuroscience

provide support for a neural division between reflexive and reflective systems. Reflexive

Social cognition

systems correspond to automatic processes and include the amygdala, basal ganglia,

Automaticity

ventromedial prefrontal cortex, dorsal anterior cingulate cortex, and lateral temporal cortex.

Control

Reflective systems correspond to controlled processes and include lateral prefrontal cortex,

Dual process model

posterior parietal cortex, medial prefrontal cortex, rostral anterior cingulate cortex, and the
hippocampus and surrounding medial temporal lobe region. This framework is considered
to be a working model rather than a finished product. Finally, the utility of this model and its
application to other social cognitive domains such as Theory of Mind are discussed.
© 2006 Elsevier B.V. All rights reserved.

1.

Introduction

Recently, the United States Senate held confirmation hearings
to determine whether John Roberts ought to be the next Chief
Justice of the Supreme Court. Several democratic senators,
looking for black marks on Roberts' record to allow them to cast
a no vote against the nominee of a conservative White House,
expressed frustration over their inability to determine Roberts'
beliefs and judicial philosophy because of the limited number
of documents authored by Roberts' during his short tenure as a
judge. Indeed, senators seized upon briefs written by Roberts
when he served as a White House council in the Reagan
administration 20 years earlier as a young attorney to
demonstrate that he held unacceptably conservative views.
Roberts deftly sidestepped these allegations by reminding the

senators that, “I was a staff lawyer. I didn't have a position. The
administration had a position”.
This social discourse between the senators and Roberts
highlights the three main aspects of attribution theory as
studied by dual-process researchers of social cognition over
the past 20 years: task goals (determining Roberts judicial
positions), hypothesis-confirming automatic attributions
(using briefs Roberts wrote for the Regan administration as
indicative of his position), and controlled corrections of the
automatic attributions (the diagnosticity of these briefs as a
basis of their assessments) are each mainstays of the modern
theories of attribution (Gilbert, 1989; Trope and Gaunt, 1999).
This research has been propelled forward for decades from the
earlier finding (Ichheiser, 1943; Jones and Harris, 1967; Ross,
1977) that individuals consistently overestimate the degree to
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which an observed behavior is indicative of the corresponding
personality trait or attitude. Thus, in the Roberts case, the
Senators may have ignored Roberts' constrained situation
when writing those briefs as White House council, as his social
role required him to advocate the position held by the White
House regardless of his own personal views on the matter. The
crux of dual-process models of attribution has been to argue
that in terms of mental effort, inferring the corresponding trait
from behavior is easy (i.e., writing sexist briefs indicates sexist
beliefs), whereas recognizing the exculpatory role of situational influences is hard (i.e., any position one is obligated to
because of professional responsibilities does not reflect on
one's own dispositions).
Aside from social attribution, dual-process models have
been a guiding theoretical tool in a variety of other domains
in social cognition. Indeed, there seem to be few domains in
social cognition that have not benefited by its application
(see Chaiken and Trope, 1999). Moreover, they form a
substantial theoretical basis for cognitive psychology as
well including categorization (Murphy, 2002), memory (Squire
and Zola, 1996), reasoning (Sloman, 1996), and decisionmaking (Kahneman, 2003). Though dual-process models are
acknowledged to be a rough cut at the complexity of social
behavior, they have provided behavioral researchers with an
investigative tool that is generative, explanatory, and simple.
In common, these models incorporate an age-old distinction
between automaticity and control: that some processes occur
quickly without requiring explicit thought or effort while
others occur slowly and do require explicit thought and
effort.
Although dual-process models of automaticity and control
have made important contributions to behavioral research on
social cognition, the distinction has been surprisingly absent
from theorizing about the neural bases of social perception.
Dozens of neuroimaging studies have identified brain regions
involved in theory of mind (ToM), perspective taking, trait
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identification, imitation, and other facets of social cognition
and perception. Thus far, these studies have implicated medial
prefrontal cortex (MPFC; BA 8/9/10), lateral prefrontal cortex
(LPFC), lateral temporal cortex (LTC) including the superior
temporal sulcus (STS) and tempo-parietal junction (TPJ),
precuneus in medial posterior parietal cortex (MPPC), lateral
posterior parietal cortex (LPPC), amygdala, ventral striatum
(VS), and ventromedial prefrontal cortex (VMPFC; BA 11) as
important regions of interest in social cognition. However,
none of these studies have examined the neural correlates of
automatic versus controlled social perception, nor do they
invoke the distinction to explain differences from one study to
the next despite its continued relevance to behavioral work.
This might be because much of the cognitive neuroscience
work in this area comes from perception or developmental
traditions that do not rely as much on the dual-processing
distinction. Growing interest in the neural bases of social
cognition has pulled researchers from these differing traditions together, which has prompted a need for bridging gaps
between their various theoretical takes.
We have previously proposed a division of neural
processes (Lieberman et al., 2002; Lieberman et al., 2004b),
which roughly corresponds to automatic and controlled
social perception (Gilbert, 1989; Smith and DeCoster, 1999;
Strack and Deutsch, 2004). In this model, we have
proposed that several brain regions, together called the
X-system (for the ‘x’ in reflexive) are involved in automatically coding the trait and evaluative implications of
observed behaviors, whereas another set of brain regions
called the C-system (for the ‘c’ in reflection) are responsible for holding inferential goals in mind and for taking
situational constraint information and other prior knowledge into account to alter the dispositional inferences
drawn from observed behaviors (Fig. 1). In this article, we
review the neural bases of these two systems, how they
may differentially contribute to social perception, and how

