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Structured event complexes in the medial
prefrontal cortex support counterfactual

representations for future planning
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We propose that counterfactual representations for reasoning about the past or predicting the future
depend on structured event complexes (SECs) in the human prefrontal cortex (PFC; ‘What would
happen if X were performed in the past or enacted in the future?’). We identify three major categories
of counterfactual thought (concerning action versus inaction, the self versus other and upward versus
downward thinking) and propose that each form of inference recruits SEC representations in distinct
regions of the medial PFC. We develop a process model of the regulatory functions these
representations serve and draw conclusions about the importance of SECs for explaining the past
and predicting the future.

Keywords: structured event complexes; prefrontal cortex; counterfactual reasoning; planning;
prediction; event knowledge
1. INTRODUCTION
Remembering the past and predicting the future depend

on the ability to shift from perceiving the immediate

environment to an alternative, imagined perspective.

Mental models of imagined past events or future

outcomes not yet at hand support counterfactual thinking
(‘What would happen if X were performed in the past or

enacted in the future?’; Kahneman & Miller 1986; Byrne

2002). The capacity for counterfactual thought enables

learning from past experience (Byrne 1997), supports

planning and predicting future events (Brase & Barbey

2006; Barbey & Sloman 2007), provides the basis for

creativity and insight (Sternberg & Gastel 1989; Thomas

1999; Costello & Keane 2000) and gives rise to emotions

and social ascriptions (e.g. guilt, regret, blame) that are

central for managing and regulating social behaviour

(Landman 1987; Miller & Turnbull 1990; Niedenthal

et al. 1994; Davis et al. 1995; Zeelenberg et al. 1998).

The neural representation of counterfactual inference

draws upon neural systems for constructing mental

models of the past and future, incorporating prefrontal

and medial temporal lobe structures (Tulving &

Markowitsch 1998; Fortin et al. 2002). In this article,

we develop an integrative cognitive neuroscience frame-

work for understanding counterfactual reasoning on the

basis of structured event complexes (SECs) in the human

prefrontal cortex (PFC).

We begin by reviewing the biology and structure of

the human PFC and introduce a cognitive neuro-

science framework for the representation of event
tribution of 18 to a Theme Issue ‘Predictions in the brain:
r past to prepare for the future’.
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knowledge within the PFC. We then survey recent
neuroscience evidence in support of the SEC frame-
work and establish the role of distinct PFC subregions
in the representation of specific forms of event
knowledge. After reviewing the cognitive and neural
foundations of the SEC framework, we show how this
approach accounts for counterfactual reasoning. We
identify three major categories of counterfactual
inference (concerning action versus inaction, the self
versus other and upward versus downward thinking)
and review neuroscience evidence for their represen-
tation in distinct regions of the medial PFC. Finally, we
draw conclusions about the importance of SECs for
learning from past experience, planning and predicting
future events, creativity and insight, and the manage-
ment and regulation of social behaviour.
2. NEUROBIOLOGY OF THE HUMAN
PREFRONTAL CORTEX
SECs are representations composed of goal-oriented
sequences of events involved in executing, planning
and monitoring action. We briefly review the biology
and structure of the human PFC, providing evidence to
support our proposal that the PFC stores cognitive
representations intimately concerned with goal-
directed action.

The PFC can be divided into ventromedial and
dorsolateral regions, each of which is associated with
posterior and subcortical brain regions. The ventro-
medial PFC (vmPFC) has reciprocal connections with
brain regions that are associated with emotional proces-
sing (amygdala), memory (hippocampus) and higher
order sensory processing (temporal visual association
areas), as well as with the dorsolateral PFC (dlPFC).
This journal is q 2009 The Royal Society
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The dlPFC has reciprocal connections with brain regions
that are associated with motor control (basal ganglia,
premotor cortex, supplementary motor area), per-
formance monitoring (cingulate cortex) and higher
order sensory processing (association areas, parietal
cortex). The vmPFC is well suited to support functions
involving the integration of information about emotion,
memory and environmental stimuli, and the dlPFC to
support the regulation of behaviour and control of
responses to environmental stimuli.

