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B Abstract Traditional approaches to the study of cognition emphasize an inform-
ation-processing view that has generally excluded emotion. In contrast, the recent
emergence of cognitive neuroscience as an inspiration for understanding human cog-
nition has highlighted its interaction with emotion. This review explores insights into
the relations between emotion and cognition that have resulted from studies of the
human amygdala. Five topics are explored: emotional learning, emotion and memory,
emotion’s influence on attention and perception, processing emotion in social stimuli,
and changing emotional responses. Investigations into the neural systems underlying
human behavior demonstrate that the mechanisms of emotion and cognition are in-
tertwined from early perception to reasoning. These findings suggest that the classic
division between the study of emotion and cognition may be unrealistic and that an
understanding of human cognition requires the consideration of emotion.
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INTRODUCTION

The emergence of the study of cognition as a discipline within psychology began
with the cognitive revolution, which is often characterized as a reaction to the
dominance of behaviorism in the middle of the past century (Miller 2003). The
cognitive revolution emphasized a view of human cognition as information pro-
cessing. As a result, a primary goal of cognitive psychology was to explore “the
way man collects, stores, modifies, and interprets environmental information or
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information already stored internally”” (Lachman et al. 1979, p. 7). This approach,
inspired in part by the computer metaphor, generally excluded emotion. Instead,
emotion was considered a topic of investigation more appropriate for other disci-
plines of psychology, such as social, personality, or clinical psychology. Although
there has been significant debate over the past 30 years about the appropriate role
for emotion in the study of cognition (Lazarus 1984, Neisser 1976, Zajonc 1984),
until recently these different approaches to the study of human behavior rarely
overlapped.

The cognitive revolution provided an important model to aid in the exploration
of the nature of mental representation. However, the computer metaphor is no
longer the primary inspiration in studies of human cognition. There has been a
new revolution inspired by advances in neuroscience and techniques for study-
ing the human brain. Understanding how cognition is linked to neural function is
increasingly driving the questions and means of investigation in cognitive psychol-
ogy. The cognitive neuroscience approach has relied on animal models of neural
function as a starting point for studying the representation of cognition in the hu-
man brain. Some of these animal models highlight the importance of emotion in
understanding cognitive functions (e.g., see LeDoux 1996). These animal models
have created a renewed interest in exploring the interaction of emotion and cogni-
tion in humans. This emphasis on linking mental processes to neural function has
aided in breaking down barriers between traditional psychological disciplines in
efforts to understand human behavior. As our understanding of the neural basis of
human cognition grows, it has become increasingly apparent that the neural cir-
cuitry of emotion and cognition interact from early perception to decision making
and reasoning.

In this review, I explore how the cognitive neuroscience approach has informed
our understanding of the interaction of emotion and cognition. Animal models
of the neural circuitry of emotion have emphasized specific brain structures that
appear to be primarily linked to emotional processes, yet interact extensively with
other brain systems underlying cognitive function. One of these structures is the
amygdala, an almond-shaped structure on the medial temporal lobe that sits ad-
jacent and anterior to the hippocampus (Figure 1). The notion that the amyg-
dala might play a role in emotion first emerged when Kluver & Bucy (1937)
demonstrated that medial temporal lobe lesions in monkeys resulted in a range of
odd behaviors, including approaching normally feared objects, orally exploring
objects, and exhibiting unusual sexual behaviors. Approximately 20 years later,
Weiskrantz (1956) demonstrated that it was the amygdala within the medial tem-
poral lobe whose damage resulted in the range of behaviors that came to be known
as Kluver-Bucy syndrome. Since that time, the amygdala has been a primary fo-
cus of researchers interested in the neural systems of emotion. The amygdala is a
structure with extensive connections to brain areas thought to underlie cognitive
functions, such as sensory cortices, the hippocampal complex, and the prefrontal
cortex (Young et al. 1994). Because of its broad connectivity, the amygdala is
ideally situated to influence cognitive functions in reaction to emotional stimuli.
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Consistent with this, recent research has suggested that a primary function of the
human amygdala is the modulation of neural systems underlying cognitive and
social behaviors in response to emotional cues (Anderson & Phelps 2000, Whalen
1998).

This review examines insights into the interaction of emotion and cognition
that have emerged from studies of the human amygdala. The amygdala is not the
only brain structure that has been identified as important for emotional processes
in humans!, but it is the most thoroughly investigated to date. The cognitive neu-
roscience research on the human amygdala has drawn from neuroscience studies
in nonhuman animals and behavioral paradigms derived from cognitive, social,
personality, and clinical psychology. This review highlights five areas of research
that demonstrate a role for the human amygdala in the interaction of emotion and
cognition: emotional learning, emotion and memory, emotion’s influence on atten-
tion and perception, processing emotion in social stimuli, and changing emotional
responses.

EMOTIONAL LEARNING

Understanding how a stimulus acquires emotional properties is the primary goal
in studies of emotional learning. Once a stimulus comes to elicit an emotional
reaction, how it is processed may differ from neutral stimuli. Animal models of
amygdala function have emphasized its role in emotional learning. This research
has primarily examined classical fear conditioning. In a typical study, a neutral
stimulus, such as a tone, is paired with an aversive event, such as a footshock. Aftera
few pairings, the animal learns that the tone, the conditioned stimulus (CS), predicts
the aversive event, the unconditioned stimulus (US), and the presentation of the
tone alone begins to elicit a range of emotional reactions, such as freezing, changes
in heart rate and blood pressure, increased startle responses, and stress hormone
release. These acquired emotional reactions are conditioned fear responses. Using
fear conditioning as a model paradigm, researchers studying nonhuman animals
have mapped the pathways for fear learning from stimulus input to response output.
These studies have demonstrated that the amygdala is critical for the acquisition,
storage, and expression of a conditioned fear response (Davis 1992, Kapp et al.
1992, LeDoux 1996, Maren 2001, but see also Cahill et al. 1999).
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The current review is limited in that only the role of the amygdala is examined and the
representation of emotion in the human brain involves a network of structures, including, but
not limited to, the orbitofrontal cortex and the striatum. Limits in neuroscience techniques
have generally encouraged the investigations of separate neural structures, but it is obvious
that complex circuits of neural mechanisms are important for all aspects of human emotion
and cognition. Recent Annual Review chapters that may provide additional information
concerning topics discussed in this review include Fanselow & Poulos (2005), McGaugh
(2004), Rolls (2000), Schultz (2006), Shors (2006), and Stuss & Levine (2002).
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In humans, studies of fear conditioning are consistent with these animal mod-
els. Research using functional magnetic resonance imaging (fMRI) has reported
increased blood oxygenation level-dependent (BOLD) signal in the amygdala in
response to a neutral stimulus paired with an aversive event, called the CS+, com-
pared to another neutral stimulus that did not predict an aversive event, called the
CS- (Buchel et al. 1998, LaBar et al. 1998). The conditioned response, measured
as a change in skin conductance (an indication of arousal) to the CS+, was cor-
related with the magnitude of this amygdala activation (LaBar et al. 1998). These
results suggest the amygdala is involved in fear conditioning in humans. However,
studies of brain imaging only show a correlation between brain activation and
stimuli, processes, or behaviors (Cabeza & Kingstone 2001) and do not indicate a
critical role for the amygdala. Consistent with animal models, patients with lesions
including the right, left, or bilateral amygdala do not demonstrate a conditioned
response as measured by skin conductance, even though the response to the US
is intact (Bechara et al. 1995, LaBar et al. 1995). These results indicate that the
human amygdala plays a critical role in fear conditioning.