Fig. 1 – Neural correlates of the C-system and X-system displayed on a canonical brain rendering from (A) lateral, (B) ventral,
and (C) medial views. Note: the hippocampus, nucleus accumbens, and amygdala are actually subcortical structures that are
here on the cortical surface for ease of presentation.
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this distinction may be useful for future research on social
perception.

2.

The reflective and reflexive systems

Since the original formulation of the X- and C-systems and in
the development of this model since (Lieberman, in press),
several criteria have been used to identify candidate regions
and assign them to one system or the other. Neural components of the C-system are proposed to be fast learning, slow
operating, symbolic, or propositional structures (Table 1). The
operations of the C-system are typically experienced as an
internal linguistic monologue emerging in a freely chosen way
from oneself and are associated with the experience of agency
or will. Because of the symbolic computational ability of the Csystem, it is best suited to represent asymmetric relationships
(e.g., ‘if x then y’ which does not imply ‘if y then x’), exceptions,
special cases, negation, and counterfactuals. Considering that
symbolic capabilities are recent developments in evolution
(Deacon, 1998), C-system structures are also likely to be
phylogenetically younger than X-system structures.
Neural components of the X-system are proposed to be slow
learning, fast operating, bidirectional, parallel-processing
structures (Table 1). The operations of the X-system may or
may not be conscious, but are not reflectively conscious.
Because of the bidirectional nature of X-system representations and processes, it is best suited for processing implicit
semantic and evaluative associations (e.g., dog ↔ cat,
terrorists ↔ bad), rather than asymmetric relationships.
These associations are not fixed or rigid; rather, the semantic
and affective evaluation of a given stimulus by the X-system is
in flux with the environmental context and constraint
satisfaction processes within the X-system neural architecture
(Mitchell et al., 2003).
The C-system is posited to include lateral prefrontal cortex,
posterior parietal cortex, medial prefrontal cortex, rostral
anterior cingulate cortex (rACC), and the hippocampus and
surrounding medial temporal lobe region (MTL). The X-system
is posited to include the amygdala, basal ganglia, ventromedial prefrontal cortex, dorsal anterior cingulate cortex (dACC),
and lateral temporal cortex. Many of these claims are based on
work that does not seem to be directly related to social
cognition. This is because our model of symbolic and non-

Table 1 – Features associated with X- and C-systems
X-system
Parallel processing
Fast operating
Slow learning
Non-reflective consciousness
Phylogenetically older
Representation of symmetric
relations
Representation of common cases

C-system
Serial processing
Slow operating
Fast learning
Reflective consciousness
Phylogenetically newer
Representation of
asymmetric relations
Representation of special
cases
Representation of abstract
concepts (e.g., negation,
time)

symbolic processes cuts across the distinction between
cognitive and social cognitive processes. Importantly, the
model reveals points of contact between what may be
considered disparate cognitive and social cognitive neural
circuitry.
The collection of brain regions assigned to one system or
the other is an evolving process as relevant data are collected
on previously unassigned regions or new data suggest that a
previous assignment should be updated. Thus, despite substantial cognitive, morphological, and phylogenetic reasons
for the current assignments, it is unlikely that this model has
seen the end of its evolution. It should be taken as a working
model rather than a finished product.

3.

The X-system for reflexive social cognition

3.1.

Amygdala

The amygdala has been proposed to have numerous functions
associated with both fearful (LeDoux, 2003) and rewarding
(Baxter and Murray, 2002) stimulus properties, though it may
be more sensitive to negative than positive valence (Wager et
al., 2003). Projections from the amygdala produce a cascade of
behavioral responses geared towards fight or flight style
responses (LeDoux, 1996, 2003). Placing the amygdala in the
X-system is supported by studies showing that the amygdala
responds to subliminal presentations of fearful stimuli
(Cunningham et al., 2004; Liddell et al., 2005; Morris et al.,
1999; Pasley et al., 2004; Whalen et al., 1998), fear conditioning
in the absence of awareness of the unconditioned stimulus
(Morris et al., 1998), and by relative robustness of response
despite attentional modulation (Öhman, 2005). The response
properties of the amygdala towards fearful stimuli may be
modulated by anxiety (Pessoa et al., 2002), possibly indicating
that the automatic evaluation of stimulus relevance may
depend on a person's personality traits as determined by
genetics or personal history (Hariri et al., 2002).
In contrast to the general guidelines for assigning a region
to the X-system, the amygdala is capable of fast learning
under certain circumstances, although it does typically learn
slowly over time in conditioning paradigms. This anomaly of
amygdala function may be the result of further specialization
of the amygdala than is generally considered in human
neuroimaging research. Swanson has argued on the basis of
morphological characteristics and neurotransmitter receptor
distributions that there are components of the amygdala, the
lateral and basolateral nuclei, that are actually part of the
cortex in the medial temporal lobe, and that these are the
regions of the amygdala that are critical for single-trial
learning in the amygdala (Swanson and Petrovich, 1998).