PFC neurons are particularly able to fire over
extended periods of time (Levy & Goldman-Rakic
2000) and across events (Fuster & Alexander 1971;
Bodner et al. 1996). This indicates that the PFC can
maintain stimulus representations across time,
enabling a subject to engage in behaviour to achieve
long-term goals. In addition, pyramidal cells in the
macaque PFC are more spinous—and therefore can
handle more excitatory inputs—than other cortical
pyramidal cells (Elston 2000). This is one structural
explanation for the PFC’s ability to integrate inputs
from many sources and to implement complex
behaviours. The monkey’s PFC contains cells that
respond to both internally generated and observed
behaviours—these have been termed mirror neurons
(Gallese et al. 1996). Similar regions have been shown
to be activated in humans when observing and
performing actions (Grafton et al. 1996; Rizzolatti
1996). These data support a role for the PFC in the
representation of action. Furthermore, Williams and
colleagues have suggested that abnormal development
of the PFC might lead to impaired social behaviour
(Williams et al. 2001), which can also be caused by
PFC damage later in life.

It is thought that the dlPFC evolved from motor
regions and developed much later than the vmPFC
(Fuster 1997). Motor regions store motor pro-
grammes; therefore, it seems reasonable that the
functions of the ‘newer’ PFC regions would be related
to those of the older ones, providing a representational
basis for goal-directed action.

In summary, the connectivity of PFC regions,
physiological properties of its neurons and evolutionary
principles are strongly suggestive of its role in the
integration of sensory and memory information and in
the representation and control of actions and
behaviour. Along with the extended firing of neurons,
specialized neural systems were developed that enabled
the parsing and encoding of these behaviours into
sequentially linked, but individually recognizable,
events. At the broadest level, events are parsed into
subcomponents consisting of an activity that signals the
onset of the event, followed by a series of activities
performed to achieve the desired goal, and a final
activity resulting in event completion. Events are
further characterized by their semantic content,
temporal duration and the number of component
activities they entail (Zacks & Tversky 2001; Zacks
et al. 2001).

We propose that the structure of event knowledge
can be conceptualized as a ‘representation’ or a unique
form of knowledge that, when activated, corresponds to
a dynamic brain state signified by the strength and
pattern of neural activity in a local brain region. In this
Phil. Trans. R. Soc. B (2009)
sense, over the course of evolution, the PFC became
capable of representing knowledge of more complex
behaviours. We have labelled these representational
units within the PFC structured event complexes (SECs;
Barbey et al. in press a, b).
3. STRUCTURED EVENT COMPLEX THEORY
AnSECis agoal-oriented setof events that is structured in
sequence and represents event features (including agents,
objects, actions, mental states and background settings),
social norms of behaviour, ethical and moral rules and
temporal event boundaries (see also Barbey et al. in press
a, b). Aspects of SECs are represented independently,
but are encoded and retrieved as an episode. The SEC
theory is a representational framework that motivates
specific predictions regarding the properties and local-
ization of SECs within the PFC (figure 1). We review
principal elements of the SEC theory before turning to an
assessment of its neurobiological predictions.

(a) Neural architecture

SECs are encoded and activated on the basis of
simulation mechanisms (Damasio 1989; Barsalou
et al. 2003a,b). A large body of neuroscience evidence
demonstrates that experience in the physical and social
world activates feature detectors in the relevant feature
maps of the brain. During visual processing of a face,
for example, some neurons fire for edges and planar
surfaces, whereas others fire for colour, configural
properties and movement. The global pattern of
activation across this hierarchically organized distrib-
uted system represents the entity in vision (Zeki 1993;
Palmer 1999). Analogous patterns of activation on
other sensory modalities represent how the face might
sound and feel. Activation in the motor system similarly
represents responses to the face, such as the formation
of a facial expression and approach/avoidance
behaviour. A similar mechanism underlies the intro-
spective states that arise while interacting with an
entity. For example, activation patterns in the amygdala
and orbitofrontal areas represent emotional reactions
to social stimuli. Much neuroscience evidence docu-
ments the structure of feature maps across modalities
and the states that arise in them.