The initial findings on fear conditioning in humans were predicted by animal
models. However, these studies also demonstrated that the human amygdala’s role
in fear conditioning is limited to the physiological expression of conditioned fear.
Studies in patients with amygdala damage demonstrate that even though they fail
to show conditioned fear responses as measured by physiological responses to the
CS+, they are able to acquire explicit knowledge about the contingencies between
the CS+ and the aversive US. For example, Patient SP, who suffers from bilateral
amygdala damage, and normal control subjects were shown a blue square (the
CS+) that was paired with a mild shock to the wrist (the US). After a few pairings,
normal control subjects showed an increased skin conductance response to the blue
square, indicating a conditioned fear response. SP failed to acquire a conditioned
response. She was then shown her skin conductance responses indicating a lack of
conditioned fear and asked to comment:

“I knew that there was an anticipation that the blue square, at some particular
point in time, would bring on one of the volt shocks. But even though I knew that,
and I knew that from the very beginning, except for the very first one where I was
surprised, that was my response—I knew it was going to happen. I expected that
it was going to happen. So I learned from the very beginning that it was going to
happen: blue and shock. And it happened. I turned out to be right, it happened!”
(Gazzaniga et al. 2002, p. 559).

As her statement clearly indicates, SP had an explicit understanding of the pa-
rameters of the fear-conditioning procedure even though she did not show any
physiological indication of conditioned fear. This type of explicit knowledge de-
pends on the hippocampal complex for acquisition (Squire & Zola-Morgan 1991),
and patients with damage to the hippocampus, whose amygdala are intact, show
the opposite pattern; that is, a normal conditioned response as indicated by a phys-
iological measures, but no explicit knowledge of the relation between the CS+
and the US (Bechara et al. 1995). These results highlight the notion that there are
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multiple forms of representation and expression for emotional learning and these
different forms may rely on different neural substrates.

The normal acquisition of explicit knowledge of the parameters of fear condi-
tioning following amygdala damage raises some questions as to how extensive the
human amygdala’s role in emotional learning is. Although learning that a stimulus
predicts an aversive event through direct personal experience of this event—as in
fear conditioning—is a powerful means of emotional learning, it is rather inefficient
in that it requires an aversive experience. Humans have developed more efficient,
symbolic means of communication, namely language, that allow for the acquisi-
tion of the emotional properties of a stimulus without aversive consequences. For
instance, one could learn to fear and avoid a neighborhood dog by being bitten,
an example of learning through direct aversive experience. However, one could
also learn to fear and avoid a neighborhood dog by listening to a neighbor discuss
how the dog is mean and dangerous. This type of instructed learning will result in
a fear response when the dog is encountered, even though there is only explicit,
symbolic knowledge of the dog’s emotional properties.

A paradigm called instructed fear was used to determine if the human amygdala
plays a role in the expression of symbolically acquired fear responses. In this
paradigm, subjects are told that they might receive a mild shock to the wrist
paired with one stimulus, such as a blue square (the threat stimulus), while the
presentation of another stimulus, such as a yellow square (the safe stimulus),
indicates that no shock will be presented. It has been demonstrated that instructed
fear results in robust physiological fear responses to the threat stimulus that are
similar to responses to a CS+ in fear conditioning (Hugdahl & Ohman 1977).
With fMRI, it was found that presentations of the threat stimulus, relative to the
safe stimulus, resulted in activation of the left amygdala that was correlated with
the magnitude of the skin conductance response to threat versus safe, even though
none of the subjects actually received a shock to the wrist (Phelps et al. 2001). A
study in patients with right, left, and bilateral amygdala damage found that only
those patients whose damage included the left amygdala showed an impairment
in the physiological expression of instructed fear (Funayama et al. 2001). These
results indicate that the left amygdala is critical for the expression of symbolically
acquired fears—fears that are imagined and anticipated, but are never actually
experienced.

The results with instructed fear suggest that the neural substrates underlying
its expression are similar, but not identical, to those underlying fear condition-
ing. Although studies have demonstrated instructed fear and conditioned fear are
similar in their physiological expression (Hugdahl & Ohman 1977), the slight
differences in their neural circuitry suggest there may be subtle differences. In
an effort to explore this possibility, the expression of acquired fear responses to
subliminally presented stimuli was examined. Previous research has found that
when representations of certain natural categories of stimuli, such as pictures of
spiders, snakes, and angry faces (called biologically prepared stimuli), are used as a
CS+ during fear conditioning, the conditioned response will be expressed through
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physiological measures, even if the CS+- is presented subliminally and the subject
is unaware of its presentation (see Ohman & Mineka 2001 for a review). In these
fear-conditioning paradigms, the CS+ is presented briefly (less than 30 msec)
and is immediately followed by a masking stimulus preventing awareness of its
presentation as assessed by explicit report (Esteves et al. 1994).

Olsson & Phelps (2004) exposed subjects to classical fear conditioning and
instructed fear. In addition, they added a third emotional learning paradigm, ob-
servational fear. Learning through social observation is another indirect means for
acquiring fear responses. Both humans and nonhuman primates have been shown
to learn emotional properties of stimuli vicariously, through observing the emo-
tional reactions of a conspecific (Ohman & Mineka 2001). The procedures for fear
conditioning and instructed fear were similar to that described above. The subjects
in the observational fear paradigm watched a video of a confederate receiving
a mild shock to the wrist paired with some presentations of one stimulus (the
observational CS+) and not another (the observational CS—). In all three of the
learning groups, the CS+ and CS— were presented supraliminally (with aware-
ness) on some trials, and subliminally (without awareness) on others. Consistent
with previous results (Esteves et al. 1994), learning through fear conditioning
resulted in expression of conditioned fear with supraliminal and subliminal pre-
sentation. In contrast, instructed learning required awareness for expression. This
symbolically represented fear was not expressed when the threat stimulus was
presented subliminally. Surprisingly, the results for observational fear mirrored
those of fear conditioning. With vicarious learning through observation, subjects
demonstrated a physiological arousal response to an observational CS+ presented
either supraliminally or subliminally.