3.2.

Basal ganglia

The set of structures comprising the basal ganglia have been
implicated in automatic components of affect, cognition, and
behavior. The putamen and caudate nuclei seem to underlie
implicit learning, probabilistic learning, and motor skill
acquisition, which is slow to acquire but fast to execute once
learned (Knowlton et al., 1996; Poldrack et al., 1999; Lieberman
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et al., 2004a). The ventral striatum, an interconnected circuit
consisting of the nucleus accumbens and ventromedial
aspects of the putamen, globus pallidus, and caudate nuclei,
seems to be involved in the evaluation and prediction of both
pleasant and unpleasant stimuli (Knutson et al., 2002, 2004),
though it has most often been associated with a variety of
reward-related stimuli including administration of drugs,
winning money, and viewing pictures of a romantic partner
(Bartels and Zeki, 2000; Breiter et al., 1997; Zalla et al., 2000).
Recent work in our laboratory has indicated that the
ventral striatum is particularly responsive to processing
subjective value, or providing an assessment of value that is
contingent upon the current social context of the perceiver
(Tabibnia et al., submitted for publication). That is, ventral
striatum seems to be more responsive to the perceived
fairness of a monetary offer than to the objective size of the
monetary offer. For example, $4 offered out of $10 shows
greater reward-related striatal activity than $4 offered out of
$20.
Taken together, the basal ganglia seems to play a role in
learning statistical regularities of the world and attaching
emotional and motivational significance to them. Lieberman
(2000) juxtaposed this learning environment to that underlying
social intuition. Phenomenally, social intuition can be defined
as the feelings, judgments, or hunches people have towards
other social targets or situations that are often experienced in
the absence of a well-articulated reason. In accordance with
implicit learning paradigms, the basal ganglia may pick up on
well-learned probabilistic regularities that exist in social
interactions and situations, which may form the basis of social
intuitions. Speculatively, this may include the implicit learning of social rules, expectations, and norms, and linking them
with corresponding emotional and motivational states such as
perceived fairness or unfairness when these expectations are
violated. Critically, social psychologists have shown that these
intuitive social processes often occur automatically without
explicit intentions (Ambady, 1999; Cheng and Chartrand, 2003;
Lowery et al., 2001).

3.3.

Ventromedial prefrontal cortex (VMPFC)

The ventromedial prefrontal cortex lies at the intersection of
the medial region of prefrontal cortex and the orbital or
bottom region of prefrontal cortex (BA11). The damage to the
famous patient Phineas Gage was primarily in VMPFC and
Gage's deficits in social cognition are well known (Damasio,
1994). This area has strong parallel connections with the basal
ganglia, amygdala and other limbic structures (Gaffan and
Murray, 1990; Öngür and Price, 2001), and also seems to be
required for the long-term formation of intuitions regarding
stimulus-outcome probabilities prior to, or perhaps even
irrespective of, explicit awareness of them (Bechara et al.,
1997). Milne and Grafman (2001) have also observed that
patients with VMPFC damage do not show evidence of implicit
gender stereotyping on the implicit association test (Greenwald et al., 1998). Most recently, Deppe et al. (2005) demonstrated that susceptibility to framing effects is positively
related to activity in VMPFC. Framing effects have been
considered a consequence of capitalizing on operational
properties of intuitive over deductive reasoning (Kahneman,
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2003), further supporting the role of VMPFC in conjunction
with the basal ganglia in the formation of automatic intuitions. Finally, a recent ERP study (Carretie et al., 2005) localized
early responses (~150ms) to subliminally presented threat
stimuli to VMPFC meeting two criteria of the X-system in
sensitivity of subliminal presentations and speed of response.

3.4.

Dorsal anterior cingulate cortex (dACC)

Previously, the anterior cingulate cortex as a whole was
included as a C-system structure, however, given that dACC
is involved in the emotional distress of physical and social
pain (Eisenberger et al., 2003; Lieberman and Eisenberger,
2005), it may be more appropriate to characterize the dACC
as an automatic alarm system that may reside in the Xsystem but be critical to ‘notifying’ the C-system that its
abilities to respond flexibly and deal with novelty are
needed. More on the relationship of dACC and rACC to the
X- and C-systems can be found below in the section on
rACC.

3.5.