When a pattern becomes active in a feature map
during perception or action, conjunctive neurons in an
association area capture the pattern for later cognitive
use. For example, conjunctive neurons in the visual
system capture the pattern active for a particular face.
A population of conjunctive neurons together codes
a particular pattern, with each individual neuron
participating in the coding of many different patterns.
Damasio (1989) called these association areas
convergence zones and proposed that they exist at
multiple hierarchical levels in the brain, ranging from
posterior to anterior. Most locally, convergence zones
near a modality capture activation patterns within it.
Association areas near the visual system, for example,
capture patterns there, whereas association areas
near the motor system capture patterns in this local
region. Downstream in more anterior regions higher
association areas—including temporal and frontal
regions — integrate activation across modalities.

http://rstb.royalsocietypublishing.org/
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Figure 1. SEC framework. The representational forms of structured event complexes (SEC) and their proposed localizations
within the prefrontal cortex (PFC).
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According to the SEC framework, event knowledge

is represented by higher order convergence zones

localized within particular regions of the PFC

(figure 1). Once a set of conjunctive neurons within

the PFC captures feature maps (representing com-

ponents of event knowledge, social norms, ethical and

moral rules and temporal event boundaries), the set can

later activate the pattern in the absence of bottom-up

stimulation. For example, on entering a familiar

situation and recognizing it, an SEC that represents

the situation becomes active. Typically not all of the

situation is perceived initially. A relevant person, setting

or event may be perceived, which then suggests that a

particular situation is about to play out. It is in the

agent’s interests to anticipate what will happen next so

that optimal actions can be executed. The agent must

draw inferences that go beyond the information given

(Griffin & Ross 1991). The SEC that becomes active

constitutes a rich source of social inference supporting

the planning, execution and monitoring of action. The

SEC can be viewed as a distributed pattern represent-

ing components of event knowledge (i.e. as a complex

configuration of multimodal components that
Phil. Trans. R. Soc. B (2009)
represent the situation). Because part of this pattern

matched the current situation initially, the larger pattern

became active in memory. The remaining parts of the

pattern—not yet observed in the situation—constitute

inferences, namely educated guesses about what might

occur next. Because the remaining parts co-occurred

frequently with the perceived parts in previous

situations, inferring the remaining parts from the

perceived parts is reasonable. As a partially viewed

situation activates an SEC, the SEC completes the

pattern that the situation suggests.

To the extent that the SEC is entrenched in memory,

pattern completion is likely to occur at least somewhat

automatically. As a situation is experienced repeatedly,

its simulated components and the associations linking

them increase in potency. Thus, when one component

is perceived initially, these strong associations

complete the pattern automatically. Consider the

example of meeting with a colleague. Her face, clothing

and bodily mannerisms initially match modality-specific

simulations in one or more SECs that have become

entrenched in memory. Once one of these wins the

activation process, it provides inferences via pattern

http://rstb.royalsocietypublishing.org/
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completion, such as actions that the colleague is likely to
take, actions that the perceiver typically takes, affective
states that are likely to result and so forth. The unfolding
of such inferences—realized as an SEC—produces social
prediction (for a cognitive neuroscience review of
simulation mechanisms in reasoning, see Barbey &
Barsalou 2009; Barbey et al. in press a, b; Patterson &
Barbey in press).

(b) Sequence structure

SECs integrate modality-specific components of event
knowledge, providing the semantic and temporal
structure underlying goal-directed action. At the
broadest level, SECs link event subcomponents
consisting of an activity that signals the onset of the
event (e.g. ‘hearing the morning alarm clock’),
followed by a series of activities performed to achieve
the desired goal (e.g. ‘waking up’, ‘getting out of bed’),
and a final activity resulting in event completion
(e.g. ‘arriving at work’). The temporal structure of
SECs further obeys cultural and individual constraints,
reflecting socio-cultural norms of appropriate
behaviour (e.g. in the United States, people typically
shower in the morning daily) and personal preferences
concerning the temporal order and frequency of
performed activities (e.g. the individual preference to
shower in the morning and at night daily). The
semantic and temporal structure of event knowledge
supports goal-directed action in dynamic environ-
ments, enabling the on-line modification of specific
activities (e.g. owing to changing circumstances) and
the simulation of only those event components
necessary for goal achievement in the present context
(e.g. beginning at various stages in the event sequence,
returning to earlier stages, skipping unnecessary
activities owing to time pressure).