Instructed and observational fear learning are social means of learning that,
unlike fear conditioning, do not require direct aversive experience. However, the
similarity in the expression of fears acquired through fear conditioning and social
observation suggests a greater degree of overlap in the amygdala’s involvement.
Research with nonhuman animals has shown that the amygdala is important for
the acquisition, storage, and expression of fear conditioning (LeDoux 1996, but
see also Cahill et al. 1999). Instructed fear, which depends on language and is
unique to humans, most likely relies on the hippocampal complex for acquisition of
the episodic knowledge of the link between the neutral and aversive event. It is
unlikely the amygdala plays a role in the acquisition of this symbolic, abstract
knowledge. In contrast, a recent fMRI study found that observational fear learning
results in activation of the bilateral amygdala both during the observation of a
confederate undergoing fear conditioning as well as the later test of this fear
learning when subjects believed they might receive a shock themselves (Olsson
et al. 2004). The magnitude of amygdala activation was similar in both stages,
even though subjects knew that there was no possibility they would receive a
shock during the observation/learning stage. These results suggest that, like fear
conditioning, the bilateral amygdala is important for the acquisition and expression
of fears acquired through the vicarious experience of social observation.
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Regardless of the means of emotional learning, the amygdala plays an important
role in the physiological expression of fear learning and, in some cases, its acquisi-
tion as well. More recently, it has been suggested that the amygdala’s involvement
in the expression of fear learning through social means extends to cultural learning
of social group stereotypes based on race and the indirect expression of race bias
(Cunningham et al. 2004, Hart et al. 2000, Phelps et al. 2000). Although the current
review has focused on fear learning, there is evidence from research with nonhu-
man animals that the amygdala may also play a role in appetitive conditioning and
reward learning (Baxter & Murray 2002, Everitt et al. 2003, Holland & Gallagher
2004). There is some evidence in humans that the amygdala may be involved in
learning to associate stimuli with positive outcomes (Johnsrude et al. 2000), but
future research will need to explore the extent of the human amygdala’s role in
appetitive emotional learning.

EMOTION AND MEMORY

As William James wrote in The Principles of Psychology, “An impression may be
so exciting emotionally as almost to leave a scar upon the cerebral tissues” (James
1890, p. 670). This phrase highlights the commonly held belief that emotion en-
hances episodic memory. Research on the cognitive neuroscience of emotion and
memory has specified arange of means by which emotion can change the formation
and recollection of episodic memory. It has been suggested that emotion, through
the amygdala’s influence, can alter three components of episodic memory: encod-
ing, consolidation, and the subjective sense of remembering. Although episodic
memory critically depends on other brain regions, most notably the hippocampal
complex (Eichenbaum 2002, Squire & Zola-Morgan 1991), the amygdala may be
important for modulating the neural circuitry of episodic memory.

The initial stage of episodic memory formation is encoding. Emotion can influ-
ence the encoding of to-be-remembered stimuli through its modulation of attention
and perception (Easterbrook 1959). As will be discussed in the next section, emo-
tion, via the amygdala, can influence attention and perception. Previous studies
have shown that manipulations of attention will significantly impact memory en-
coding (e.g., Craik et al. 1996), and these changes in initial stimulus processing
with emotion should lead to differences in memory performance. A recent study
found that patients with amygdala damage only show an impairment in memory
for details of emotional scenes that are central to the event, with intact memory for
details that are more peripheral (Adolphs et al. 2005b). This study suggests that the
amygdala may be involved in the narrowing of attention around the central emo-
tional details leading to enhanced memory for these details in normal subjects (see
also Easterbrook 1959). However, most studies to date have failed to differentiate
the amygdala’s influence on encoding and consolidation processes. Although a
number of brain imaging studies have demonstrated that amygdala activation dur-
ing encoding can predict later recognition or recall for emotional stimuli (Cahill
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et al. 1996, Canli et al. 2000, Hamann et al. 1999), these studies often attribute
this effect to emotion’s influence on the modulation of memory storage (e.g., Cahill
et al. 1996) rather than attention.

The primary neural mechanism that has been explored in an effort to under-
stand emotion’s influence on episodic memory is the amygdala’s modulation of
hippocampal consolidation. Consolidation is a storage process by which memories
become more stable over time, and evidence across species suggests that the con-
solidation of episodic memory critically depends on the hippocampus (KnowlIton
& Fanselow 1998, Squire & Zola-Morgan 1991). Emotion, specifically arousal, is
proposed to enhance hippocampal-dependent consolidation. Using animal mod-
els, research by James McGaugh and colleagues has identified the neural systems
underlying the effect of arousal on episodic memory consolidation (see McGaugh
2000, 2004 for a review). These studies have shown that physiological arousal re-
sults in activation of the beta-adrenergic receptors in the amygdala. The amygdala,
in turn, modulates hippocampal processing, resulting in enhanced consolidation
or storage for events that elicit an arousal response. Damage to the amygdala does
not impair episodic memory for a stimulus, but rather it eliminates any enhance-
ment observed with physiological arousal. Evidence that this effect is due to the
modulation of consolidation, as opposed to encoding, comes from studies demon-
strating that manipulations of amygdala function after stimulus encoding will alter
arousal’s influence on episodic memory (Packard & Teather 1998). It is suggested
that one adaptive function of having a slow consolidation process is to allow for the
emotional reaction to a stimulus, which follows its presentation, to influence the
memory strength (McGaugh 2004). In this way, events that result in an emotional
response, and are more likely to be important for future survival, are less likely to
be forgotten.

In humans, a number of studies have reported that arousal enhances the reten-
tion of episodic memories (Berlyne 1969, Heuer & Reisberg 1992, Kleinsmith
& Kaplan 1963), consistent with the modulation of hippocampal consolidation.
Evidence that the human amygdala plays a role in this enhanced memory with
arousal comes from studies using a range of cognitive neuroscience techniques.
As mentioned above, brain-imaging studies have reported that activation of the
amygdala at encoding can predict later retention for emotional stimuli. The amyg-
dala has direct projections to the anterior portion of the hippocampus (Stefanacci
et al. 1996). A recent study found that the activation of the amygdala and anterior
hippocampus is correlated during the encoding of emotional scenes that were later
remembered (Dolcos et al. 2004). In addition, patients with amygdala damage
fail to show the normal enhancement of episodic memory with arousal (Cabhill
et al. 1995). Consistent with a role for the amygdala in modulating storage or
consolidation, amygdala damage results in similar forgetting curves for arousing
and neutral stimuli, in contrast to normal control subjects who show enhanced
retention for arousing stimuli (LaBar & Phelps 1998). Finally, the administration
of drugs that block beta-adrenergic receptors also block the impact of arousal on
episodic memory (Cahill et al. 1994), consistent with animal models.
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Although the effect of arousal on episodic memory is clearly documented,
the magnitude of this effect varies depending on the paradigm. It can be quite
subtle (e.g., LaBar & Phelps 1998) and is not always observed (e.g., Ochsner
2000). Furthermore, more extreme stress can have an opposite effect; that is,
an impairment of hippocampal function and episodic memory (see McEwen &
Sapolsky 1995 for a review). Nevertheless, there is robust evidence that the hu-
man amygdala, through its modulation of hippocampal consolidation, plays a
critical role in situations where physiological arousal leads to enhanced episodic
memory.