Lateral temporal cortex

The lateral temporal cortex (LTC) consists of lateral and
inferior portions of the temporal lobes, the temporal poles,
and the superior temporal sulcus. It has been implicated in
semantic and conceptual processing in both imaging studies
(Crinion et al., 2003; Mummery et al., 1999; Rissman et al.,
2003; Rossell et al., 2001) and neuropsychological investigations of patients with semantic dementia (Garrard and
Hodges, 2000; Mummery et al., 2000). LTC is particularly
relevant to social cognition for semantic and perceptual
processes rather than affective processes. These regions may
contain the semantic information responsible for constructing stereotypes (Hart et al., 2000), individual impressions
(Mitchell et al., 2002), and dispositional attributions (Lieberman et al., 2002).
Perhaps the most studied region of LTC from a social
cognitive perspective is the superior temporal sulcus (STS).
This area seems to be particularly relevant for recognition of
other people, the actions they perform, and for positing
intentions. In primates, single-cell recording studies in the
STS have found a significant proportion of cells to be faceselective, some of which respond to specific individuals
(Bruce et al., 1981; Perrett et al., 1982; Oram and Perrett,
1996). Some cells also appear selective for which direction a
target is facing (e.g., towards the subject, or left or right
profile views), translational body motion, and many respond
to interactive combinations thereof (Oram and Perrett, 1996;
Jellema et al., 2004). Cells in STS are also sensitive to hand–
object interactions (Perrett et al., 1989) and eye-gaze of social
targets (Jellema et al., 2000), indicating that STS may be
involved with imputing intentions or goal states in others.
An analogous region in posterior STS has been found in
humans. Imaging studies have shown STS activity in response
to action observation (Rizzolatti et al., 1996; Iacoboni et al.,
2001; Puce et al., 1998), biological motion (Grossman et al.,
2000; Bonda et al., 1996; Pelphrey et al., 2003), and eye-gaze
tracking (Puce et al., 1998; Pelphrey et al., 2004). Posterior STS
has also been activated in studies exploring theory of mind,

90

BR A IN RE S EA RCH 1 0 79 ( 20 0 6 ) 8 6 –97

perspective taking, and attribution of intentionality to perceptual Heider-Simmel type displays (Goel et al., 1995; Brunet
et al., 2000; Gallagher et al., 2000; Saxe et al., 2004; Saxe and
Kanwisher, 2003; Castelli et al., 2000). More recently, it has
been found that activity in pSTS linearly increased as the
perception of animate motion increased (Shultz et al., 2005),
supporting the involvement of STS in forming intentional
attributions (Blakemore and Decety, 2001).
Though STS is shown to be functionally and anatomically
heterogeneous, collectively this region seems to be involved in
automatic visual perception of social targets, identification of
their actions, and attribution of their mental goal states to
their behaviors (Allison et al., 2000). Further supporting the
placement of this region in the X-system is the neural
evidence that neuronal discharge in this region occurs
relatively fast, within 200 ms of stimulus onset (Perrett et al.,
1985; Allison et al., 2000), and the behavioral evidence that
perception of biological motion and attribution of intentional
states to others in Heider-Simmel type displays as well as to
presented facial expressions is known to occur rapidly and
effortlessly (Johansson, 1973; Scholl and Tremoulet, 2000;
Ambady and Rosenthal, 1992).

4.

The C-system for reflective social cognition

4.1.

Lateral prefrontal cortex

Lateral prefrontal cortex is the primary structure involved in Csystem processes and has been consistently activated in many
effortful and resource-demanding cognitive tasks that require
symbol manipulation including working memory (Cabeza and
Nyberg, 2000; Baddeley, 1986), reasoning and logic (Noveck et
al., 2004), fluid intelligence (Gray et al., 2003; Prabhakaran et al.,
1997), analogy (Hummel and Holyoak, 2003), and mathematical
problem-solving (Prabhakaran et al., 2001). It has been
implicated in asymmetric relational reasoning such as causal
reasoning in which relationships between events are unidirectional rather than bidirectional (e.g., X causes Y does not
entail that Y causes X; Satpute et al., 2005); an ability which
seems require symbolic computations (Hummel, 1999; Waldmann and Walker, 2005; Lieberman et al., 2002). Moreover,
activity in LPFC is related to the experience of volitional or
‘willful’ actions (Lau et al., 2004), which is a critical component
of C-system processes. In regard to social cognition, LPFC may
also be involved in emotion-regulation (Ochsner and Gross,
2005) and behavioral inhibition (Aron et al., 2004).

4.2.

Posterior parietal cortex

In combination with LPFC, lateral regions of posterior parietal
cortex are commonly activated in tasks requiring working
memory (Cabeza and Nyberg, 2000), and may also be involved
in reasoning (Kroger et al., 2002; Satpute et al., 2005). Medial
regions of PPC are activated under conditions of self-focused
attention (Gusnard et al., 2001; Lieberman and Pfeifer, 2005)
and perspective taking (Ruby and Decety, 2001), which may
require symbolic representations in order to decouple other
from self.