(c) Goal orientation

The semantic and temporal structure of SECs derives
from event goals that provide the basis for the selection,
temporal ordering and execution of activities under-
lying an event. Some SECs are well structured, with
clearly defined goals and cognitive and behavioural
action sequences that are available for goal achieve-
ment. For example, individuals with a well-structured
SEC for ‘eating in a restaurant’ are quite confident that
once they have been seated at a table and have read the
menu, someone will appear to take their order.

By contrast, some SECs are ill-structured, requiring
the individual to adapt to unpredictable circumstances
by constructing novel or ad hoc goals, and selecting
appropriate action sequences on-line (Barsalou 1991).
For example, if someone sees that a person entering a
bank is wearing a ski mask and carrying a gun, one can
make sense of these events by completing the activated
‘bank robbery’ SEC to access further components of
event knowledge (concerning relevant agents, objects,
actions, mental states and background settings).

(d) Binding
Multiple SECs are activated to support the events of
our daily life and therefore it is likely that these
representations (such as events within an SEC) can
be activated in sequence or, additionally, in a cascading
Phil. Trans. R. Soc. B (2009)
or parallel manner. Event components interact and give
rise to SECs through at least three binding
mechanisms: sequential binding, proposed for linking
multiple SECs within the PFC (Weingartner et al.
1983); temporal binding among anatomically inte-
grated regions representing event subcomponents
in the posterior cortex (Engel & Singer 2001);
and third-party binding of anatomically loosely con-
nected regions whose activity is synchronized via the
hippocampus (Weingartner et al. 1983; O’Reilly &
Rudy 2000).

(e) Hierarchical structure

Given the slow development of the PFC during
childhood, individual events are probably initially
represented as independent memory units. For
example, SECs associated with ‘kitchen’ and ‘school
cafeteria’ cluster around the event ‘eat meal’, whereas
‘car’ and ‘school bus’ cluster around the event ‘travel to
new location’. Later in development, these primitive
SECs expand into large multi-event units, based
on repeated exposure and goal-directed action.
In addition, the boundaries of event sequences become
more firmly established, leading to a well-structured
SEC. Thus, in adulthood, SECs will range from
specific episodes to more abstract SECs that can be
applied to a variety of situations (Barsalou &
Wiemer-Hastings 2005). For example, the domain
‘eat meal’ includes specific episodes representing
evenings at a particular restaurant, SECs representing
the actions and themes of how to behave at different
types of restaurants, in addition to more abstract SECs
representing actions and themes related to ‘eating’ that
apply to a broad range of situations (e.g. at ‘restau-
rants’, ‘parties’, ‘picnics’, ‘baseball games’).
4. COUNTERFACTUAL THOUGHT
We propose that SECs provide the basis for counter-
factual reasoning about past and future events and
develop a process model of the regulatory functions
these representations serve. Our analysis reveals three
major categories of counterfactual inference and
grounds each form of inference in SEC representations
within distinct regions of the mPFC.

Counterfactual thinking involves mentally undoing
the present state of affairs and imagining alternative
realities ‘if only’ different decisions were made or
actions taken (Kahneman & Miller 1986; Byrne
2002). We propose that counterfactual thought
depends on mental models of alternative possibilities
represented in the form of SECs. For example, the
counterfactual inference that ‘If we chose to sail the
Mediterranean rather than continue writing, then you
would not be reading this article now’ draws upon SEC
knowledge, including the representation of relevant
agents (e.g. the authors), objects (e.g. a sailing boat),
actions (e.g. sailing), mental states (e.g. freedom) and
background settings (e.g. the Mediterranean Sea).
Simulations of the representational elements of SEC
knowledge provide the basis for evaluating the con-
sequences of alternative courses of action, with the
simulation of the authors ‘sailing the Mediterranean’
resulting in the failure to complete this article.

http://rstb.royalsocietypublishing.org/
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Figure 2. A process model of the regulatory functions
underlying counterfactual thought.
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A growing body of research demonstrates the
importance of counterfactual inference for generating
predictions about the future, supporting representations
of unknown future possibilities critical for planning and
decision making (e.g. ‘How well would the Cubs
perform next season if the manager would have acquired
key players in the off season?’; Brase & Barbey 2006;
Barbey & Sloman 2007). Predictions about the future
are supported by modifying a factual event (e.g. ‘If the
manager acquired key players in the off season.’) and
considering likely future consequences (e.g. ‘. would
the team perform well next year?’).

