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Abstract
In this article, we discuss the hypothesis that affect is a fundamental, psycho-

logically irreducible property of the human mind. We begin by presenting

historical perspectives on the nature of affect. Next, we proceed with a more

contemporary discussion of core affect as a basic property of the mind that is

realized within a broadly distributed neuronal workspace. We then present the

affective circumplex, a mathematical formalization for representing core affec-

tive states, and show that this model can be used to represent individual

differences in core affective feelings that are linked to meaningful variation in

emotional experience. Finally, we conclude by suggesting that core affect has

psychological consequences that reach beyond the boundaries of emotion, to

influence learning and consciousness.
vier Inc.
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‘‘. . . stimuli do something more than arouse sensation; they give rise to
processes of a different kind, to ‘‘feelings’’ in a special sense; we do not
merely take the impressions as they come, but we are affected by them, we
feel them’’
Titchener (1909, p. 226)
In English, the word ‘‘affect’’ means ‘‘to produce a change.’’ To be
affected by something is to be influenced by it. In science, and particularly
in psychology, ‘‘affect’’ refers to a special kind of influence—something’s
ability to influence your mind in a way that is linked to your body.
Historically, ‘‘affect’’ referred to a simple feeling—to be affected is to feel
something. In modern psychological usage, ‘‘affect’’ refers to the mental
counterpart of internal bodily representations associated with emotions,
actions that involve some degree of motivation, intensity, and force, or
even personality dispositions. In the science of emotion, ‘‘affect’’ is a general
term that has come to mean anything emotional. A cautious term, it allows
reference to something’s effect or someone’s internal state without specify-
ing exactly what kind of an effect or state it is. It allows researchers to talk
about emotion in a theory-neutral way.

In this review, we begin with a historical account of the concept of affect
in psychology. This sets the stage for discussing the contemporary view of
core affect as a basic, universal, and psychologically irreducible property of
the mind. We then describe the brain areas that are responsible for realizing
core affect, illustrating its central role in mental life. Next, we present the
affective circumplex as a mathematical formalization for representing core
affective states. We then describe evidence from our own laboratory
demonstrating that the circumplex can model and represent individual
variation in core affective feelings that are linked to differences in the
precision of emotional experience (termed emotional granularity). Finally,
we end by describing our most recent research on how affective variation
has important psychological consequences that reach beyond the boundaries
of emotion. We describe how core affect forms a basis for learning and
grounds consciousness for other senses like seeing.
1. Affect in the History of Psychology

Wilhem Wundt (1998b/1897), along with William James (1890),
crafted the first psychological constructionist approaches to psychology
(Gendron & Barrett, in press). Constructivist approaches are united in the
assumption that the mental phenomena people experience and name (e.g.,
‘‘thoughts,’’ ‘‘emotions,’’ ‘‘memories,’’ and ‘‘beliefs’’) are events that result
from the interplay of more basic psychological ingredients that are not
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themselves specific to any single psychological phenomenon. Whereas
James focused on the importance of raw sensory processing of somatic,
visceral, vascular, and motor cues from the body as the basic building block
of the mind, Wundt focused on the mental counterpart of those internal
cues, which he called ‘‘affect.’’1

Affect, according to Wundt, is a feeling state that is a fundamental
ingredient of the human mind. People are, wrote Wundt, likely ‘‘never in
a state entirely free from feeling’’ (1897/1998b, p. 92). Wundt argued that
affect is a direct (uninterpreted), psychologically primitive (psychologically
irreducible) experience. He also argued that internally-generated sensations
were as important to mental life as externally-driven sensations, so that affect
(what he called ‘‘simple feelings’’) and sensation were two sides of the same
mental coin. Internal and external sensations ‘‘do not indicate separate
objects,’’ wrote Wundt, ‘‘but different points of view from which we start
in the consideration and scientific treatment of a unitary experience’’ (1897/
1998b, p. 2). Wundt referred to simple feelings as the ‘‘affective tone of a
sensation’’ (1987/1998b, p. 75).

Wundt described momentary affective states as having three independent
qualities—pleasantness/unpleasantness (now called hedonic valence), arous-
ing/subduing (arousal), and strain/relaxation (intensity). According to
Wundt, these properties were not ingredients that make an affective response,
because affect itself is irreducible and cannot be decomposed into more basic
parts. Instead, valence, arousal, and intensity are descriptive features of a
unified state. These three properties define the multidimensional affective
space that people inhabit, such that a person’s momentary affective state can
be described in these terms. Furthermore, Wundt believed that there was
great variety in the nature of simple feelings, so that pleasure and displeasure
did not refer to uniform states. It is ‘‘entirely untenable,’’ wrote Wundt, that
the ‘‘unpleasurableness of a toothache, of an intellectual failure, and of a tragic
experience are all regarded as identical in their affective contents’’ (p. 85).

Edward Titchener (Wundt’s student) largely agreed with Wundt, save
two modifications (Titchener, 1909). First, Titchener believed that affect had
only one property—hedonic valence—on the somewhat flawed reasoning
that pleasure and displeasure were clearly accessible to introspection. Second,
Titchener, more so thanWundt, believed that the content of feelings revealed
their process (i.e., those feelings of pleasure and displeasure reveal the process
of evaluation). This latter assumption has caused a great degree of confusion in
scientific discussions about the basic dimensions of affect, as we discuss later.

Likemost ‘‘dimensional’’ approaches,Wundt and Titchener did not argue
thatmental states are reduced to only affective feelings. Instead, they argued that
1
In an earlier volume of Physiological Psychology, Wundt argued that affect is an attribute of sensation. In his
1896 Outlines of Psychology, he changed his view and argued that sensations and feelings are complementary
elements (Titchener, 1908).
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affect is a mental element that can become an emotion when combined with
other mental elements. This assumption inspired many similar models of
emotion during the first half of the twentieth century (e.g., Beebe-Center,
1932; Duffy, 1934; Gemelli, 1949a,b; Hunt, 1941; Ruckmick, 1936; Young,
1943) and defined a theoretical tradition that was carried forward by Schachter
and Singer (1962), Mandler (1975), Russell (2003), and Barrett (2006b).
Wundt, in particular, emphasized that emotions are not static things or entities,
but instead are ‘‘psychical compounds’’ or composites that are constituted out
of ‘‘psychical elements,’’ like affect, that are simple and irreducible in a
psychological sense (1897/1998b, p. 101). He proposed that the additional
element in emotion was ‘‘ideas,’’ which he described as ‘‘revival of previous
experiences’’ (1894/1998, p. 452).2 For our purposes, the important point is
that most theorists who are labeled as having a ‘‘dimensional’’ perspective on
emotion, including Wundt and Titchener, did not argue that affect was
sufficient to explain mental states. They only proposed that it was necessary.

Wundt and Titchener inspired several decades of debate about affect
during the first decades of the twentieth century. First, there was debate
over whether affect was more like a sensation (i.e., a sixth sense to vision,
taste, etc.) or like amental feeling.Most writers favored the latter conclusion.
For example, Alechsieff (1907; cited inArnold, 1960) argued that affect is not
a sensation on the grounds that it cannot be parsed and analyzed as distinct
modalities like vision, audition, and touch. Koch (1913; cited in Arnold,
1960) added that affect is not a distinct sensory modality because it is derived
from ‘‘diffuse organic sensations,’’ in effect arguing that affect can be distin-
guished from sensations that derive from the external sensory world, but not
from those sensations that derive from the internal sensory world (i.e., the
body). In modern terms, Koch’s proposal would be that affect is, essentially,
a redescription of internal sensation in personally relevant terms. In contrast,
Arnold herself argued that affect (as feeling) is completely separate from all
sensations and always occurs in reaction to them. Importantly, Arnold’s
writing forms the basis of most modern appraisal views of emotion.
2
Wundt described how affective and ideational compounds combine via a specific temporal course in a way
that strongly foreshadows the kind of stage model described by Schachter and Singer (1962) (and carried
forward in some newer constructionist views, e.g., Russell, 2003). According to Wundt, emotions begin
with an ‘‘inceptive feeling’’ that is affective in nature. The inceptive feeling is caused either by external
sensory stimulation (what Wundt called ‘‘outer emotional stimulation’’) or internal stimulation arising from
associative or apperceptive conditions (what Wundt referred to as ‘‘psychical’’) (1897/1998b, p. 171). Next,
an ‘‘ideational process’’ distinguishes different emotional feelings from one another. AlthoughWundt did not
provide a clear definition of what an ideational process is, his writing is at least suggestive that he is referring to
some sort of embodied conceptualization close to that proposed by Barrett (2006b). Finally, there is a
terminal feeling, which is basically a more diffuse affective state that remains after the more intense feelings
have dissipated—similar to a mood state. Interestingly, Wundt argued that the psychical compounds combine
to produce emergent emotional phenomena (in a way that is reminiscent of more recent treatments of
emotion, e.g., Barrett, 2006b; Clore & Ortony, 2008). ‘‘The attributes of psychical compounds’’ Wundt
wrote ‘‘are never limited to those of the elements that enter into them, but new attributes, peculiar to the
compounds themselves, always arise as a result of the combination of these elements’’ (1897/1998b, p. 91).
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A second debate inspired by Wundt and Titchener dealt with the
question of whether affect is distinct from emotion. Most writers assumed
that the answer was yes, but for different reasons. Some argued that feelings
of pleasantness and unpleasantness are something more akin to an attitude or
an action tendency derived from the feeling of wanting to approach or
avoid an object (e.g., Carr, 1925; Hunt, 1939; Peters, 1935; Young, 1943).
These feelings could then be shaped into emotion via additional processes.
In these models, which have a largely constructionist flavor that is similar to
Wundt and Titchener, emotion is just one class of affective feeling. Arnold
(1960), on the other hand, used the word ‘‘affect’’ to refer to ‘‘feelings’’
as categorically separate from ‘‘emotions’’ which she described in more
behaviorally mechanistic terms (i.e., a tendency to move towards or away
from an object during basic emotions). For Arnold, affect is a state of mind
that occurs in response to emotion—it is unpleasant to be angry or sad or
afraid and pleasant to be excited or happy or tranquil. According to Arnold,
both sensations and emotions inspire affective feeling (that are pleasant or
unpleasant) by virtue of their influence.