4.3.

Rostral anterior cingulate cortex (rACC)

The ACC is often associated with conflict detection or error
processing (Botvinick et al., 2001) and divided into regions
dedicated to the processing of emotional (rACC) and cognitive
(dACC) conflict (Bush et al., 2000). Although the rostral/dorsal
distinction has been helpful in organizing a diverse set of
findings associated with ACC activity in the 1990s, this
distinction may not be able to account for a number of
findings that have emerged since the time of that proposal.
Eisenberger and Lieberman (2004) suggested that the
rACC and dACC could be better characterized in terms of
non-symbolic and symbolic representations of conflict,
respectively. They review studies of cognitive conflict,
emotional processing, and pain and within each domain,
some studies activated dACC and some activated rACC.
However, if the object of conflict was explicit or reflected
upon there was a greater tendency for rACC activity over
dACC activity. For instance, negative emotions which by
definition have a particular object, person, or event that
they are focused on (i.e., being mad at a person) tended to
activate rACC, whereas anxiety, which has been defined as
fear in the absence of a particular object, is more
associated with dACC activity. Similarly, unanticipated
pain that is detected bottom-up from sensory processes
activated dACC (Rainville et al., 1997; Eisenberger et al.,
2003); however, anticipated pain recruits rACC but not
dACC (Ploghaus et al., 2003).
Additionally, Smith (1945) observed that, in macaques, the
entire ACC was morphologically analogous to human dACC. In
other words, in primates that lack the capacity for symbolic
processing (Thompson and Oden, 2000), there is no rACC. More
recent evidence points to “spindle cells” (Nimchinsky et al.,
1999) that appear in rACC, but not dACC, and are present in
diminishing densities in the ACC of children and other
primates paralleling the drop-off in symbolic capacities
(Craig, 2004).

4.4.

Medial temporal lobe

The medial temporal lobe (MTL) has been placed in the Csystem because of its integral role in recollection, or memory
retrieval accompanied with the conscious experience of a
particular learning episode (Eldridge et al., 2000). On a
phenomenal level, directed memory retrieval involving a
conscious experience of the prior learning episode requires a
temporary override of current perceptual inputs presented to
the X-system so as to partake in the recollective experience.
One use of this kind of recollective memory may be to serve
as a repository for situations in which control could be
useful (Lieberman, in press). That is, MTL may be useful in
retrieving memories that either aid in identifying when
control is needed and provide alternative behavior possibilities that run counter to habitual response patterns.
Properties of MTL and its interaction with striatal structures support this notion. The hippocampal structure in MTL
has been implicated as a fast and flexible learning structure
via a sparse representational coding scheme (McClelland et
al., 1995) and may also be involved in overriding the slow and
rote learning of habitual responses produced by striatal
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systems (Miller and Cohen, 2001; Sloman, 1996; Poldrack and
Packard, 2003). If a situation is encountered frequently
enough, the X-system will change its habits to accommodate
the situation. But since the X-system is generally slow to
change, these C-system memories could be useful in the
interim.

4.5.

part defined using the very data they purport to explain.
However, this circularity is lessened since the tasks we used to
define the X- and C-systems are separable from those which
we hope to apply this paradigm to, and since converging
methods including morphological, neuropsychological, and
phylogenetic data are all used in assigning neural regions to
systems.

Medial prefrontal cortex (MPFC)

In previous iterations of the X- and C-systems, MPFC (BA 9/10;
dorsal to VMPFC) has not been assigned to either system
despite its obvious relevance to self and social cognition (Frith
and Frith, 2003; Lieberman and Pfeifer, 2005). One consideration for assigning this region to the C-system is the fact that it
is relatively larger in humans than other primates (Semendeferi et al., 2001). Additionally, cognitive load parametrically
decreases the activity observed in MPFC (McKiernan et al.,
2003) suggesting that it may not be able to operate in parallel
with other controlled processes. At this point, the designation
to the C-system is tentative and discussed further in the
section on the automatization of social attribution processes.

5.
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Application to social perception

In our previous work (Lieberman et al., 2002), we described how
the X- and C-systems could instantiate existing dual-process
models of dispositional attribution. Specifically, this account
focused on how LPFC would be involved in holding an
attributional goal online, which would bias constraint satisfaction processes in LTC supporting automatic attributions to
produce hypothesis-consistent attributions. These initial attributions could be corrected on the basis of situational information and the situation's role in producing the observed behavior
in the form of propositional rules (e.g., if Roberts was only
following orders as an advocate, then we should not assume
that his behavior reflects his personal beliefs). The corrective
process was presumed to rely on LPFC, although it now seems
possible that MPFC regions may also be involved in this explicit
consideration of social pressures. Here, rather than extending
or refining this model, we take a step back to examine the forest
rather than the trees, and in doing so make a much more
modest proposal: that our understanding of the neural bases of
social perception, ToM, and other related processes would
profit from assessing whether some of the regions supporting
these processes operate in more automatic or controlled ways.
Knowledge of whether a particular ToM task relies on symbolic
processes or not would indicate what kinds of manipulations
would influence performance on this task.
The use of this approach relies on some important
assumptions. First, it is assumed that some neural regions
can be exclusively assigned to the X- or C-system. Second, it is
assumed that a task that activates one of these neural regions
implements the corresponding computational process (in this
case, symbolic or non-symbolic computations). Hence, the use
of this approach relies on ‘reverse inference’ logic (Poldrack, in
press): the inference that a particular cognitive process is
engaged by performance of a given task as indicated by a
neural region activated by the task. At first glance, this may
seem circular since it may be argued that these systems are in