The SEC framework advocates a theory of motivated
thinking (Dunning 1999; De Dreu et al. 2006),
proposing that drives, needs, desires, motives and goals
structure and organize components of event knowledge
and profoundly influence judgement and decision
making. According to this framework, the primary role
of counterfactual thought is to support emotions and
social ascriptions that are central for managing and
regulating social behaviour. In particular, counterfactual
reasoning enables the representation of guilt, regret and
blame, which are central for adaptive social behaviour
(Landman 1987; Miller & Turnbull 1990; Niedenthal
et al. 1994; Davis et al. 1995; Zeelenberg et al. 1998). For
example, the counterfactual inference that ‘The
university would offer her a higher salary (in the past or
future) if she were a man’ gives rise to feelings of guilt and
regret (for the observed gender inequity) that promote
behavioural change, and enable the assessment of blame
(held by university policymakers) to support planning
and decision making (e.g. to apply for positions at other
universities). Counterfactual inference therefore enables
an assessment of the consequences of alternative
decisions or action sequences central for the represen-
tation of guilt, regret and blame.

The neural representation of emotions and social
ascriptions is distributed throughout the mPFC
and is integrated with posterior knowledge networks
via binding mechanisms in the medial temporal
lobe (Tulving & Markowitsch 1998; Fortin et al.
2002; Moll & de Oliveira-Souza 2007). This distrib-
uted pattern of multimodal information (e.g. repre-
senting agents, objects, actions, mental states,
background settings) gives rise to mental models for
counterfactual inference.

(a) Process model

According to the SEC framework, counterfactual
thought is deeply connected to drives, needs, desires,
motives and goals, and provides the basis for regulatory
mechanisms that keep behaviour on track, particularly
within social interactions. We propose that counter-
factual thought depends on SEC representations and
operates according to the following interactive process
model (figure 2) as follows.

(i) Counterfactual thoughts are activated when a
problem is encountered or anticipated in the
future. Failure to achieve the desired goal or the
anticipation of goal failure in the future typically
initiates counterfactual thinking (e.g. owing to
negative emotions, the desire for rewards
associated with goal achievement).
Phil. Trans. R. Soc. B (2009)
(ii) Counterfactual thoughts are generated from

causal implications represented by SECs in the

form of events (agents, objects, actions, mental

states and background settings) that lead to a

desired goal state (for a review of psychological

theories of causal representation and reasoning,

see Barbey & Wolff 2006, 2007, submitted;

Chaigneau & Barbey 2008; Patterson & Barbey

in press; Sloman et al. in press).

(iii) SECs activate corresponding behavioural inten-

tions (e.g. to perform a particular action),

mindsets (e.g. to focus on a particular class of

events), motivations (e.g. to modulate one’s

desire for a particular outcome) and/or self-

inferences (e.g. to monitor one’s public image)

which initiate corrective behaviour.

To the extent that such behaviour alleviates the

original problem, this mechanism is effective in

regulating behaviour in terms of goal pursuit (for a

review of medical health applications, see Gilbar &

Heyroni 2007; Wrosch et al. 2007).
(b) Categories of counterfactual inference

The proposed role of SECs in counterfactual thought

motivates the prediction that this form of inference

will depend on core elements of SECs, which

fundamentally represent actions performed by agents
leading to an observed outcome. The psychological

literature on counterfactual thought supports this

prediction, identifying three major categories of

counterfactual inference corresponding to core com-

ponents of SEC representations.

http://rstb.royalsocietypublishing.org/
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(c) Action knowledge

One broad distinction represents counterfactual
thought about action versus inaction, or the addition
versus subtraction of an action from the present state
(Roese et al. 1999). For example, the counterfactual
inference that ‘She should never go out the night before
an exam’ represents the addition of an action (‘going
out’), whereas the inference that ‘He should always
read the instructions carefully’ represents the removal
of an action (‘reading carefully’). This form of
counterfactual thought is central for evaluating con-
sequences of carrying out or failing to perform specific
actions (in the past or future).