Amidst these debates, the last century has seen a steady accumulating
of evidence that Wundt’s initial proposals about affect were largely correct.
In the next section, we discuss how a person’s momentary mental state
(however it is categorized) can be described as pleasant or unpleasant with
some degree of arousal. Together valence and arousal describe something
psychologically primitive—a basic or ‘‘core’’ ingredient common to all psy-
chological states. In the section following that, we describe the neuroanatomi-
cal evidence that a core affective state is, at once, tied to a person’s interoceptive
sensations from the body and exteroceptive sensations from the world.
2. A Modern Wundtian View: Core Affect

Core affect is a state of pleasure or displeasure with some degree of
arousal (Barrett, 2006b,c; Russell, 2003; Russell & Barrett, 1999).
Together, valence and arousal form a unified state, so although it is possible
to focus on one property or the other, people cannot feel pleasant or
unpleasant in a way that is isolated from their degree of arousal.3 This
kind of affect is referred to as ‘‘core’’ for a number of reasons.

Barring injury, core affect is grounded in the somatovisceral, kinesthetic,
proprioceptive, and neurochemical fluctuations that take place within
the core of body (Barrett, 2006a; Nauta, 1971). As we will see in the
3
This may be one reason why the Negative Affectivity/Positive Affectivity model of affect (Watson &
Tellegen, 1985) and other similar models are so popular. The empirical basis for this model is grounded
largely in self-reports of affective experience.
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next section, core affect is realized by integrating incoming sensory infor-
mation from the external world with homeostatic and interoceptive
information from the body. The result is a mental state that can be used
to safely navigate the world by predicting reward and threat, friend and foe.

Affect is a central feature in many psychological phenomena, including
emotion (Barrett, 2006a,b; Diener, 1999; Russell, 2003), attitudes
(e.g., Cacioppo & Berntson, 1994; Eagly & Chaiken, 1998; Ito & Cacioppo,
2001), stereotyping and prejudice (e.g., Cacioppo & Berntson, 2001; Forgas
& Fiedler, 1996; Mackie & Hamilton, 1993; Moreno & Bodenhausen,
2001), verbal communication and negotiation strategies (e.g., Forgas, 1998,
1999a,b), judgment and decision-making (e.g., Forgas, 1995; Haidt, 2002;
Slovic et al., 2002), predicting the future (e.g., Gilbert & Ebert, 2002;
Gilbert et al., 1998), workmotivation (e.g., Seo et al., 2004), psychopathology
(e.g., Davidson, 2000; Davidson et al., 2002), well-being, (e.g., Davidson,
2004), health (Gallo et al., 2005), and personality (e.g.,Revelle, 1995;Watson,
2000; Yik et al., 2002). Core affect provides a common metric (or what
neuroeconomists call a ‘‘common currency’’) for comparing qualitatively
different events (Cabanac, 2002), and can serve as the basis formoral judgments
of right andwrong (Greene et al., 2001;Haidt, 2001). It also serves as a basic of
language comprehension. A speaker’s tone of voice (speaking rate, tone of
voice, and intonation) as well as acoustical cues to the identity of a speaker
routinely impacts the affective state of the listener (Nygaard & Lunders 2002;
Owren&Rendell, 1997) and these cues influence lexical processing (Schirmer
& Kotz, 2003;Wurm et al., 2001). Affective tone even influences the percep-
tion of spoken words, making it easier to recognize some words and harder to
recognize others (Nygaard & Queen, 2008). In the final section of the paper,
wediscuss howcore affect is important in normal object perception (seeBarrett
& Bar, in press). People see with feeling. We ‘‘gaze,’’ ‘‘behold,’’ ‘‘stare,’’
‘‘gape,’’ and ‘‘glare.’’ Without affect, there is visual sensation, but no sight.

Core affect also represents a basic kind of psychological meaning. The
basic acoustical properties of animal calls (and human voices) directly act on
the nervous system of the perceiving animal to change its affective state and
in so doing conveys the meaning of the sound (Owren & Rendall, 1997,
2001).4 All words (regardless of language) have an affective dimension of
meaning (Osgood et al., 1957), so that people cannot communicate without
also (often inadvertently) communicating something about their affective
state. Learning a new language fluently does not merely require making a
link between the phonological forms of words and their denotation, but a
connection to affective changes must also be forged.
4
The acoustical properties that reflect the identity of the sender (reflected in ‘‘sonants’’ and ‘‘gruffs’’) indirectly
influence the affective state of the perceiving animal based on its prior experience with the sender, whether it
is animal (Owren & Rendall, 1997) or a human speaker (Bliss-Moreau et al., manuscript under review).
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Finally, as we discuss in the final section of the paper, affective changes
are ‘‘core’’ because they are crucial to the conscious experience of the world
around us (for a discussion, see Duncan & Barrett, 2007). Affective changes
are often experienced as a property of an object, in much the same way as
color (people say ‘‘The sky is blue’’ rather than ‘‘I experience the sky as
blue’’ or ‘‘Light from the sky at 500 nm is striking my retina which I
experience as blue’’). Indeed, objects in the world are said to be ‘‘positive’’
or ‘‘negative’’ by virtue of their capacity to influence a person’s core
affective state. For example, if the perception of a snake involves unpleasant,
high arousal affect, then the snake is said to be negative and arousing.

People are often aware of their core affective state, although they need
not be. The capacity to have core affective states is psychologically universal
and biologically basic, although people largely learn which sensory patterns
predict threat and reward through experience. Infants (Lewis, 2000) and
people in all cultures around the world have core affective experiences
(Mesquita, 2003). Scientists can clearly measure core affect in the face (for
reviews, see Cacioppo et al., 2000), in the voice (for reviews, see
Bachorwoski, 1999; Russell et al., 2003), and in the peripheral nervous
system (for reviews, see Bradley & Lang, 2000; Cacioppo et al., 2000). As a
consequence, core affect can be thought of as a neurophysiologic barometer
of the individual’s relationship to an environment at a given point in time,
with self-reported feelings as the barometer readings.
3. The Neural Reference Space for Core Affect

With several decades of modern neuroscience evidence to draw from,
it is now possible to see that Wundt was probably right about the relation
between affect and external sensations. Both neuroanatomical and neuro-
imaging evidence suggests that people don’t evaluate an object for its
personal significance once they already know what it is. Their affective
reaction to the external sensory array helps the brain to make external
sensations meaningful, aiding perception in a very basic way.

The distributed circuitry for core affect can be found in every mamma-
lian brain and is particularly elaborated in the human brain (Fig. 4.1). These
areas represent crucial components of a network that bind sensory stimula-
tion from inside the body to that coming from outside the body, and in so
doing each gives the other informational value. Some parts of affective
circuitry are strongly interconnected with sensory cortical areas, whereas
others are strongly interconnected with areas that direct the autonomic and
hormonal responses to regulate the homeostatic state of the body (Barrett &
Bar, in press). The strongly re-entrant nature of neural activity makes it
difficult to derive simple cause and effect relationships between the brain
and the body, or between sensory and affective processing.