5.1.

Tests of automaticity in social attribution

5.1.1.

Subliminal presentation

Behavioral research on social cognition typically uses one of
two techniques to assess whether a process of interest is
automatic or controlled. One technique is subliminal presentation of stimuli outside of awareness. If some process occurs
even when there is no conscious awareness that the process
has been invoked, this is strong evidence that the process is
automatic (Bargh and Chartrand, 1999). A neural region of
interest (ROI) that responds to subliminal presentation
sufficiently demonstrates its involvement in the automatic
processing of the stimulus, though it does not exclude the
ROI's participation in controlled processes. However, our
framework allows for subliminal presentation to be sufficient
for an assignment of the region to the X-system. Subliminal
presentation as a technique though is limited in its application because we live in a supraliminal world, albeit one that is
not always reflected upon (Langer, 1989). Thus, while it has
been applied to the processing of static images of emotional
faces (Morris et al., 1999; Whalen et al., 1998), it would not be
possible to present stories or picture sequences that depend
on theory of mind, subliminally.

5.1.2.

Cognitive load

The second commonly used technique, cognitive load, has
been used repeatedly to disentangle the automatic and
controlled components of attribution (Gilbert et al., 1988;
Trope and Gaunt, 2000), stereotyping (Fein and Spencer, 1997;
Gilbert and Hixon, 1991; Payne, 2001), and person knowledge
(Macrae and Bodenhausen, 2000). Cognitive load consists of
performing a resource-demanding task concurrently with a
task of interest. To the extent that the task of interest is
automatic, it will not be influenced by the load manipulation.
One reason for this is that controlled processes operate
serially rather than in parallel, resulting in task-switching
costs. A second reason is that controlled processes may rely on
a shared pool of resources (Baumeister et al., 1998; Kahneman,
1973); performing highly divergent but resource-demanding
tasks one after the other results in worse performance on the
secondary task. For instance, emotional self-regulation (e.g.,
suppressing emotions in response to a provocative stimulus)
results in poorer subsequent performance in solving anagrams (Baumeister et al., 1998). In other words, the neural
systems that support controlled processes may be similar to
muscles in that they may tire in the short term with intense
use and may strengthen over the long term if ‘exercised’
regularly. This indicates that though C-system structures may
have their own distinct functional specialties, they may
nonetheless rely on a shared resource pool.
Adapting the cognitive load paradigm to a functional
neuroimaging environment is not straightforward, for how
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are the hemodynamic consequences of cognitive load to be
interpreted? Supposing dual-task performance causes an
increase in activity in a given ROI relative to the task of
interest alone. This increase could be attributed to (i) greater
effort to maintain performance in the task of interest, (ii)
operations required by the load task, or (iii) an interactive
property between the two tasks (e.g., a third process is
invoked to regulate task switching). To narrow down these
possibilities, it is useful to know the neural properties of
both tasks being performed individually. If the ROI is
activated by cognitive load on its own and not by the task
of interest, greater activity in the ROI during the dual-task
situation could be interpreted as drawing upon more
resources to maintain adequate performance for the load
task. The same applies to the alternative situation involving
the task of interest. In both cases, however, interactions
between processes involved in both tasks may also be
occurring. Some possibilities might be: (i) integration—the
involved processes may integrate with each other making
two independent tasks merge into a single combined task,
(ii) process recruitment—the dual-task situation may recruit
additional processes involved in monitoring and switching
between the separate tasks, or (iii) strategic changes—the
dual-task situation may cause participants to adopt new
strategies in task performance. Interactive properties are
also the case when an ROI is active under dual-task
conditions, but not in either task presented alone.
Though the inferential consequences of load are numerous, in conjunction with theoretical expectations and
corroboration with behavioral results, cognitive load may
prove to be a useful tool to ascertain whether regions
should be assigned to X- or C-systems. For example, in
perhaps the only neuroimaging study to use cognitive load
thus far, Foerde et al. (in preparation) found that performance on an implicit learning task correlated with
hippocampal activity under single-task conditions but
correlated with striatum under dual-task conditions, supporting their model of competition between these two
memory systems. From our theoretical perspective, these
results demonstrate that the hippocampus is rightly
characterized as a C-system structure since cognitive load
reduces its efficacy. It also supports the role of striatum in
the X-system since cognitive load increased its efficacy
(note that though basal ganglia may not be correlated with
performance in the single-task condition, this is because it
is typically overruled by hippocampal output to behavioral
responses; Poldrack and Packard, 2003).
For initial studies using cognitive load, one may consider
the following suggestions:
1. Choose a cognitive load manipulation whose neural
properties are well-studied and are not expected to overlap
with the neural properties of the task of interest.
2. Choose a load manipulation that can be parametrically
modulated. This will allow for tracking of the influence of
load on ROIs that respond to the task of interest as well as
decoupling ROIs activated by increasing load from those
activated by the task of interest.
3. Include a functional run to isolate those regions involved in
the load manipulation alone.