Until recently, most of the research examining the neural systems underlying
the influence of emotion on episodic memory has focused on memory accuracy.
However, studies of episodic memory for real life, public, emotional events have
suggested that emotion may also influence the subjective experience of memory
retrieval, irrespective of memory accuracy. These studies examining “flashbulb”
memories have found that for highly emotional, public events the confidence that
a memory is accurate and the sense that it is detailed and vivid may not reflect
actual accuracy. In one of the first examples of this effect, Neisser & Harsh (1992)
examined memory for the Challenger explosion. Within a few days of this tragedy,
they asked subjects to record their memory for the circumstances in which they
become aware of this event. Two and a half years later, the subjects were asked to
report the same memory. Even though the subjects gave detailed recollections and
were highly confident in their accuracy, most of these memories were inaccurate.
More recently, a study examining memory for the terrorist attack of September
11, 2001 (Talarico & Rubin 2003) found that accuracy for memories of learn-
ing about this event did not differ from other, nonemotional events that occurred
around the same time. However, memories of the terrorist attacks in comparison
with more mundane events were rated as more confident, vivid, detailed, and rec-
ollected. Although a study of memory for the O.J. Simpson verdict found that
reported emotional arousal at the time of the event is one of the few factors that
can predict memory accuracy three years later (Schmolck et al. 2000), all of these
studies of “flashbulb” memories suggest that emotion also has an independent
effect enhancing the subjective sense of remembering.

One of the difficulties in exploring the neural systems underlying emotion’s
impact on the subjective sense of remembering is that most of these studies have
examined memories for emotional, public events, which are challenging to inves-
tigate using cognitive neuroscience techniques. A recent laboratory study using
the remember/know paradigm suggests a similar pattern. Recognition memory
judgments are thought to rely on two independent processes: recollection, which
includes the retrieval of contextual details, and familiarity, which is a sense that
a stimulus is familiar in the absence of contextual details (see Yonelinas 2002 for
a review). A subjective measure of these two processes is the remember/know
procedure. During recognition judgments, subjects view old and new stimuli and
are asked to judge if each stimulus is “new” (not presented before), “known” (fa-
miliar, but there is no specific recollection of details for the encoding context), or
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“remembered” (recollected with details of the encoding context). Using this pro-
cedure, Ochsner (2000) examined recognition for emotional and neutral scenes
and found that emotion specifically enhances the proportion of “remember” judg-
ments, even though there was no difference in memory accuracy for emotional and
neutral scenes.

A similar paradigm was used to examine the neural mechanisms underlying
emotion’s impact on this subjective judgment of recollection (Sharot et al. 2004).
As in the Ochsner (2000) study, emotion significantly enhanced the likelihood
of “remember” judgments, even though there was no effect of emotion on accu-
racy. An examination of fMRI responses found that activation patterns in different
medial temporal lobe regions were related to the subjective judgment of recollec-
tion for emotional and neutral stimuli. Consistent with previous studies (Henson
et al. 1999, Wheeler & Buckner 2004), BOLD responses in the posterior parahip-
pocampus differentiated “remember” and “know” judgments for neutral scenes. In
contrast, BOLD signals on the amygdala differentiated “remember” and “know”
judgments for emotional scenes. The posterior parahippocampus has previously
been linked to memory for details of visual scenes (Kohler et al. 2002), which is the
type of information that might be expected to result in a judgment of recollection
versus familiarity. However, responses in this region were not similarly enhanced
for “remembered” emotional stimuli. These results suggest that the neural mecha-
nisms underlying the subjective judgment of recollection differ for emotional and
neutral stimuli. The amygdala was specifically linked to judgments of recollection
for emotional scenes. For emotional stimuli, judgments of the subjective sense of
remembering may be influenced by the emotional qualities of the stimulus with
less emphasis on mnemonic details. Consistent with studies of “flashbulb” memo-
ries suggesting emotion enhances the feeling of retrieval accuracy irrespective of
actual accuracy, these brain-imaging results indicate emotion may alter the neural
mechanisms underlying subjective judgments of remembering.

Although there is significant evidence that emotion interacts with episodic mem-
ory, and that the amygdala plays an important role in this interaction, an under-
standing of the complexity of this relationship is just beginning to emerge. Most
studies in humans examining the neural systems underlying emotion’s influence
on episodic memory have emphasized arousal’s impact on memory consolida-
tion, perhaps inspired by the elegant animal models outlining this mechanism
(McGaugh 2000). However, only a few studies have clearly documented arousal’s
specific influence on memory consolidation in humans, independent of its effect
on encoding (Cahill & Alkire 2003, Cahill et al. 2003, Sharot & Phelps 2004).

Aside from the factors mentioned above, emotion might interact with episodic
memory by other means. Emotional stimuli may differ from neutral stimuli in
semantic similarity and distinctiveness, factors that have been shown to influence
episodic memory (see, e.g., Phelps et al. 1998). Mood at retrieval has also been
shown to influence episodic memory (Bower 1981). It is unlikely the amygdala
has any role in these other effects of emotion on memory (Kensinger & Corkin
2004, Phelps et al. 1998). An exploration of the underlying neural mechanisms
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will aid in determining the complex components of the “scar upon the cerebral
tissues” that characterizes emotion’s impact on human episodic memory.

EMOTION’S INFLUENCE ON ATTENTION
AND PERCEPTION

Attention and perception are the first stages of stimulus processing, and factors that
influence these early processes will also influence downstream cognitive functions,
such as memory and reasoning. The importance of emotional salience in attention
is well documented (e.g., Niendenthal & Kitayama 1994). An early example of this
is the classic “cocktail party effect” described by Cherry (1953), in which an emo-
tionally significant item, such as the subject’s name, was noticed even when it was
presented among a stream of unattended stimuli during an attentionally demand-
ing dichotic listening task. This finding and others (e.g., Hansen & Hansen 1998,
Ohman et al. 2001) suggests that emotion can facilitate awareness for emotionally
salient stimuli in situations where attentional resources are limited.