(d) Agent knowledge

A second major category of counterfactual inference
represents reasoning about the self versus other (Mandel
2003). For example, the counterfactual inference that
‘Problems would be avoided if I attended the meeting’
represents features of the self, whereas the inference
that ‘Your skills would improve if you played more
often’ embodies features of others. Counterfactual
reasoning about the self versus other provides the
basis for adaptive social behaviour and inferring the
connection between specific mental states and particu-
lar patterns of behaviour (e.g. ‘She would not have left
early if she had wanted to talk with you’).

(e) Outcome knowledge

A third major category represents the comparison of a
current outcome with a better or worse alternative
(Roese & Olson 1995). For example, the counter-
factual inference that ‘She should accept the job with
the higher salary’ represents an upward inference about
a better alternative, whereas the observation that
‘Other people with her qualifications earn much less
than she does’ represents a downward inference about a
worse alternative. Counterfactual reasoning about
better versus worse outcomes is critical for learning
from the past and assessing alternative courses of action
in the future.

The reviewed categories of counterfactual inference
embody core features of SEC knowledge, enabling
adaptive social behaviour on the basis of actions, agents
and event outcomes.
5. NEUROSCIENCE REVIEW
We review neuroscience findings in support of the SEC
framework, providing evidence to confirm the rep-
resentational role of the human PFC and to support the
role of SECs in counterfactual thought. The represen-
tational aspects of SECs and their proposed local-
izations within the PFC are summarized in figure 1
(for a review of further evidence in support of the
SEC framework, see Barbey et al. in press a, b; Krueger
et al. in press).

(a) Category specificity of the PFC

The subdivision of the PFC into neuroanatomically
distinct regions designed to process specific forms of
knowledge supports the proposal that SEC represen-
tations are stored within particular regions of the PFC
on a content-specific basis (figure 1). Converging
Phil. Trans. R. Soc. B (2009)
evidence is provided by lesion studies demonstrating
selective impairments for social and reward-related
behaviour in vmPFC lesion patients (Dimitrov et al.
1999; Milne & Grafman 2001), and impairments for
mechanistic planning in dlPFC patients (Burgess et al.
2000; Goel & Grafman 2000).

Our research group conducted a PET study
providing further evidence to support the represen-
tation of domain-specific SECs for non-emotional
versus emotional event knowledge within the PFC
(Partiot et al. 1995). The employed non-emotional
task asked subjects to ‘imagine silently the sequence of
events and feelings concerned with preparation and
dressing before (their) mother comes over for dinner’.
By contrast, subjects in the emotional task were asked
to ‘imagine silently the sequence of events and feelings
concerned with preparation and dressing to go to
(their) mother’s funeral’. Consistent with the domain-
specific predictions of the SEC framework, distinct
patterns of neural activity were observed when subjects
assessed non-emotional versus emotional scripts. Non-
emotional scripts activated the right superior frontal
gyrus (BA 8), the bilateral middle gyrus (BA 8 and 9)
and the medial frontal gyrus (BA 6 and 10), whereas
emotional scripts recruited the left anterior cingulate
(BA 24 and 32), bilateral medial frontal gyrus (BA 8
and 9) and anterior medial temporal lobe (BA 21).

Employing fMRI, we further demonstrated that
social versus non-social SECs depend on a distinct
representational topography within the PFC (Wood
et al. 2003). We applied a modified go/no-go
paradigm in which subjects classified individual words
(e.g. ‘menu’, ‘order’) or phrases (e.g. ‘read the menu’,
‘order the food’) according to one of two focal
categories (social versus non-social). Social activities
recruited the left superior frontal gyrus (BA 8 and 9),
whereas non-social activities engaged the right superior
frontal gyrus (BA 8), the left medial frontal gyrus (BA
6) and the bilateral anterior cingulate (BA 25). Despite
the large body of evidence to support the role of the
orbitofrontal cortex (OFC) in social processing (Fuster
1997; Milne & Grafman 2001), activation in this region
was not observed. Further inspection of the functional
images demonstrated signal dropout in the OFC,
limiting conclusions drawn concerning the role of this
region in the storage of social SECs.