4. Incorporate a behavioral task in which there is a fair
amount of variability in task performance, which can be
then correlated with neural data (e.g., Foerde et al., in
preparation).
For social perception, some good candidate load manipulations include working memory tasks whose neural
properties have been studied and seem to rely mostly on
DLPFC, which seems to be involved in working memory and
reasoning tasks that are not socially specific (Cabeza and
Nyberg, 2000). Moreover, the degree of interference produced
by cognitive load can be easily manipulated by parametric
variation of working memory load, allowing for more specific
behavioral and neural predictions to be drawn. According to
our model, though subregions of the C-system serve distinct
functions, because of the resource-limited nature of the Csystem, the activation of one subregion reduces the
resources available to other subregions. This can happen
during both simultaneous task performance and sequential
task performance. Consequently, performance on a Csystem based task drops significantly with the addition of
cognitive load even though both tasks may recruit separate
neural regions. Hemodynamically, this may manifest itself
as a reduction in activity in the dual-task condition, which
should correlate with performance decrements.

5.2.

Automatization of social attribution processes

There is a general tendency to think of tasks involving
attribution of mental states such as ToM as involving high
level processes because only humans and perhaps a few other
animals (Emery and Clayton, 2005; Heyes, 1998) share this
capacity. However, there are other unique capacities of human
higher cognition that initially depend on the C-system but
with practice come to be largely automated and supported by
the X-system. For instance, despite the probable dependence
of initial self-awareness and the early development of selfknowledge on MPFC in the C-system, there is reason to believe
that with repeated self-processing in a particular domain, the
X-system can produce self-related outputs. In one study
(Lieberman et al., 2004b), we observed that when actors and
athletes were asked to judge the self-descriptiveness of traits
related to acting and athletics, these individuals activated
most of the neural regions in the X-system for the trait words
that were in their high experience domain, but not for words in
the other domain. Additionally, 10 year olds who are just
beginning to establish integrative self-knowledge, show
greater MPFC activity than adults when judging the selfdescriptiveness of trait words (Pfeifer et al., submitted for
publication).
Just as inception of self-awareness and self-knowledge
may initially require C-system regions but may become
automated over time, ToM processes may follow a similar
trajectory. That is, MPFC may be necessary for a person to ever
have the ability to think about the psychological states and
traits of other people; however, over time, some of the mental
operations may become automatized and supported by
regions in the X-system instead. Although no research has
explicitly examined the automatization of ToM processes and
the corresponding shift from C- to X-system structures, some
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existing research is suggestive. Wang et al. (submitted for
publication) examined the neural correlates of irony comprehension in children and adults. Comprehending irony requires
thinking about the communicative intent of the speaker and
thus has been used to assess ToM in several studies (ShamayTsoory et al., 2005). Wang et al. found that although children
produced significantly more MPFC activity during the ironic
trials compared to the non-ironic trials, adults produced no
MPFC activity during ironic trials compared to non-ironic trials
despite the fact that there was no difference in accuracy or
reaction times between the children and the adults. The fact
that there is a strong negative correlation (r = − 0.71) between a
child's age (range: 9–14) and the magnitude of activity in MPFC
also suggests that, with greater experience and development,
some of the operations of the MPFC can be automated and
performed by other regions of the brain. Indeed, a recent paper
by Bird et al. (2004) observed that an adult with extensive
damage to MPFC showed intact ToM performance on five
different tasks. Thus, MPFC may be activated in adults during
some mental acts involving ToM, but it may no longer be
necessary for successful performance.
These studies of the self and ToM are suggestive in that
MPFC may perform symbolic functions unique to human
social cognition that are to some extent slowly learned by Xsystem structures over time. If this account is true, our model
would predict that ToM processes which have been encoded in
the X-system will not be impacted by cognitive load.
Conversely, those that still rely on MPFC will be affected by
cognitive load. Given that over time both MPFC and X-system
structures contain the information to solve the problem of
mental inference, MPFC may correlate with performance
during single-task conditions whereas X-system structures
may correlate with performance during dual-task conditions,
analogous to the Foerde et al. (in preparation) study. No study
to date has explicitly examined which brain regions involved
in ToM processes continue to produce the same outputs
whether the individual is under cognitive load or not. Studies
along these lines should help to better constrain our understanding of the qualitatively different kinds of processes
involved in social cognition and the computations performed
by the different brain regions involved.