Recent evidence indicates that the amygdala may mediate the facilitation of
attention with emotion (Anderson & Phelps 2001, Morris et al. 1998a). This was
investigated using a paradigm that tests the temporal limitations of attention, called
the attentional blink (Raymond et al. 1992). In this paradigm, stimuli are presented
in rapid succession (e.g., every 100 msec), so quickly it is difficult for subjects to
identify any individual stimulus. However, if subjects are told that they can ignore
most of the stimuli presented and selectively attend to a few target exemplars, such
as those printed in a different color ink, subjects are able to selectively process the
target stimuli and later identify them. This ability to selectively attend to specific
stimuli in a rapidly presented visual stream is limited by the temporal relation
between the different target stimuli. If a second target stimulus is presented a few
items after the first target, in what is called the early lag period, subjects will
often miss it. It is as if noticing and encoding the first target stimulus results in a
temporary refractory period during which time it is difficult to notice and encode a
second target. In other words, it is as if attention “blinked” (Chun & Potter 1995).

Using emotional and neutral words as stimuli, Anderson (2005) found that
when the second target word is arousing, the attentional blink effect is attenuated.
The ability to detect the arousing words was enhanced relative to neutral words
when they were presented as the second target in the early lag period. Unlike
normal control subjects, patients with left amygdala damage failed to show the
normal attenuation of the attentional blink effect with emotion (Anderson & Phelps
2001). These findings indicate that in situations with limited attentional resources,
emotional stimuli are more likely to reach awareness, and the amygdala plays a
critical role in this facilitation of attention with emotion.

Two mechanisms have been proposed for the amygdala’s facilitation of atten-
tional processing. The first was suggested by Weinberger (1995). In studies with
rats, Weinberger demonstrated that sensory cortices (specifically auditory cortex)
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may be tuned through fear conditioning to be especially sensitive to stimuli used
as a CS+. This sensory tuning with emotional learning depends on the amygdala.
This mechanism, which has not been clearly demonstrated in humans, suggests a
long-lasting change in perceptual processing for stimuli that have acquired emo-
tional properties through learning.

The second mechanism is a more transient change in attentional thresholds in
the presence of emotional stimuli. As seen in Figure 2, anatomical studies have
demonstrated that there are reciprocal connections between the amygdala and sen-
sory cortical processing regions, such as the visual cortex (Amaral et al. 2003).
The amygdala has been shown to receive input about the emotional significance
of a stimulus quickly (Romanski & LeDoux 1992) and prior to awareness (Morris
etal. 1998b, Whalen et al. 1998). For instance, robust amygdala activation has been
observed in response to faces with fearful versus neutral expressions that are pre-
sented subliminally and supraliminally (Whalen et al. 1998). A number of studies
indicate that attention and awareness have little impact on the amygdala’s response
to fearful stimuli (Anderson et al. 2003, Vuilleumier et al. 2001, but see also Pes-
soa et al. 2002). These results are consistent with previous psychological research
indicating that the emotional qualities of stimuli are processed automatically (e.g.,
Zajonc 1984). It is suggested that this early, automatic amygdala response to fear
or threat stimuli is an important factor in its ability to modulate attention and
responses to potential danger (Davis & Whalen 2001).

The amygdala’s transient facilitation of attention is thought to result from
its modulation of sensory cortical regions in the presence of emotional stimuli
(Morris et al. 1998a). It is proposed that early in stimulus processing the amyg-
dala receives input about the emotional significance of a stimulus, and through
projections to sensory cortical regions, modulates further attentional and percep-
tual processes (Anderson & Phelps 2001, Vuilleumier et al. 2004). In support of
this model, brain imaging studies have demonstrated that visual cortical regions
show enhanced activation in response to novel emotional stimuli (Kosslyn et al.
1996). The magnitude of this enhanced visual cortex activation is correlated with
amygdala activation in response to these same stimuli (Morris et al. 1998a). Fur-
ther support that the amygdala is mediating enhanced responses in visual cortical
regions for emotional stimuli comes from an fMRI study conducted in patients
with medial temporal lobe damage. Vuilleumier and colleagues (2004) presented
faces with fear and neutral expressions to three groups of subjects: normal con-
trol subjects, patients with damage limited to the hippocampus, and patients with
damage to the hippocampus and amygdala. Consistent with earlier studies (Morris
et al. 1998a), enhanced activation was observed in visual cortical regions for fear
versus neutral faces in normal control subjects. Patients with damage confined to
the hippocampus also showed this pattern. However, patients with damage to the
amygdala did not show any significant activation for fear versus neutral faces in the
visual cortex. These results indicate that the amygdala plays a critical role in me-
diating the transient changes in visual cortical processing that occur for emotional
stimuli.
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The anatomical and brain imaging studies supporting a role for the amygdala
in the transient modulation of visual cortex have identified regions thought to
be important for perceptual functions, including early visual areas such as V1
(Amaral et al. 2003, Vuilleumier et al. 2004). However, the allocation of attention
is more often linked to other brain regions, such as the parietal cortex (Corbetta
& Shulman 2002). Given this, it is possible that the observed effects of emotion
on attention are linked to its effect on perceptual regions. It has been suggested
that at least some of the classic effects of attention are the result of the impact of
attention on perception (Carrasco 2004), and brain imaging studies have shown that
attention leads to enhanced activation in early visual processing regions (Gandhi
et al. 1999). The anatomical connectivity between the amygdala and visual cortex
suggests that stimuli that lead to amygdala activation, such as fear faces, should
enhance perception as well as attention.

In order to examine whether emotion influences perceptual processes that are
known to be coded by early visual regions, a psychophysical paradigm was used
to examine the effect of fearful face cues on contrast sensitivity (Phelps et al.
2005). The ability to detect contrast is an early perceptual function that has been
linked to primary visual cortex. A task that was previously used to demonstrate
that covert attention enhances contrast sensitivity (Carrasco et al. 2000) was mod-
ified to include cues that were faces with fearful or neutral expressions. It was
found that when a face cue directed covert attention, contrast sensitivity was en-
hanced, replicating the previous effect of covert attention on early perception.
In addition, two effects for the emotional expression of the face cue were ob-
served. First, irrespective of whether or not the face cue directed covert atten-
tion, a fear face cue enhanced contrast sensitivity. Second, if a fear face cue di-
rected covert attention, contrast sensitivity was enhanced more than would have
been predicted by the independent effects of a fear face cue and covert atten-
tion on perception. In other words, emotion enhances perception and potenti-
ates the perceptual benefit of attention. These results are consistent with a model
in which the emotion, via the amygdala, modulates processing in early visual
regions.