To further investigate this issue, we conducted a
lesion study in which patients with PFC lesions
and matched controls performed the classification
task of Wood et al. (2003, 2005a). Subjects classified
individual words (e.g. menu, order) or phrases
(e.g. read the menu, order the food) as representing
social versus non-social events. Patients with damage to
the right OFC demonstrated cognitive impairments
in the accessibility of script and semantic represen-
tations of social (rather than non-social) activities,
providing evidence to support the role of the OFC in
social processes.

In a subsequent fMRI study, we applied multi-
dimensional scaling to assess the psychological
structure of event knowledge and its neural represen-
tation within particular regions of the PFC (Wood et al.
2005b). Multidimensional scaling revealed three
psychological dimensions underlying event knowledge
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Figure 3. Neural predictions of the SEC theory of counter-
factual thought. The dorsomedial prefrontal cortex (dmPFC)
represents counterfactual reasoning about action versus
inaction, the ventromedial prefrontal cortex (vmPFC) rep-
resents counterfactual thoughts directed towards the self
versus other and the orbitofrontal cortex (OFC) represents
upward versus downward counterfactual thinking.

Structured event complexes A. K. Barbey et al. 1297

 on 30 March 2009rstb.royalsocietypublishing.orgDownloaded from 
(engagement, social valence and experience). To investi-
gate the neural correlates of the identified psychological
dimensions, we conducted an fMRI experiment in
which subjects classified each event according to
whether or not it represented a social activity.
Parametric analyses of event-related fMRI data were
applied to investigate brain regions whose activity was
modulated by the three psychological components of
event knowledge. The results demonstrated that the
psychological structure of event knowledge is broadly
organized along dimensions that are represented within
distinct regions of the human PFC, with the experience
dimension recruiting the medial PFC (BA 10), the
engagement dimension activating the left OFC (BA 47)
and the social valence dimension engaging the amygdala
and the right OFC (BA 11 and 47).

In summary, the reviewed studies provide evidence
to support our proposal that category-specific SECs are
stored within distinct regions of the PFC (see also
Barbey et al. in press a, b; Krueger et al. in press).

(b) Counterfactual thought
We propose that counterfactual reasoning is charac-
terized by three major forms of inference that each
recruit distinct regions of the mPFC (figure 3).
According to this framework, counterfactual
thinking depends on category-specific SECs within
the mPFC, which provide key representational
elements within a larger network of anatomically
connected prefrontal and posterior regions supporting
counterfactual thought.

(c) Action versus inaction

According to the SEC framework, counterfactual
reasoning about action versus inaction preferentially
recruits the dorsomedial PFC (dmPFC). Several
neuroscience studies have implicated the dmPFC
in the continuous internal monitoring of action
(Botvinick et al. 2004). Barch et al. (2001) report an
extensive meta-analysis of functional imaging studies
that included data from a broad range of action
monitoring tasks (e.g. involving the inhibition of
Phil. Trans. R. Soc. B (2009)
prepotent responses) that recruited the dmPFC.
Along the same lines, Walton et al. (2004) observed
activity in the dmPFC when participants monitored the
outcome of self-selected actions. These findings
suggest that the dmPFC is critical for monitoring the
addition versus subtraction of actions for counter-
factual reasoning.

(d) Self versus other

We propose that counterfactual thought involving the
self versus others recruits the vmPFC. A large body of
neuroscience evidence supports this proposal, demon-
strating that the vmPFC represents components of
self-knowledge, person knowledge and mentalizing.
Beldarrain et al. (2005) demonstrated impairments in
self-generated counterfactual thought in vmPFC lesion
patients. Converging evidence is provided by Macrae
et al. (2004), who observed activation in the vmPFC
when participants evaluated the self-relevance of
specific personality traits. Similarly, Ochsner et al.
(2004) found activation in the vmPFC when partici-
pants monitored their emotional states.