5.3.

New directions in fMRI studies of social cognition

To the extent that the descriptions of the X- and C-systems are
valid, there are a number of computational and experiential
correlates that would be hypothesized for activity in various
brain regions as it relates to social cognition. Some of these
hypotheses may help to organize existing findings, whereas
others may suggest new research that would refine our
understanding of social cognition and its neural bases.
Accordingly, we suggest that MPFC should be considered a
C-system structure, and LTC a repository of mental state
attributions and trait inferences derived from MPFC (Lieberman et al., 2002). Though MPFC is activated without an explicit
instruction to do so in situations that allow for mentalizing
(German et al., 2004), such as in watching Heider-Simmel
displays (Castelli et al., 2000) or social interactions (Iacoboni et
al., 2005), the spontaneous engagement of a process does not
guarantee that its operations are automatic or possess the
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qualities associated with the X-system. As suggested by the
developmental neuroimaging data above, MPFC may be
involved in more explicit representations of social inference
that become automated over time in LTC. Positive relationships between executive function and ToM abilities further
support the notion that some aspects of mentalizing involve
symbolic computation, and though ToM has been dissociated
from more basic working memory tasks (Stone et al., 1998),
taken together, this fits the idea that MPFC and DLPFC serve
functionally separable but computationally related aspects of
the C-system. This hypothesis further predicts that resourcelimiting experiments in the form of either cognitive load or
self-regulation should particularly impair performance on
higher-order mentalizing tasks that rely more heavily on
MPFC (e.g., recognition of faux pas).
Activity in MPFC should be predicted by situations in which
the computational properties of LTC are insufficient for
performance. As a component of the X-system, LTC is
expected to behave on the basis of habitually drawn inferences. LTC is not equipped to handle attributions that are
novelor at odds with automatic inferences. This includes
negation of an attribution and the ability to correct a
misguided attribution. In such cases where the habitual or
automatic mental attribution drawn is inaccurate or at odds
with the behavior of the social target or goals of the perceiver,
MPFC may be recruited to provide a more deliberated
response. For instance, suspicion, defined as when a perceiver
may consider alternative motivations than a surface reason
for a target's behavior (Fein, 1996), may preferentially engage
MPFC over LTC in social inference. Similarly, interactions
between MPFC and LTC may be found as a function of the
perceiver's automatic inference of personality and dispositional states of the social target, the perceiver's representations of the target's contextual goals, and finally, the
perceiver's own motivational and goal states.

5.4.
Relevance to the uniqueness of social cognition as an
irreducible domain
One issue of budding interest among neuroscientists interested in social cognition is whether the processes we are
studying are fundamentally different from “non-social” cognitive processes. From the perspective of our model, social
cognitive systems and cognitive systems are equally divisible
along the lines of computational properties of the X- and Csystem. Social processes may involve symbolic operations, as
required by self-regulation, social reasoning, and early stages
or non-habitual aspects of Theory of Mind. Social processes
may also be subsymbolic or associative, as with stereotypes,
dispositional attributions, and perhaps well-learned Theory of
Mind processes. Though there is a fair amount of evidence to
entertain the possibility that social and non-social cognitive
processes have non-overlapping neural regions, from the
perspective of this model, they nonetheless share fundamental computational similarities corresponding to symbolic and
associative operations. With respect to C-system processes,
social and non-social cognitive processes are hypothesized to
be competing over the same resources. As such, the use of,
say, dorsolateral prefrontal cortex, considered to be a cognitive area involved in working memory, will reduce the efficacy
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of ventrolateral prefrontal cortex, an area involved in selfregulatory behavior. With respect to X-system processes,
there should be little to no interference in the operation of
one X-system process towards another so long as they are not
producing competing interpretations of perceptual information. Hence, the value of this approach is that it provides a
computational bridge between seemingly disparate social and
non-social cognitive operations that may reveal dependencies
that are otherwise unintuitive.

6.

Conclusion

Though dual-process models are acknowledged to be a rough
cut at the complexity of social behavior, they have provided
behavioral researchers with an investigative tool that is
generative, explanatory, and simple. In this article, we
extended the use of dual-process models to neural systems
and in prior work, to phenomenal aspects, too (Lieberman et
al., 2002). In total, the model layers neural, computational, and
phenomenal aspects of social perception together. This
application is nascent in that the kind of evidence that is
required to make definitive claims about the automatic or
controlled nature of a neural region is largely unavailable.
Nonetheless, the available behavioral and neural studies allow
for an initial framework to be developed. Ultimately, our
division of neural regions into reflective and reflexive systems
seeks to provide a useful bridge between a great deal of
behavioral work in social cognition that has benefited from a
dual-processing approach and the rising interplay between
social cognition and neuroscience.
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