Figure 4.1 The hypothesized neural reference space for core affect. Brain areas that
realize core affect include the visceromotor and sensory integration networks in the OFC
(A–C, blue, and purple, respectively), the anterior insula (D, yellow), the amygdala (D,
rose), subgenual and pregenual parts of the ACC (B, copper, tan), the hypothalamus
(B, light green), and the ventral striatum (D, dark green). Also included are the midbrain
(B, turquoise) and brainstem (B, C, dark pink). Adapted from Barrett et al. (2007). Refer
online version of the chapter for color figure.
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Core affective circuitry includes brain areas that are traditionally consid-
ered to be ‘‘emotional,’’ such as the amygdala and ventral striatum. The
amygdala’s role in affective circuitry is not to code for fear, or threat, or
anything negative per se. Instead, the amygdala’s function is to direct the
various sources of attention (Holland & Gallagher, 1999) towards a source of
sensory stimulation (such as an object) when the predictive value of that
stimulation is unknown or uncertain (cf. Barrett et al., 2007). As a conse-
quence, the brain can orchestrate physiology and physical actions that allow it
to learn more about the object to better predict its value on future encounters.
The amygdala’s work is complete once an object’s value is known for that
particular context and in that particular instance. When the threat or reward-
ing value again becomes uncertain the amygdala is once again engaged (e.g.,
Barad et al., 2006; Herry et al., 2007). This interpretation is not only
consistent with the neuroscience research showing that rats freeze during
aversive classical conditioning (in our view mistakenly called ‘‘fear’’ condi-
tioning), but it is also consistent with the research showing that the amygdala
is selectively engaged by novelty (e.g., Dubois et al., 1999; Schwartz et al.,
2003; Wilson & Rolls, 1990; Wright et al., 2003, 2006, 2007, 2008) and
ambiguity (Hsu et al., 2005), and quickly habituates to stimuli as they become
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familiar (Breiter et al., 1996; Wedig et al., 2005; Wright et al., 2001, 2003).5

Furthermore, amygdala lesions disrupt normal responses to novelty in pri-
mates (e.g. Prather et al., 2001). For a related view, see Whalen (1998).

The ventral striatum (and the largermesolimbic dopamine systemofwhich
it is a part) does not to code for reward or positivity per se, but instead gates
attention to novel, salient, or unexpected environmental events that require an
effortful (usually behavioral) response, regardless of whether they are positive
or negative (e.g., Berridge &Robinson, 1998;Horvitz, 2000, 2002; Salamone
et al., 2005, 2007; Schultz et al., 1993). Consistent with this view, both
approach and withdrawal behaviors in rats are facilitated via electrical stimula-
tion of the rostral and caudal shells of the nucleus accumbens (which is part of
the ventral striatum; Reynolds & Berridge, 2001, 2002, 2003) and approach
behaviors become dopamine independent with overtraining (Choi et al.,
2005). Dopamine neurons within the ventral striatum increase their firing
rates when surprising or unexpected appetitive events are presented
(McCullough & Salamone, 1992), but firing rates do not increase when
appetitive events are predictable (Mirenowicz & Schultz, 1994). New evi-
dence in rats demonstrates a context dependent functional remapping of cells
in the nucleus accumbens; the same cells code for reward or threat depending
on the context in which the rat is placed (Reynolds & Berridge, 2008).

Core affective circuitry also includes paralimbic portions of prefrontal
cortex that until recently have been considered ‘‘cognitive’’ (cf. Duncan &
Barrett, 2007). These areas include the lateral portions of the orbitofrontal
cortex (OFC) extending back to the agranular insula and laterally to the
ventrolateral prefrontal cortex (vlPFC), as well as the medial portions of the
OFC (sometimes included in the ventromedial prefrontal cortex or
vmPFC) extending back to the subgenual and pregenual portions of the
anterior cingulate cortex (ACC) on the medial wall. The OFC is a hetero-
modal association area that integrates sensory inputs from the external world
and from the internal body to create a multimodal representation of the
world at a particular moment in time (Mesulam, 2000). It plays a role in
representing reward and threat (e.g., Kringelbach & Rolls, 2004) as well as
in hedonic experience (Kringelbach, 2005; Wager et al., 2008).

Figure 4.1 demonstrates how the amygdala, ventral striatum, and OFC
(including the vmPFC), along with the ACC, insula, thalamus, hypothala-
mus, and autonomic control centers in the midbrain brainstem, constitute a
large-scale neural reference space that realizes neural representations of sensory
information from the world as well as its somatovisceral impact (Barbas,
2007; Ghashghaei & Barbas, 2002; Ongur et al., 2003; reviewed in Duncan
& Barrett, 2007). This description of affective circuitry is meant to be
5
In our view, freezing is not a behavioral index of fear. Freezing can be thought of as an alert, behavioral stance
that allows a creature to martial all its attentional resources to quickly learn more about stimulus whose threat
value is uncertain (e.g., a tone that is suddenly paired with a footshock).
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nonspecific without sounding vague, in that a ‘‘neural reference space’’
(according to neuroscientist Gerald Edelman) refers to a neuronal work-
space that implements the brain states that correspond to mental states.
Different brain states are implemented as flexible neuronal assemblies,
so that a given neuron need not participate in every brain state within a
class (such as reward or hedonic pleasure), or even in the exact same mental
state at two different points in time. The assembly of neurons involved in
realizing the constantly changing flow of affective states shifts from moment
to moment, so that particular neurons are selective for affect but may not be
specific to affect in any way.6 Furthermore, this circuitry, although not
specific to emotion, is nicely illustrated within a meta-analysis summarizing
functional magnetic resonance imaging (fMRI) and positron emission
tomography (PET) studies of emotion and affect published between 1990
and 2005 (see Fig. 4.2; Wager et al., 2008).

Although the details are continually being researched, the available
evidence suggests that this larger neutral reference space for core affect can
be subdivided into two related functional networks (for reviews, see
Barbas & Pandya, 1989; Carmichael & Price, 1996; Hurliman et al., 2005;
Ongur & Price, 2000; Ongur et al., 2003). The first functional network is a
sensory integration network. This network establishes an experience-dependent,
value-based representation of an object that includes both external sensory
features of an object along with its impact on the homeostatic state of the
body. It includes the cortical aspects of the amygdala (specifically, the baso-
lateral complex (BL)), the central and lateral portions of OFC, as well as most
of the adjacent agranular insular areas. The sensory integration network has
robust connections with unimodal association areas of many sensory mod-
alities (Barbas, 1993, 2000; Carmichael & Price, 1995; Cavada et al., 2000;
Ghashghaei & Barbas, 2002; McDonald, 1998), including the anterior insula
that represents interoceptive sensations (Craig, 2002).

The second functional network is a visceromotor network and is part of a
functional circuit that guides autonomic, endocrine, and behavioral responses
to an object. It includes the medial portions of the OFC (extending into what
6
Our starting assumption is that core affective states are realized in a broadly distributed system within the
mammalian brain. This view is inspired by constraint satisfaction logic that represents how the brain works
(Barrett et al., 2007; O’Reilly & Munakata, 2000; Spivey, 2007; Wagar & Thagard, 2004), as well as newer
evidence on population-based coding and multi voxel pattern analysis where information is contained in
spatial patterns of neuronal activity across the brain (Norman et al., 2006). In our view, different instances of
core affect (combinations of hedonic valence and arousal) correspond to different brain states (flexible,
distributed assemblies of neurons) from moment to moment, but these need not be localized in different
parts of the brain. Two specific instance of high arousal, negative affect can be realized in different neuronal
assemblies, even within the same person. A given neuron, because it receives input from many other neurons,
can participate (in a probabilistic sense) in more than one neuronal assembly at the same time. It is even the
case that single neurons can respond to different classes of information, depending on the frequency of firing
(or the context) (Basole et al., 2003; Izhikevich et al., 2003; Reynolds & Berridge, 2008), so that even
neurons are probably not specific to a single feature or content.
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is sometimes called the vmPFC), as well as subgenual and pregenual areas of
the ACC, with robust reciprocal connections to all limbic areas (including
many nuclei within the amygdala, and the ventral striatum), as well as to the
hypothalamus, midbrain, brainstem, and spinal cord areas that are involved in
internal-state regulation (Barbas & De Olmos, 1990; Barbas et al., 2003;
Carmichael & Price, 1995, 1996; Ghashghaei & Barbas, 2002; Ongur et al.,
1998; Price, 2007; Rempel-Clower & Barbas, 1998). These areas modulate
changes in the viscera associated with the autonomic nervous system (includ-
ing tissues and organsmade of smooth muscle, such as the heart and lungs) and
neuroendocrine changes that affect the same organs by way of the chemicals
released into the bloodstream via hypothalamic regulation of the pituitary
gland. In addition, the visceromotor network (particularly the vmPFC) is
important for altering simple stimulus-reinforcer associations via extinction
(Milad et al., 2005; Phelps et al., 2004; Quirk et al., 2000) or reversal learning
(Fellows & Farah, 2003) and appears to be useful for decisions based on
intuitions and feelings rather than on explicit rules (Dunn et al., 2006; Goel
&Dolan, 2003; Shamay-Tsoory et al., 2005), including guesses and familiarity
based discriminations (Bechara et al., 1997, 1999; Elliott et al., 1999, 2000;
Schnider et al., 2000; Schnyer et al., 2005; Weller et al., 2007).