The amygdala, through its extensive connectivity with sensory processing re-
gions (Amaral et al. 1992, Freese & Amaral 2005), is ideally situated to influence
perception with emotion. The evidence indicates that the amygdala’s influence on
perception may underlie emotion’s facilitation of attention. However, emotion is
also proposed to have another effect on attention, which is to capture attention.
When attention is captured by emotion, there is impaired processing of nonemo-
tional aspects of the stimulus or event. A number of studies have demonstrated the
capture of attention with emotion (Pratto & John 1991), and it is suggested that
this effect is due to difficulty disengaging attention from the emotional qualities of
a stimulus (Fox et al. 2001). Little is known about the neural systems underlying
the capture of attention with emotion, or how this effect may be related to the fa-
cilitation of attention and perception observed when processing emotional aspects
of a cue or stimulus.
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The studies examining emotion’s facilitation or capture of attention have primar-
ily used negative, fearful, or threatening stimuli. For some paradigms, it appears
arousal is the key component for the facilitation of attention (Anderson 2005),
and for others the effects appear to be specific for negative or threatening stimuli
(Ohman et al. 2001). Discussions of the adaptive function of emotion’s facilitation
of attention emphasize the preferential detection of stimuli that signal potential
importance or threat (Whalen 1998) and suggest a primary role for the amygdala
is the modulation of vigilance in the presence of these stimuli. The current evi-
dence of emotion’s influence on attention and perception is largely consistent with
this interpretation.

PROCESSING EMOTION IN SOCIAL STIMULI

There is some debate as to whether there are specialized neural mechanisms for
processing social stimuli. For instance, some regions of the fusiform gyrus are
proposed to be specialized for the recognition of facial identity (Kanwisher et al.
1997). Patients with damage to this region show deficits in recognizing individuals
from their faces (Farah 1990). However, it also proposed that processing in this
region may reflect a more general mechanism for the identification of individual
exemplars from classes of stimuli for which subjects have developed some level
of expertise (Tarr & Gauthier 2000).

Studies of the cognitive mechanisms underlying the recognition of facial iden-
tity indicate that faces are not processed like most other objects. Recognizing faces
depends on holistic and configural processing to a greater extent (Farah et al. 1998).
Although the debate remains open as to whether the neural systems underlying the
processing of face stimuli are unique to faces, it is clear that we have developed
complex cognitive mechanisms that allow us to quickly distinguish friends from
strangers.

Studies on the recognition of facial expression suggest that identifying emotion
from face stimuli relies on yet a different set of processes and different neural
substrates. This is perhaps not surprising given that the consistent identification of
expressions across individuals requires recognizing similarities among different
exemplars of face stimuli, whereas the recognition of identity requires recognizing
differences among exemplars. It has been proposed that depending on the particular
facial expression, different neural mechanisms may be important. In general, these
brain regions are not thought to be specialized for recognizing a specific facial
expression, but rather are thought to have more general role in the processing of
different emotions. For example, it is suggested that insular cortex is important for
the recognition of disgust in social and nonsocial stimuli, whereas the basal ganglia
play a role in the recognition of anger (Calder et al. 2001, Lawrence et al. 2002).
Although brain imaging studies of the amygdala indicate it responds to a range of
facial expressions (e.g., Anderson et al. 2003), it appears to play a critical role in
perceiving fear. Patients with amygdala damage show impairments in identifying
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the intensity of fear in facial expressions (Adolphs et al. 1999). These patients are
able to generate normal facial expressions of fear (Anderson & Phelps 2000), but
consistently rate expressions of fear in others as less fearful than do normal control
subjects. As mentioned earlier, brain-imaging studies show a preferential response
to expressions of fear (Breiter et al. 1996), even when presented subliminally
(Whalen et al. 1998).

Given that different neural mechanisms may underlie the recognition of facial
identity and the recognition of different facial expressions, it would not be surpris-
ing that different types of information are necessary to make these judgments. Two
recent studies examining the amygdala’s role in the identification of fear expres-
sions highlight this point. It is known that recognizing identity from face stimuli de-
pends critically on the specific configuration of different facial features (see Farah
etal. 1998 for areview). Subtle changes in this configuration, such altering the dis-
tance between the eyes and mouth, can significantly impair the recognition of facial
identity. In contrast, recognizing fear from face stimuli seems to depend critically
on a single facial feature—the eyes. A recent imaging study by Whalen and col-
leagues (2004) demonstrated that amygdala activation was more robust in response
to subliminal presentation of the eyes alone for fearful than for happy facial ex-
pressions. The magnitude of amygdala activation in response to the eyes of fearful
versus happy faces was similar to that observed when the entire face is presented.

Another recent study by Adolphs and colleagues (2005a) used a technique
that helped identify which aspects of a face are most important when recognizing
expressions. Consistent with the imaging results (Whalen et al. 2004), the iden-
tification of fear seemed to depend critically on the eyes. An examination of eye
movements when subjects were presented fearful facial expressions showed that
normal control subjects predominately fixated on the eyes. A patient with bilateral
damage to the amygdala showed a different pattern of eye movements, which sug-
gests she was relying on other facial features in her efforts to identify the emotion.
Surprisingly, when this patient was cued to focus on the eyes, her ability to iden-
tify fear from facial expressions improved to normal levels; however, she failed
to adopt this strategy in the absence of explicit instructions. These results indicate
that the amygdala not only responds preferentially to the eyes in face stimuli, but
also may be involved in generating behaviors that aid in the identification of facial
expressions of fear. Although a unique pattern of facial movements are needed to
generate a facial expression of fear (Ekman & Freisen 1976), it seems that not all
of these characteristic facial movements have equal importance in communicating
this emotion.

The studies identifying the perceptual cues necessary for the identification of
fearful facial expressions, which differ for the recognition of identity and, perhaps,
other facial expressions, emphasize the complexity in understanding the range of
information conveyed in face stimuli and how it is used to communicate informa-
tion about social interactions. In addition, it has recently been shown that the con-
text of the presentation of a facial expression can significantly alter the amygdala
response. Fear and surprise are the two facial expressions that are likely to be
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confused due to the similarity in the characteristic facial configurations for these
expressions. A recent brain-imaging study found that if a surprise facial expression
is preceded by a sentence consistent with a surprise reaction, such as “She just
won $500 dollars,” there is less of a BOLD response in the amygdala than if the
sentence is consistent with a fear reaction, such as “He just lost $500 dollars.”
In other words, an emotional context conveyed verbally can alter the amygdala
response to a facial expression. In addition, other cues, such as body movements
consistent with fear, lead to amygdala activation (de Gelder et al. 2004). These
studies suggest that although it is possible to identify the perceptual cues that are
most important in evaluating facial expressions of fear, contextual and symbolic
information can alter responses in brain regions that mediate the identification of
facial expressions from face cues.