Recruitment of the vmPFC is also observed in
studies that assess person knowledge more broadly
(applying to others as well as the self ). Mitchell et al.
(2002) reported activation in this region when
participants judged whether a presented adjective
applied to a person (rather than an inanimate object).
Consistent with these findings, Schmitz et al. (2004)
observed activation in the vmPFC when participants
thought about themselves or a close friend.

Finally, extensive neuroscience evidence implicates
the vmPFC in the process of representing another
person’s psychological perspective (i.e. ‘mentalizing’).
For example, Fletcher et al. (1995) and Goel et al.
(1995) reported activation in the vmPFC when
participants read social scripts in which the psycho-
logical perspective of fictional characters was inferred.

(e) Upward versus downward thinking

We propose that counterfactual reasoning about upward
(better) versus downward (worse) outcomes recruits the
OFC, which is widely implicated in the processing of
event outcomes associated with rewards or penalties.
Elliott et al. (2000) propose that the OFC is involved in
monitoring reward and serves to guide behaviour in
terms of the value of possible outcomes. Walton et al.
(2004) found that the activity in the OFC was elicited by
the need to monitor the outcomes of externally guided
actions. Similarly, Coricelli et al. (2005) found that
activity in the OFC correlated with the amount of
anticipated regret associated with a decision. In
summary, the reviewed findings suggest that the OFC
provides the basis for counterfactual reasoning about
upward (better) versus downward (worse) outcomes.
6. CONCLUSION
We have introduced a ‘representational’ theory of
PFC function in accord with the structure, neuro-
physiology and connectivity of the PFC, and the
modern cognitive neuroscience view that elements of
knowledge are represented within functionally loca-
lized brain regions. The reviewed evidence in support
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of the SEC framework confirms the importance and

uniqueness of the human PFC for representing

knowledge in the form of cognitive events and

action sequences.

We have further advocated for the representational

basis of SECs in counterfactual thought, reviewing

evidence to support the role of specific regions of the

mPFC in the representation of particular forms of

counterfactual inference. According to this framework,

SECs in the mPFC represent components of event

knowledge (agents, objects, actions, mental states and

background settings) that are essential for constructing

mental models of past or future events and assessing

the consequences of alternative courses of action. Our

findings underscore the importance of SECs for high-

level cognition more broadly, supporting their role in

the construction of mental models and the simulation

of alternative possibilities for learning from past

experience (e.g. ‘We should not have gone to Las

Vegas’; Byrne 1997), planning and predicting future

events (e.g. ‘Next time we should go sailing’; Brase &

Barbey 2006; Barbey & Sloman 2007), creativity and

insight (e.g. ‘Perhaps we could write while sailing’;

Sternberg & Gastel 1989; Thomas 1999; Costello &

Keane 2000) and adaptive social behaviour (e.g.

supported by regulatory mechanisms based on

representations of guilt, regret and blame; Landman

1987; Miller & Turnbull 1990; Niedenthal et al. 1994;

Davis et al. 1995; Zeelenberg et al. 1998).

In conclusion, we believe SECs are the key to

understanding the human ability to represent mental

models of events, which guide the selection of goal-

directed action sequences and the on-line updating of

behaviour based on past outcomes or anticipated

future events. When stored as memories, SECs

provide a link between past, current and future

activities, enabling explanatory and predictive infer-

ences that give rise to adaptive behaviour and issue

significant advantages for our species. Our review

demonstrates that there is now substantial evidence

to suggest that studying the nature of SEC represen-

tations is a competitive and promising way to

characterize the components of event knowledge

stored within the human PFC. Although SECs

must coordinate with representations and processes

stored in other brain regions—requiring hippocampal

and related structure-binding processes for the sense

of an episode to emerge in consciousness—the elusive

scientific characterization of knowledge stored within

the PFC remains the key missing part of the puzzle.

We believe that the evidence collected so far has

brought us one step closer to such an understanding

of the contribution of the PFC to future planning.

The authors are supported by the NINDS Intramural
Research Program.
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