The circuitrywithin the neural reference space for core affect binds sensory
information from the external world to sensory information from the body, so
that every mental state is intrinsically infused with affective content. When
core affect is in the background of consciousness, it is perceived as a property of
the world, rather than as the person’s reaction to it. It is under these circum-
stances that scientists usually refer to affect as ‘‘unconscious.’’ We experience a
world of facts rather than feelings, and affect gives us a sense of confidence in
those facts. This iswhy a drink tastes delicious or is unappetizing (e.g., Berridge
& Winkielman, 2003; Winkielman et al., 2005), why we experience some
people as nice, and others as mean; and why some paintings are beautiful
whereas others are ugly. When core affect is experienced as a property of the
world it acts in stealth by directly translating into a behavior.We have another
sip of Bordeaux because it tastes so good. We avoid an acquaintance on the
street because he is mean. We stand for hours looking at the details of a
painting because it is captivating. When affect is backgrounded in conscious-
ness, we refer to ‘‘affective stimuli’’—but affect is never a property of a
stimulus—it is a feature of a person’s response to that stimulus. An object is
said to have affective value precisely because it has the capacity to influence an
individual’s core affective state. When core affect is in the foreground of
consciousness, it is experienced as a personal reaction to the world: we like
or dislike a drink, a person, or a painting. It is at these times that feelings which
can be described as pleasant or unpleasant content with some degree of arousal
can serve as information for making explicit judgments and decisions
(Clore et al., 2005; Schwarz & Clore, 1983).

Finally, we hypothesize that the validity of experience is rooted in core
affect. Core affect gives force to our attitudes and beliefs, and provides a sense
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that whatwe know iswhat is right or correct. It seems plausible, then, that core
affect would contribute to confidence in our beliefs about political topics (e.g.,
global warming, abortion, etc.), our world view (e.g., belief in a just world, or
in basic moral principles), or even form the core of religious faith (e.g., a strong
affective response is how you believe in something that cannot be seen). It is
no surprise, then, that the most affectively loaded topics are the ones that
produce the most steadfast opinions, even in the face of contrary evidence.
4. The Affective Circumplex:

A Descriptive Tool for Representing

the Nature of Core Affect

A person’s momentary core affective state (whether it is a simple feeling,
part of an emotion, or part of perceiving an image or another person’s face),
realized by such complex circuitry in the anterior parts of the human brain,
can be psychologically described and represented by a single point on the two
dimensional space schematically represented in Fig. 4.3. Many readers will
recognize this structure as the affective circumplex (Barrett & Russell, 1999;
Feldman, 1995b; Russell, 1980; Russell & Barrett, 1999). The horizontal
dimension, hedonic valence, ranges from pleasant states at one end to
unpleasant states at the other. The vertical dimension, arousal, ranges from
high activity and attention at one end to low activity and sleepiness at the
other. Both dimensions are descriptively bipolar (for a discussion, see Russell
& Carroll, 1999) and largely independent from one another, meaning that
arousal is not merely the intensity of pleasure or displeasure (Kuppens et al., in
preparation). In this section, we describe how the circumplex can be used as a
research tool for studying the content of core affective states.
Negative affect
high activation

(e.g., upset, distressed)

Positive affect
high activation

(e.g., elated, thrilled)

Valence
Negative affect

medium activation
(e.g., miserable, displeased)

Positive affect
medium activation

(e.g., gratified, pleased)

Negative affect
low activation

(e.g., lethargic, depressed)

Positive affect
low activation

(e.g., serene, calm)

Activation

Figure 4.3 The affective circumplex. Hedonic valence is represented on the horizontal
axis and arousal on the vertical axis.
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4.1. Deconstructing the affective circumplex

In the most general terms, a circumplex structure is a multipurpose, mathe-
matical tool for representing mental structure through the geometry of the
circle (Guttman, 1957). Themental structure can be for any group of objects,
items, or stimuli and is assessed by measuring people’s responses to them. For
example, researchers typically measure judgments of affect-related words,
perceptual judgments of faces depicting emotion, or self-reports of a person’s
own momentary feeling state. To create a circumplex, the relations between
the judged or rated stimuli are rendered in multidimensional space.

In simple terms, a circumplex, such as the circumplex model of affect, is
a circle and a set of axes. The circle depicts the similarity or relatedness
between the objects (based on people’s psychological responses to them).
The axes represent the psychological properties that quantify what is similar
and different about people’s reactions to those objects.
4.1.1. The circle
Most objects in the world are similar to one another (or different from one
another) in more than one way. For example, in the interpersonal domain,
people differ from one another based on their nurturance (how warm and
giving they are) and dominance (the extent to which they prefer to be
controlling the outcome of others vs. being controlled by them (Wiggins &
Broughton, 1991). Using the terms of psychological measurement, we
would say the interpersonal descriptions are heterogeneous—two people
cannot be compared to one another using only one property (nurturance)
because they simultaneous vary on the other (dominance) as well. If we only
compare along only one dimension, we will be making a specification error
(leaving some meaningful variance unaccounted for).

When projected into geometric space (using some kind of factor analysis
or multidimensional scaling), heterogeneous objects take on a circular shape
(Guttman, 1957). In fact, circularity is a kind of statistical test for the descrip-
tive nature of the objects in question. The term ‘‘circumplex’’ literally means
‘‘circular order of complexity’’ to indicate that the psychological objects or
events in question are simultaneously similar or different fromone another on
at least twomore basic psychological properties and therefore cannot be easily
ordered relative to one another in a simple linear fashion. When objects are
homogeneous, and best described by one and only one property, then a
circular structure would not appear (instead, when projected into geometric
space, would see something more like Thurstone’s simple structure).

When projected into geometric space, measurements of affect almost
always take on a circular shape (for a review, see Russell & Barrett, 1999).7
7
For ease of explication, we will refer to words, pictures, or faces as ‘‘affective objects’’ to denote their ability
to change a perceiver’s affective state; or to denote their reflection of that change, as in self-reports of emotion
experience.
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The fact that they arrange in a circular fashion with such regularity reveals
that affective objects (be they judgments of words, pictures of faces, or self-
report ratings of experience) are similar or different from one another in
more than one way (and therefore must be described by more than one
fundamental property). For example, both structures in Fig. 4.4 depict
circumplex structures of affect in geometric space. The similarity between
affective objects is represented solely by their position in the circle. This
similarity might be the result of two properties, or three, or even four—the
point is there is more than one.

The affective circumplex has an additional feature, over and above a
generic circular structure. The qualitative (or ordinal) similarity for two
affective objects is reflected in their proximity to one another around the
perimeter of the circle. Affective objects that are closer together are more
similar, whereas elements separated by an arc distance of 180� are maximally
dissimilar (but for an alternative view, see Plutchik, 1980). For example, as
the minimal arc distance between elements increases (e.g., ‘‘happy’’ and
‘‘enthusiastic’’), the degree of similarity decreases (i.e., the correlation
becomes smaller), suggesting that the elements are experienced as qualita-
tively different. Affective objects are separated by an arc distance of 90�
(e.g., ‘‘happy’’ and ‘‘surprised’’) are completely independent. As the arc
distance increases to 180� (e.g., ‘‘happy’’ and ‘‘sad’’), the objects represent
bipolar opposites. Past 180�, the objects become increasingly similar again
until the original starting point is reached. Over and above these constraints
though, objects within space need not be equally spaced around the circle
for it to be considered a circumplex (Browne, 1992; Fabrigar et al., 1997;
see also Segura & González-Romá, 2003).
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4.1.2. The axes
As conceived by Guttman (1957), the circumplex was defined solely in
terms of ordinal relationships and so, alone, does not allow a quantitative
analysis of the features or properties that psychological responses share—it
merely depicts their nonparametric relatedness in geometric space. As is true
for some (but not all) circumplexes, it is necessary to embed the affective
circle within a two dimensional Euclidean space to discover the multiple
properties that best describe how its elements are similar (or different) from
one another (see Shepard, 1978). The dimensions represent the salient
psychological attributes or features that describe the psychological responses
(Davison, 1983). In the affective domain, the specific nature of those
attributes has been an issue of great debate for the last half a century.
4.2. Anchoring the affective circumplex

Although valence and arousal are the original set of dimensions that
anchored the affective circumplex, other sets of dimensions have been
proposed (see Fig. 4.5), including positive and negative activation (e.g.,
Watson & Tellegen, 1985; Watson et al., 1999), positive and negative affect
(Cacioppo et al., 1999), approach and withdrawal (e.g., Davidson, 1992), and
tense and energetic activation (Thayer, 1989). In fact, all dimensions can be
incorporated within the same circular structure (Carroll et al., 1999; Yik
et al., 1999; Fig. 4.6). Still, there have been long debates about which
dimensions are the most scientifically useful, with arguments on all sides
(for reviews, see Cacioppo et al., 1999; Green et al., 1999; Russell &
Barrett, 1999; Watson et al., 1999). A brief discussion of these arguments
highlights some important points about the nature of affect.
4.2.1. The great bipolarity debate
One issue that has drawn a good deal of attention is whether a bipolar
valence dimension can properly describe affective states. Most typically, this
question is asked in terms of whether pleasure and displeasure are truly
bipolar opposites. Many studies (relying almost exclusively on zero-order
correlation coefficients) have demonstrated that people report feeling both
pleasant and unpleasant affective feelings ‘‘at the same time,’’ so that the
correlation between the two is nowhere near –1 (which is assumed for
bipolar opposites).