When interpreting emotion from facial expression, the amygdala appears to
have a specialized role in processing fear. This role may also extend to other facial
cues that signal potential threat. For example, two recent studies examined the role
of the amygdala in the perception of trust from an individual’s face. Although the
facial characteristics that convey trust are not well understood, it was found that
this type of judgment seems to depend on the amygdala. When viewing pictures of
faces that are rated as more or less “trustworthy,” greater amygdala activation was
observed in response to pictures of individuals who were rated as untrustworthy
based on their faces (Winston et al. 2002). Consistent with this result, patients
with amygdala damage rated pictures of individuals whose faces were deemed
untrustworthy by normal controls as both more trustworthy and more approachable
(Adolphs et al. 1998).

Although the amygdala may be especially attuned to facial signals of threat or
danger, it may also have a broader role in perceiving complex social and emotional
signals from both social and nonsocial stimuli. A study by Adolphs and colleagues
demonstrated the subtlety of the amygdala’s role in the processing of social cues by
showing that it extends to the perception of social and emotional information from
nonsocial stimuli. Heberlein & Adolphs (2004) examined the ability to anthro-
pomorphize. It is a natural human tendency to see social and emotional cues and
interactions among ambiguous or nonsocial stimuli. This tendency to see human
social motives and emotional reactions can extend to inanimate objects. In a clas-
sic study, Heider & Simmel (1944) showed subjects a film of different geometric
shapes moving around a box. Although these were simple shapes, the nature of the
movements resulted in subjects describing the shapes as characters with motives
interacting in a complex social situation. Heberlein & Adolphs (2004) showed this
video to patients with amygdala damage and found that, unlike normal control
subjects, their description of the film emphasized the actual movements of the
geometric shapes, devoid of any social or emotional context or motives. These
results indicate that the amygdala may play a more general role in perceiving and
interpreting emotion from a wide range of stimuli, and the precise perceptual fea-
tures conveying this information may be less important than the social or emotional
content that can be interpreted.
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Cognitive psychology research on the processing of social stimuli has primarily
focused on understanding the types of cues that are critical to recognize facial iden-
tity. The emerging cognitive neuroscience research on the processing of emotion
in faces indicates that a different set of processes and cues are required to perceive
social, emotional information. The notion that there are different neural substrates
that may respond to different facial expressions (Calder et al. 2001) suggests that
depending on emotional expression, different types of cues may be important. In
addition, the context in which an expression is conveyed can alter the amygdala’s
response. These results indicate that understanding how faces communicate social
or emotional information may depend on the confluence of a range of cues, in-
cluding, but not limited to, those that signal facial identity, the social context, and
the facial expression.

Although the amygdala seems to play a critical role in the processing of fear
from facial expressions, it may also play a broader role in perceiving and pro-
cessing emotion from social and nonsocial cues. As previously mentioned, the
amygdala responds to a range of social information, including information about
social groups defined by race (Hart et al. 2000, Phelps et al. 2000), bodily cues
conveying emotion (de Gelder et al. 2004), other facial expressions (Anderson
et al. 2003, Whalen et al. 2001), and interpreting social, emotional information
from nonsocial stimuli (Heberlein & Adolphs 2004). It appears that the amygdala
is not specialized for detecting fear from faces, even though it is especially attuned
to process fearful expressions.

CHANGING EMOTIONAL RESPONSES

A few decades ago, there was debate among psychologists Robert Zajonc and
Richard Lazarus concerning the relation between emotion and cognition. The de-
bate, which was highlighted in adjoining articles in the American Psychologist,
centered around the question of whether the detection of emotion preceded cog-
nitive processing (Zajonc 1984), or whether cognitive functions were a necessary
component in the detection and experience of emotion (Lazarus 1984).

Given that the early cognitive neuroscience research on the neural systems of
emotion in humans was inspired by studies conducted with nonhuman animals,
mostly rats, these studies tended to focus on the primacy of affective responses
and not the influence of cognition. Indeed, there is significant evidence that signals
of emotion are processed by the amygdala automatically, irrespective of attention
(Anderson et al. 2003, Vuilleumier et al. 2001) and awareness (Morris et al. 1998b,
Whalen et al. 1998), and that this early detection of emotion can influence a range
of cognitive functions, including perception, attention, and memory. Research with
nonhuman animals has found that there are specialized subcortical pathways that
allow for the early detection of emotion so that the amygdala can perceive potential
threat in the environment prior to the completion of standard perceptual functions
(Romanski & LeDoux 1992), and there is some evidence that this pathway exists
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in humans (de Gelder et al. 1999, but see also Pessoa et al. 2002). These findings
strongly support the position that the processing of emotion occurs prior to a
complete cognitive analysis (Zajonc 1984).

However, an emerging body of research suggests that a range of cognitive
functions can also affect the amygdala and the experience of emotion. These
studies indicate that the results of cognitive interpretations are an important factor
in the perception of emotion. A few examples of this were described above. For
instance, the studies on instructed fear demonstrate that in some circumstances
linguistic interpretation and episodic memory are critical for emotional learning.
Abstract representations of the emotional properties of a stimulus will influence the
amygdala (Phelps et al. 2001), which in turn mediates the physiological expression
of fear (Funayama et al. 2001). An emotional context conveyed through language
can also alter the amygdala’s response to facial expressions, as was demonstrated in
the study by Whalen and colleagues (2004) in which the amygdala’s response to a
surprise face was modulated by the sentence preceding its presentation. In addition,
the amygdala’s response to social groups defined by race can be modulated by task
demands (Wheeler & Fiske 2004). These studies support the position that cognitive
functions are a necessary component in understanding the neural systems and
processing of emotion (Lazarus 1984).

More recently, there has been a renewed interest in the influence of cognition
on emotion inspired by investigations of emotion regulation (see Gross 2002 for
a review). The ability to regulate our emotional responses and states is a critical
component of normal social function and adaptive interactions with the environ-
ment. Although certain stimuli may be prone to evoke an emotional reaction, how
those stimuli are processed and interpreted can have a profound impact on both
internal states and expressed behaviors and actions. Through conscious strategies
and practice, individuals can change their interpretation of specific stimuli, and this
can alter emotional reactions. Changing emotional responses through reasoning
and strategies emphasizes the impact of cognition on emotion.