When measurement errors are properly controlled, subjective ratings of
pleasure and displeasure are strongly negatively correlated (Barrett & Russell,
1998; Green et al., 1993). But to emphasize these negative correlations is to
miss the more central point that correlations are statistically inadequate for
evaluating bipolarity.Mathematical proofs clearly show that a correlation of –1
is not the gold standard for demonstrating bipolarity (Russell & Carroll, 1999;
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see also Segura & González-Romá, 2003). This is because the predicted
correlation between true bipolar opposites with error-free data, when each
is measured on an unambiguous unipolar format Likert-type scale (e.g.,
‘‘neutral’’ = 0, ‘‘happy’’ = 6), equals the unintuitive number –.467. This
value is based upon assumptions about L-shaped bivariate response distribu-
tions (Russell & Carroll, 1999). Item response theory analyses places the
correlation for bipolar opposites closer to –.392 (Segura & González-Romá,
2003).Whether the actual value is –.467 or –.392, the point is that zero-order
correlations cannot be unambiguously interpreted as supporting either bipo-
larity or bivalence (independence between pleasure and displeasure). When
correlations are more negative than –.467, it is usually the result of systematic
measurement error (for a full discussion, see Russell & Carroll, 1999). Conse-
quently, correlational techniques (and statistical methods based on those
techniques, such as factor analysis) should never be used to provide evidence
for which set of dimensions best anchors the circumplex (cf. Russell &Carroll,
1999; Schimmack, 2001; Schimmack et al., 2002), although scientists
routinely ignore this advice and continue to use them for this purpose.



Figure 4.7 The ‘‘Necker’’ cube illusion.
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Furthermore, it is not clear what ‘‘at the same time’’ actually means
when a person reports feeling happy and sad at the same time. In the
timeframe required to render a self-report rating or even a button-press,
several different brain states could have occurred. This means that a single
button press even when rendered very quickly in behavioral terms, is always
a summary of a series of brain states. An equally plausible possibility, then, is
that people do not experience two distinct feelings literally at the same time,
but instead can alternate back and forth quickly between them, in much
the same way that people do when looking the Necker cube illusion
(see Fig. 4.7). In this illusion, it is possible to see two different percepts,
but it is impossible to see them both at the same time. Instead, they alternate
in quick succession. When asked how many configurations you see when
you look at Fig. 4.7, you might say two (providing a summary of what you
just saw), but you do not actually ‘‘see’’ them simultaneously. The same
situation could be happening with affective states.8

Some scientists have criticized the valence/arousal model of affect onmore
causal grounds. Like Titchener, many scientists continue to believe that the
descriptive structure of affect should be isomorphic with its causal structure, so
that the best affective dimensions are those that aremost causally plausible (i.e.,
the dimensions should reflect the processes that cause affective states). Accord-
ingly, it has been claimed that certain dimensions (e.g., positive and negative
affect) are more biologically basic, and therefore should be the preferred
anchors of affective space (Ashby et al., 1999; Cacioppo et al., 1997, 1999;
8
Alternatively (and much more speculatively), it might even be possible for a person to be in both a positive
and a negative state at the same time (in a probabilistic sense). Spivey (2007) argues that the human brain is
rarely in a discrete state, and can be described by a fuzzy logic that allows many different states at once (each
with some probability of reaching consciousness or causing action). When a certain threshold is crossed (or
the probability of a given state is sufficiently high), the brain is said to be ‘‘in’’ that state, resulting in an
experience (e.g., ‘‘having an positive affective experience’’ or ‘‘having a negative affective experience’’) or a
behavior (e.g., approaching or avoiding an object). Because the brain can configure itself into several different
states in the time it takes to generate one motor response (to indicate a response choice, for e.g.), it is possible
that positive and negative affective states, which bear no subjective resemblance to one another, are realized
in neuronal assemblies that involve many of the same brain areas. Something (like attention) must bias
processing to allow a motor output and/or consciousness of one or the other.
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Reich et al., 2003). So far, however, the sorts of arguments that have been
offered in this regard are problematic, for two reasons.

First, description and explanation usually occur at two different levels of
analysis. In the end, a description of psychological content will rarely ever
shed light on the processes that caused it, in much the same way that the
experience of the sun rising and setting is not evidence that the sun actually
revolves around the earth (cf. Barrett, in press).

Second, many of the specific biological arguments that have been offered
to support other sets of dimensions do not hold up under closer scrutiny.
Most notable is the claim that positive and negative affective states are
realized in anatomically different parts of the brain. Sometimes it is claimed
that the amygdala is the locus of negative affect, whereas the ventral striatum
is the locus of positive affect. As discussed already, neither claim is true. The
amygdala is engaged in humans when viewing faces depicting positive
expressions (Canli et al., 2002; Mather et al., 2004; Yang et al., 2002) as
well as pleasant images (Garavan et al., 2001; Mather et al., 2004); animals
with amygdala lesions show impaired stimulus-reward learning (Baxter &
Murray, 2001; Baxter et al., 1999, 2000) and are less likely to self-administer
rewarding drugs (Robledo & Koob, 1993). And work from Kent Berridge’s
lab (e.g., Reynolds & Berridge, 2001, 2002) has clearly shown that neurons
in the ventral striatum also code for negativity.

Nor do positive and negative affect consistently show hemispheric
specificity. The left dorsolateral prefrontal cortex may somehow support
pleasant moods, reactions to pleasant stimuli (e.g., pleasant film clips), and
approach behaviors, whereas the right supports unpleasant moods, reac-
tions to unpleasant stimuli (e.g., unpleasant film clips), and withdrawal
behaviors (for reviews see Davidson, 1992, 1993, 2004), but this laterality
does not extend to other parts of the prefrontal cortex. For example, our
own recent meta-analysis of neuroimaging studies of affect and emotion
found exactly the opposite lateralization for pleasant and unpleasant affec-
tive experiences (particularly in the orbital sector of prefrontal cortex)
with positive affective experiences corresponding relatively greater activa-
tion on the right and negative experience to relatively greater activation
on the left (Wager et al., 2008; see Fig. 4.8). A meta-analysis by
Kringebach and Rolls (2004) localized positive affect medially and nega-
tive affect laterally within the OFC of both hemispheres (with no differ-
ences in lateralization).

It is sometimes claimed that positive and negative affective states rely on
different neurotransmitter systems (dopamine and serotonin, respectively),
but this, too, is debatable. Dopamine is not a reward transmitter (for
reviews, see Salamone et al., 2005). Increases in dopamine are observed in
rats occur during aversive events, such as tail pinches (Bertolucci-D’Angio
et al., 1990), foot shocks (Sorg & Kalivas, 1991; Young et al., 1993), and
cold ice baths (Keller et al., 1983). Similarly, serotonin is not a distress
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neurotransmitter and has been linked to changes in positive affect as well
(Barge-Schaapveld et al., 1995; Dichter et al., 2005; Zald & Depue, 2001).
Both dopamine and serotonin are what has been called ‘‘neuromodulators’’ in
the sense that they originate in the brainstem’s ascending arousal system and
tune the firing rates of many different neuronal groups throughout the cortex.
Dopamine from both the substantia nigra and ventral tegmental area mark the
salience of an event and are important to regulating access to voluntary motor
outputs during motivated, effortful behavior; serotonin from the rostral raphe
nucleus reduces distractibility and gates the processing of motivationally
relevant sensory cues (Mesulam, 2000; Parvizi & Damasio, 2001).

Based on our read of the evidence, valence and arousal are best thought
of as the descriptive features of core affect that bear no resemblance to or
inform about how affect is caused. Simply put, content does not necessarily
tell us anything about process. This means that the structure of felt
experience will not correspond to the brain processes that produced those
experiences in a one-to-one fashion. It also means that brain structure will
not necessarily inform us about which psychological dimensions are best
suited to anchor the affective circumplex. Nonetheless, as we demonstrate
later in this paper, descriptions can be scientifically useful.

4.2.2. Replicability across affective domains
Wundt’s original properties of hedonic valence and arousal are most
replicable across different domains of psychological response (Barrett &
Russell, 1999; Russell & Barrett, 1999), and therefore seem to be the best
dimensions to anchor the affective circumplex as a descriptive tool. In this
section, we briefly review the evidence that judgments of emotion-related
language, judgments of facial behaviors, and subjective ratings of emotional
episodes, such as anger, sadness, and fear, as well as nonemotional affective
states (like fatigue, sleepiness, and placidity) can all be minimally character-
ized as a combination of hedonic valence and arousal. Other dimensions,
such as positive and negative activation, have been identified only for the
self-reports of experience, and not for judgments of words or faces.

4.2.3. Judgments of faces
Judgments of emotion in other people’s faces configure as a circumplex that
is described by valence and arousal properties. Woodworth (1938) described
classification judgments of ‘‘facial expressions of emotion’’ (i.e., emotion
caricatures) as well as ‘‘judgment errors’’ (i.e., failures to give the consensual
response) using valence and arousal dimensions. Schlosberg (1952) found
something similar as well, describing a circular mapping of affect defined first
by two dimensions (pleasantness–unpleasantness, attention–rejection), fol-
lowing which he added an intensity dimension (sleep-tension) to produce a
cone-like structure (Schlosberg, 1954). Circumplex structures have been
identified in perceptions of facial depictions of emotion (e.g., Abelson &
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Sermat, 1962; Cliff & Young, 1968; Dittman, 1972; Fillenbaum &
Rapoport, 1971; Green & Cliff, 1975; Russell et al., 1989; Schlosberg,
1952, 1954; Shepard, 1962a,b), both in adults and in children (Russell &
Bullock, 1985; Russell & Ridgeway, 1983). Very young children only seem
to make distinctions between facial depictions of pleasant and unpleasant,
however (Widen & Russell, 2003).9 Furthermore, event-related potential
(ERP) studies general confirm that hedonic valence (and perhaps arousal) is
coded early during face perception (as early as 80 ms, but typically between
120 and 180 ms after stimulus onset depending on whether the face is
presented fovially or parafoveally; for reviews, see Eimer & Holmes, 2007;
Palermo & Rhodes, 2007; Vuilleumier & Pourtois, 2007). Recent neuro-
imaging evidence also supports the idea that valence is a basic aspect of face
perception (e.g., Engell et al., 2007; Todorov, 2008).10
4.2.4. Judgments of words
Multidimensional scaling analyses of similarity judgments (estimates of
relatedness) of emotion-related words routinely yield valence and arousal
dimensions. Here, valence and arousal represent the basic, semantic proper-
ties contained in cognitive maps of emotion language (Barrett & Fossum,
2001; see Fig. 4.9). Circumplex structures anchored by valence and arousal
dimensions have been reliably derived from similarity ratings for different
sets of affect terms (Barrett, 2004; Block, 1957; Bush, 1973; Feldman,
1995a; Russell, 1980; also, see Fig. 4.10) indexing emotion language in
many different cultures (Russell, 1991). These findings are consistent with
the semantic differential work by Osgood et al. (1957) who demonstrated
that there are three major components of meaning in natural language
(evaluation, activity, and potency).
9
Contrary to popular belief, studies do not conclusively demonstrate that infants distinguish between discrete
emotion categories. Infants categorize as distinct faces with different perceptual features (e.g., closed versus
toothy smiles) even when they belong to the same emotion category (Bornstein & Arterberry, 2003) and no
studies can rule out the alternative explanation that infants are categorizing faces based on the valence,
intensity, or novelty (especially in the case of fear) of the facial configurations. For example, infants look
longer at fear (or anger or sad) caricatures following habituation to happy caricatures, but this may reflect their
ability to distinguish between faces of different valence (e.g., Flom & Bahrick, 2007). Similarly, infants look
longer at a sad face following habituation to angry faces (or vice versa), but infants may be categorizing the
faces in terms of arousal (e.g., de Rosnay et al., 2004, Experiment 3). Many studies find that infants tend to
show biased attention for fear caricatures (e.g., Flom, & Bahrick, 2007), but this is likely driven by the fact
that infants rarely see people making these facial configurations.

10
Although affect is a basic aspect of face perception, it is most likely a learned aspect. For example, in a recent
case study, an individual recovering from blindness (following a corneal transplant) could not tell the
difference between happiness and sadness in faces that were unfamiliar to him. This problem persisted for
several years after he was able to receive visual stimulation in early visual brain areas.
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Figure 4.9 Cognitive maps of affective space. The circumplex structure of affect derived from direct semantic ratings, similarity judgments,
and conditional probability judgments of emotion words. Based on data from Barrett and Fossum (2001).
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4.2.5. Self-report ratings of experience
Ratings of subjective ratings of emotion experience also configure into a
circumplex described by valence and arousal. Self-reports of emotion expe-
rience taken from a group of individuals at one point in time configure into
a circumplex shape anchored by valence and arousal dimensions (Feldman,
1995b; Russell, 1980; Yik et al., 1999; for a review, see Barrett & Russell,
1998; Russell & Barrett, 1999) (see Fig. 4.11). So do idiographic reports that
are taken over time and modeled separately for each person (Barrett, 1998,
2004; Feldman, 1995a; Fig. 4.12; see next section for a more detailed
description). People are also able to give an explicit account of core affective
feelings using a variety of self-rating scales (Barrett & Russell, 1998;
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Bradley & Lang, 1994; Carroll et al., 1999; Frijda et al., 1989; Kitayama
et al., 2000; Lang et al., 1993; Roseman et al., 1996; Russell et al., 1989;
Scherer, 1997; Smith & Ellsworth, 1985, 1987; Yik et al., 1999).

All humans, it seems, can tell the difference between a pleasant affective
state and an unpleasant affective state. Many, but not all, people also
characterize their affective states as high or low in activation. In these
studies, valence and arousal dimensions did not reflect the artificial influence
of language (for evidence, see Barrett, 2004, 2006b) nor social desirability
(Barrett, 1996). Instead, valence and arousal represented the content of
experience. In the next section, we discuss how the affective circumplex
can be used to model individual differences in the phenomenological
experience of valence and arousal.
5. Individual Differences in Core Affect

For about a decade, our lab used a range of experience-sampling
procedures to observe how people reported their emotion experiences
(using simple English words for emotion) in the course of everyday life
over several weeks. Primarily with the use the palm-top computers, we
observed hundreds of people reporting their experiences over many occa-
sions. We then treated those reports as verbal behaviors and constructed an
affective circumplex structure for each person. We observed significant
variation in affective structure across people, and with the use of some
novel multivariate techniques (outlined first in Feldman, 1995a), revealed
individual differences in core affective experience that was linked to broader
differences in the granularity of emotional life.

Within the affective structure for a given person, a local region of homogeneity
formed when reports of two experiences are relatively close over time (e.g.,
‘‘happy’’ and ‘‘satisfied’’). Very high correlations reflected the fact that
experiences were descriptively similar and are phenomenologically indistin-
guishable. People whose verbal behaviors produced a prototypical circum-
plex with a uniform, circular structure show many small regions of
homogeneity across the circle. This means that they had many precise
domains of experience that were descriptively distinct from one another
(like that depicted in Fig. 4.4A; for an example of actual data, see
Fig. 4.12A). These individuals were said to be high in emotional granularity
because they used different adjectives to represent distinct kinds of experience
(e.g., anger and sadness are phenomenologically distinct).

People who produced a structure that is flatter and more elliptical in
shape show a small number of broad regions of homogeneity and corre-
spondingly fewer domains of distinct experience (e.g., see Figs. 4.4B and
4.12B). These individuals were lower in emotional granularity, because
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even though they were using the same set of adjectives to report their
experience (as were those higher in emotional granularity), they used
these terms to represent only a few general feeling states. For example,
they might use words like ‘‘angry,’’ ‘‘sad,’’ and ‘‘afraid’’ to mean ‘‘unpleas-
ant,’’ and words like ‘‘excited,’’ ‘‘happy,’’ and ‘‘calm’’ to mean pleasant. Less
frequently, we observed people who use arousal words interchangeably,
so that ‘‘excited’’ and ‘‘nervous’’ are experienced as phenomenologically
similar, as are ‘‘tired’’ and ‘‘calm.’’