Recent studies exploring the neural mechanisms of regulating emotional re-
sponses to negative stimuli have suggested one consequence of these conscious
regulation strategies is to alter the amygdala response. In a study by Ochsner and
colleagues (2002), subjects viewed pictures of emotional and neutral scenes. For
some scenes, the subjects were asked to simply attend to their natural emotional
reactions. For other scenes, subjects were instructed to reappraise the emotional
significance of the situation presented in the scene. For example, if a scene of
women crying outside a church is presented, one interpretation is that it is a fu-
neral and the women are crying in grief. However, if instructed to “reappraise”
the emotional scene, subjects might instead imagine that the women crying in joy
at the wedding of a loved one. Reappraisal is similar to viewing the cup as half
full as opposed to half empty. Reappraising the scene can alter the experience of
emotion (Gross 2002). Ochsner and colleagues (2002) found that it also diminishes
amygdala activation (see Schaefer et al. 2002 for a similar result). A comparison of
“reappraise” and “attend” trials for negative scenes showed decreased activation
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of the amygdala and increased activation in the middle frontal gyrus of the left, lat-
eral prefrontal cortex (PFC). This lateral PFC region has previously been linked to
executive processes of working memory (see, e.g., Smith & Jonides 1999), which
suggests this region may be involved in the online processing of the interpreta-
tion of the scene. Activation in this left lateral PFC region was correlated with
reappraisal success. Those subjects who showed greater activation in this region
to “reappraise” versus “attend” trials showed a greater change in their reported
emotional response to scenes with reappraisal. In addition, activation in this lat-
eral PFC region was correlated with activation of the amygdala, which suggests a
role for this region in inhibiting the amygdala response to these complex scenes.

The finding that brain regions linked to executive function and working mem-
ory are correlated with the amygdala response during the conscious reappraisal of
scenes suggests one pathway by which complex cognitive manipulations of stimuli
might influence the neural circuitry of emotion. However, anatomical connectiv-
ity studies of the amygdala and PFC suggest that communication between these
regions is not direct. Within the PFC, more ventral and medial regions are thought
to be more similar across species, and the amygdala’s connectivity with the PFC
is primarily through these regions (McDonald et al. 1996, Stefanacci & Amaral
2002). Studies that have explored the role of the PFC in the inhibition of affect
and amygdala function in nonhuman animals have emphasized the involvement of
more ventral, medial PFC (vmPFC) areas (Milad & Quirk 2002, Morgan & LeDoux
1995). These studies have primarily examined the extinction of conditioned fear.
Once a conditioned fear is acquired, this fear response can be changed through
extinction. During a typical extinction procedure, the CS is no longer paired with
the US. The animal eventually learns that the CS does not predict the US and the
expression of conditioned fear is diminished. A number of studies in nonhuman
animals have demonstrated that the vmPFC plays an important role in the retention
of extinction learning and inhibiting the amygdala response. This inhibition of the
amygdala mediates the diminished expression of conditioned fear with extinction
(see Milad & Quirk 2002 for a review). Results from a brain imaging study in
humans examining the neural mechanisms of extinction learning were consistent
with this animal model (Phelps et al. 2004).

A recent study investigated if the conscious regulation of emotion, which is
unique to humans and depends on cognitive strategies, is linked to the mechanisms
of extinction learning (Delgado et al. 2004). Both means of changing emotional
responses involve interactions between the amygdala and PFC, but the precise
region of the PFC seems to vary. In this study, subjects were asked to regulate a
conditioned fear response in which the CS’s were colored squares, one of which
was paired with a mild shock to the wrist (the US). On the “regulation” trials, sub-
jects were instructed to imagine a soothing scene from nature that incorporated the
color of the CS. On the “attend” trials, subjects were instructed to simply attend
to their natural feelings and reactions. Consistent with the findings of Ochsner
and colleagues (2002), using an emotion regulation strategy diminished the con-
ditioned fear response, resulted in decreased activation of the amygdala, and
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enhanced activation in the left lateral PFC. In addition, activation was also ob-
served in the vmPFC region during emotion regulation. The pattern of this activa-
tion and its location within the medial PFC mirrored those observed when fear was
diminished with extinction learning (Phelps et al. 2004). These results suggest that
conscious, emotion regulation strategies, which depend on lateral PFC regions
known to be important for executive processes and working memory (Smith &
Jonides 1999), may act to diminish negative emotional responses by virtue of their
influence on medial PFC regions that have been shown to inhibit the amygdala
during extinction. In other words, emotion regulation strategies, which are unique
to humans and seem to depend on regions of the PFC that differ in humans, may in-
hibit fear responses by co-opting the mechanisms of fear extinction that are similar
across species.

As our understanding of the influence of higher cognitive functions on emo-
tion processing grows, it has become increasingly apparent that even subcortical
neural mechanisms that are preserved across a wide range of species, such as
the amygdala, can be significantly influenced by neural systems and behaviors
that are uniquely human, such as reasoning and strategies. These higher cognitive
functions may influence the amygdala by taking advantage of neural mechanisms
that evolved to accomplish more simple tasks across species. These findings high-
light the complexity of the debate made famous by Lazarus (1984) and Zajonc
(1984) more than 20 years ago. At that time, it seemed reasonable to debate
whether emotion or cognition is primary when processing and interpreting stim-
uli. More recent research from cognitive neuroscience suggests that the answer
could not be so simple. The mechanisms of emotion and cognition are inter-
twined from early perception to complex reasoning. It appears that understanding
the separate contributions of emotion and cognition when processing stimuli be-
comes increasingly difficult as we learn more about the nature of the psychological
and neural representations of behaviors typically categorized as either emotion or
cognition.

CONCLUSION

As our understanding of the cognitive neuroscience of emotion and cognition
grows, it is increasingly apparent that the division of human behavior into emotion
and cognition is not as clear as previous philosophical and psychological investi-
gations have suggested. The mechanisms of emotion and cognition appear to be
intertwined at all stages of stimulus processing and their distinction can be dif-
ficult. It is also apparent that much like the study of cognition divided functions
into different domains, such as memory, attention, and reasoning, the concept of
emotion has a structural architecture that may be similarly diverse and complex
(Russell & Barrett 1999, Scherer 2000). This review has focused on “emotion”
overall, but for the different cognitive domains explored the precise characteristics
of emotion that influence specific cognitive functions may differ.
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As we move forward in the study of the representation of cognition, it is clear that
a consideration of emotion is necessary. Examining cognitive functions without
an appreciation for the social, emotional, and motivational context will result in
an understanding that may be limited in its applicability outside of the research
laboratory. The traditional research domains of psychology, such as cognitive,
social, and clinical, may help create unified areas of research, but may also diminish
our appreciation of the complexity of human behavior by discouraging discussion
of their interactions. Adding the complexity of emotion to the study of cognition
can be daunting, but investigations of the neural mechanisms underlying these
behaviors can help clarify the structure and mechanisms.
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Figure 1 The amygdala (blue) and hippocampus (green). Reprinted from Phelps (2004).
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Figure 2 The connectivity of subregions of the amygdala (L, Bi, Bmc) and ventral
visual cortical regions (V1, V2, V4, TEO, TE) in the macaque monkey. Reprinted
from Freese & Amaral (2005).
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