Individual variation in emotional granularity (represented by the shape
of the circle) could be quantified in terms of the emphasis that an individual
placed on the hedonic and arousal properties of core affect when reporting
his or her experience. Estimating the emphasis (or focus) on valence was
accomplished by computing the proportion of variance in the verbal reports
of emotion experience due to the valence-based meaning of the words (for
a step by step description of the process, see Barrett, 2004; Feldman, 1995a).
The emphasis (or focus) on arousal was estimated by computing the pro-
portion of variance in the verbal reports due to the arousal-based meaning of
the words. In this procedure, then, the emphasis on core affective properties
was measured directly from behavior (as opposed to asking people to report
how much they focus or emphasize each feature).

The more that valence-based meaning of the words accounts for vari-
ance in the reports of actual experience, the more an individual emphasizes
or focuses on valence during the reporting process. Valence focus (VF)
represents the amount of information about pleasure or displeasure
contained in verbal reports of emotional experience. It does not represent
the tendency to report pleasant states, or unpleasant states, but rather reflects
the extent to which hedonic valence is an important descriptive property of
core affective responding in that individual. Individuals high in VF empha-
size pleasure and displeasure in the content of their verbal reports more than
do those lower in VF, often at the expense of other properties of affect, like
arousal (Barrett, 2004).

Similarly, arousal focus (AF) represents the amount of information about
felt activation or deactivation contained in those verbal reports. It does not
represent the tendency to report high arousal states, or low arousal states,
but rather it reflects the extent to which arousal is an important descriptive
property of core affective responding in that individual.

Individuals high in emotional granularity, with perfectly circular affec-
tive structures, experienced core affective states that were equally hedonic
and arousal-based (VF = AF). In Fig. 4.13, VF is plotted against AF for
almost 700 participants who have participated in our experience-samplings
studies. Respondents who fell around the diagonal displayed circular affec-
tive structures. Individuals lower in emotional granularity, with elliptical
structures experience core affective states that were relatively more hedonic
(VF > AF) fell below the diagonal. These individuals had difficulty
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distinguishing between negative states that differed in arousal (such as anger
and sadness); the same was true for positive states. Those whose affective
states were relatively more arousal-based (AF> VF) fell above the diagonal,
and had difficulty distinguishing between high arousal states that differed in
hedonic valence (such as nervousness and excitement); the same was true for
low arousal states.

Individual differences in both VF and AF relate to other psychological
phenomena in a way that establishes their construct validity. For example,
people who are more valence focused are also more perceptual sensitive to
hedonic information in the face of another person (Barrett & Niedenthal,
2004). Using a Morph Movies task, participants were presented with a series
of movies in which actors began with neutral facial expressions and gradually,
over the course of one hundred frames, began to express happiness, sadness,
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or anger. Participants advanced eachmovie using a cursor at the bottom of the
screen and were instructed to stop the cursor at the point at which they first
detected any feeling on the actor’s face. Heightened levels of VF predicted
earlier detection of the appearance of affective expressions, suggesting that
people high in VF have enhanced perceptual sensitivity to valenced informa-
tion in the environment. People high in VF also described themselves as being
more sensitive to hedonic cues, as indexed by reports on a variety of traditional
personality measures (e.g., neuroticism and extraversion) (Barrett, 2006c).

Increased sensitivity to hedonically evocative cues has real-world impor-
tance for the lives of people high in VF. People high in VF experience a life
as a rollercoaster ride filled with drama. They experience a world that is
saturated with hedonic value because their threshold for detecting and
responding to such cues is comparatively lower than people who are low
in VF. We verified this hypothesis in another series of experience sampling
studies where we examined the extent to which VF was linked to self-
esteem lability. In two event-related experience-sampling studies, partici-
pants reported on their social interactions over either a week or two-week
period. During each sampling moment, participants reported on their
emotional experiences (using the methodology from previous studies and
therefore allowing for the computation of VF), their self-esteem at the
moment of sampling, and the valenced information in the social interaction
(e.g., the amount of positive or negative emotion expressed by the interac-
tion partner(s)). Lability in self-esteem was measured behaviorally in hierar-
chical linear modeling analyses, as the magnitude of the self-esteem change
when faced with positive and negative cues during social interactions.
As predicted, individuals who were more valence focused also demonstrated
more self-esteem lability—their self-regard was like a ping-pong ball,
bouncing around from interaction to interaction (Pietromonaco &
Barrett, manuscript under review). People high in VF are not simply
perceiving more hedonic information in their environments—they are
using that information to shape and change their sense of self.

AF, on the other hand, is related to an enhanced sensitivity to one’s own
physical state (Barrett et al., 2004). Participants completed a modified
Whitehead heartbeat detection task (Whitehead & Drescher, 1980) during
which they were asked to judge whether a series of tones were either in sync
or not in sync with their heartbeats. These data were then subjected to a
signal detection analysis yielding an index of interoceptive sensitivity.
In two studies, people who were higher in AF showed enhanced sensitivity
to their own heartbeats. These finding indicated that people who have more
awareness of the internal sensory cues coming from their body also experi-
ence more variation in the arousal-based property of core affect. They
clearly showed that people can, at times, detect specific information in
their bodies, and this sensitivity is, in some way, related to the experience
of emotion.
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Furthermore, the AF-interoception link helps to clarify the relation
between interoceptive sensitivity and emotional experience. Most studies
have examined the link between heartbeat detection and explicit ratings of
the intensity of emotion experience, with inconsistent results (Critchley
et al., 2004; Ferguson & Katkin, 1996; Hantas et al., 1982; Wiens et al.,
2000). In most studies, respondents rated their experience on a Likert-type
scale using a set of adjectives, and those ratings were summed to derive an
index of experienced emotion. It is possible; however, that interoceptive
sensitivity is better conceptualized as relating to the perception of arousal as
a property of experience, rather than to the intensity of experience per se.
The feelings of activation and deactivation arising from interoceptive cues
may be too impoverished to reliably influence direct, consciously available
explicit ratings of emotion. Instead, these background interoceptive cues
may manifest in a focus on activation-based aspects of emotional states in a
more indirect or nonexplicit way. Presumably, individuals who are more
interoceptively sensitive would be more likely to perceive feelings of
arousal, and would communicate those feelings in self-report process over
time, even if such differences are not apparent in the intensity of explicit
reports.

Moreover, the relation between AF and interoceptive sensitivity not
only provided validity for the link between interoceptive sensitivity and
experienced emotion, but they also provided much needed incremental
validity for self-reports of emotional experience more generally. By demon-
strating that AF was related to interoceptive sensitivity, we were able
to demonstrate that information implicitly contained in self-report ratings
(i.e., the extent to which people focus on a property of their experience
when reporting it) was associated with a behavioral variable (heartbeat
sensitivity). This is a different sort of validity than showing that the levels
of self-reported emotional experience (e.g., participants’ ratings of anger,
pleasure, etc.) correlate with behavioral or psychophysiological measure-
ments. In addition, many of the studies that provide validity evidence for
self-reports of emotional experience examine concurrent relationships
between self-reports and validity variables. In contrast, we demonstrated
that AF was linked to interoceptive sensitivity when the measurements of
each were separated by several weeks time.
6. Future Directions

Taken together, both psychological and neuroscience evidence sup-
ports the conclusion that core affect is a basic psychological ingredient in
emotion. Studies examining the circumplex structure of affect demonstrate
that core affect is a multiproperty phenomenon, and the structure is robust
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enough to accommodate many different ways of describing affect. Further-
more, the structure is able to represent meaningful individual differences in
affective focus and link them to patterns of variation in emotional
experience.

More recently, our lab has focused its attention on the hypothesis that
core affect is a basic psychological ingredient of mental life more generally.
The neuroanatomical studies mapping affective circuitry strongly suggest
that core affect plays a formative role in other psychological phenomena that
fall outside the traditional boundaries of emotion. In the past several years,
we have been investigating role of core affect in two such processes:
learning and vision.
6.1. Core affect supports learning

To survive, a person must know to avoid threat and danger and approach
reward and nourishment. A person must be able to navigate through the
world using affective reactions as a guide. Such navigational skills are critical
not only in the physical world (e.g., knowing to avoid a poisonous snake in
the desert), but also for survival in the social world (e.g., knowing to avoid a
person who has not proven trustworthy in the past). Very few objects and
situations (and even fewer people) have the innate or intrinsic power to
perturb another person’s core affect. Instead, humans (like all living crea-
tures) must learn what to approach and what to avoid, what to desire and
what to ignore. Core affect supports this kind of learning, which we call
affective learning.

Affective learning occurs when a stimulus that does not have the capacity
to perturb core affect (what colloquially would be called a ‘‘neutral’’ stimulus)
acquires that capacity on future occasions. Stimuli acquire affective value by
being paired with other stimuli that change in a person’s core affective state.
When the two stimuli are paired across a number of experiences, the neutral
stimulus begins to itself elicit changes in core affect. In this way, a neutral
stimulus is said to have acquired affective value. Examples of associative
affective learning include Pavlovian or classical conditioning (i.e., where
neutral stimuli are paired with stimuli that cause robust sympathetic nervous
system (SNS) reactions; for reviews, see, Delgado et al., 2006; Domjan, 2005;
Pearce & Bouton, 2001) and evaluative conditioning (i.e., where neutral
stimuli are paired with stimuli that are explicitly evaluated to be liked (or
good) or disliked (or bad); for reviews, see De Houwer et al., 2001; Field,
2005). SNS activity is broadly implicated in affective responding (Cacioppo
et al., 2000) and changes in people’s SNS responses to a stimulus are taken as
an indication that it has the capacity to perturb core affect.

In associative learning studies, affective learning is usually demonstrated
by pairing human faces (e.g., Hermans et al., 2002) and pictures of
geometric shapes (e.g., LaBar et al., 2004; Lipp et al., 2003) with stimuli
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that have the capacity to perturb core affect, like high pitched and loud
noises (e.g., Büchel et al., 1999; LaBar & Phelps, 2005) and electric shocks
(e.g., Grillon, 2002; LaBar et al., 1998). So, for example, a neutral blue
square acquires affective value by being paired repeatedly with an aversive
(i.e., negative and arousing) electric shock. As it increasing comes to predict
the presence of the shock, the blue square elicits the same affective response
(typically indexed by SNS activation measured as electrodermal activity
(EDA) on the surface of their fingertips). The larger the affective change,
(presumably) the easier (and perhaps more robust) the affective learning.

An on-going line of work in our laboratory is investigating how indi-
vidual differences in affective reactivity support individual variation in
affective learning. In an associative learning experiment (Bliss-Moreau
et al., manuscript under review), participants were presented with two
neutral faces. One picture (the CS+) was consistently paired with a shock
(the US) during an acquisition phase of learning, and the other picture was
never paired with a shock (the CS–). When participants were shocked (i.e.,
presented with the US), they generated large sympatric nervous system
responses measured as the magnitude of their EDA response. Over time
and many pairings, participants began to respond with heightened EDA to
the CS + face (paired with the shock) than to the CS – face (never paired
with shock), and this response to the CS + face occurred even when the US
was not presented (see Fig. 4.14A). With this pattern of findings, we
demonstrated, like many other studies before us, that a neutral face acquired
affective value and was able to change a person’s affective state based on
prior instances where it was paired with a stimulus that easily did so. Most
importantly, we found that individual differences in affective reactivity
predicted the magnitude of learning in this experiment. Individuals who
demonstrated a perceptual sensitivity to affective value (assessed using the
Morph Movies task that was related to VF in a prior experiment; Barrett &
Niedenthal, 2004) also demonstrated enhanced affective learning. Specifi-
cally, as perceptual sensitivity increased, so too did the magnitude of the
EDA response to the CS+. This learning effect was further enhanced for
individuals who described themselves as high on neuroticism (itself an index
of sensitivity to negative value) (see Fig. 4.14B). These findings provide
some of the first results to show that individual differences in core affective
reactivity are related to variation in negative affective learning.

Individual differences in core affective responding also predicted better
rule-based affective learning (Bliss-Moreau et al., 2008). Rule-based affec-
tive learning occurs when the value of an object is communicated explicitly
through symbolic means (e.g., telling someone that another person is
threatening) rather than the object being paired in time or space with
something of known affective value (as is the case for associative affective
learning; for a discussion of rule-based vs. associative processing, see
Sloman, 1996; Smith & DeCoster, 2000). We developed a rule-based
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affective learning paradigm using a modified spontaneous trait inference
paradigm (e.g., Todorov & Uleman, 2002, 2003). Participants were asked
to learn about the behavior of a series of target people. Participants were
shown a series of 60 face target pictures, each of which was paired with a
sentence describing a behavior during the learning phase of an experiment.
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The behaviors were either positive (e.g., ‘‘celebrated a friend’s birthday’’),
negative (e.g., ‘‘hit a small child’’), or neutral (i.e., ‘‘asked the cab driver for
directions’’) in affective tone. Participants were instructed to imagine the
targets performing the behaviors described by the sentences. In a following
test phase, participants made explicit judgments of the faces (presented
without the sentences) as positive, negative, or neutral. More often than
chance, participants categorized the faces according to the affective value of
the sentence with which it had been paired during the prior learning phase.
In addition, affectively positive learning was enhanced for people who
described themselves as particularly reactive to positive affective value
(as measured by extraversion). As self-reported levels of extraversion
increased, so too did people’s propensity to categorize faces which had
been paired with positive sentences as being positive (see Fig. 4.15).

Taken together, these findings suggest that both associative and rule-
based affective learning are enhanced for people whose core affective states
are often and easily perturbed. These findings have real-world implications
for understanding how people come to have such different mental lives.
As we noted earlier, people who are those high in VF surf a tumultuous sea
of agony and ecstasy, and are easily moved or perturbed by changes in their
surroundings. They often react to things that others find devoid of
emotional meaning. Others (who are lower in VF) float in a sea of relative
tranquility. They live their lives relatively undisturbed and they are
generally less affected by the vicissitudes of life. They often do not react
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to things that others find compelling or evocative, thereby missing events of
potential import or significance. What begin as simple temperamental
differences in affective reactivity may develop into these very different
emotional lives (manifesting in different degrees of VF) because differences
in reactivity support differential degrees of affective learning. In what might
be considered a classic positive feedback loop, affective learning may pro-
ceed more robustly for a person who is more reactive to begin with.
The person’s world will become more populated with affectively evocative
stimuli (because great numbers of previously neutral stimuli will presumably
acquire value), so that the processing of those affective stimuli will serve to
maintain shifts in core affect, which in turn promote enhanced affective
learning. And so on. Thus, a person who experiences great reactivity in his
or her core affect state sets the stage for that reactivity to be maintained
through new affective learning throughout the lifespan
6.2. Core affect as a fundamental feature of
conscious experience

Neuroanatomical evidence strongly suggests that core affect provides a
source of attention in the human brain (where attention is defined as
anything that increases or decreases the firing of a neuron). This implies
that core affect has an important role to play in normal perceptual function-
ing, including consciousness. When sensory information from the world
sufficiently influences a person’s internal bodily state, the processing of that
information is prioritized so that the resulting object is more easily seen
(reviewed in Barrett & Bar, in press; Vuilleumier & Driver, 2007) and
remembered (reviewed in Kensinger & Schacter, 2008). Put another way,
‘‘feeling’’ and ‘‘seeing’’ (or ‘‘hearing’’ or ‘‘smelling’’ and so on) may not be
all that independent of one another.

Core affect has the capacity to influence sensory processing throughout
the brain via a number of direct and indirect routes. Parts of the neural
reference space for core affect (such as the amygdala and lateral OFC)
project directly to all sensory cortices and so can directly influence sensory
processing. For example, the basal nucleus of the amygdala projects directly
to all portions of the visual ventral stream, serving to modulate neural
activity from the association cortex all the way back to the primary visual
cortex (or V1) (for a review, see Duncan & Barrett, 2007). The sensory
integration network in the central and lateral OFC projects to the visual
association areas in the inferior temporal lobe (part of the ‘‘what’’ or ventral
visual stream for object recognition) and the visceromotor network in the
medial OFC projects to the visual association areas in the inferior parietal
lobe (part of the ‘‘where’’ or dorsal visual stream for spatial localization and
action preparation) (for a review, see Barrett & Bar, in press). The circuitry
that realizes core affect also project indirectly to sensory neurons via three
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different routes. The amygdala, the visceromotor network of the OFC
(including what is sometimes called the medial OFC or vmPFC), and the
ventral striatum project to the ascending arousal systems the brainstem and
basal forebrain (for a review, see Edelman & Tononi, 2000; Mesulam, 2000;
Semba, 2000) that have diffuse, unidirectional afferent projections through-
out the cortical mantle, acting as a ‘‘leaky garden hose’’ (Edelman, 2004,
p. 25) to control the level of neuronal firing throughout the brain. (In fact,
affective circuitry offers the only path by which sensory information from the
outside world reaches the brainstem and basal forebrain; Mesulam, 2000).
The amygdala and OFC (as well as the brainstem and forebrain nuclei) also
project to certain thalamic nuclei that regulate the transmission of sensory
information to the cortex and are partly responsible for forming and selecting
the groups of neurons that fire in synchrony (called neuronal assemblies) to
form conscious percepts (the things people are aware of seeing) (Zikopoulos
& Barbas, 2007; for a review, see Duncan & Barrett, 2007). Finally, the lateral
portions of OFC project to lateral prefrontal cortex (which is the source of
what scientists term a ‘‘top-down’’ or ‘‘goal-directed’’ or ‘‘endogenous’’
source of attention). In these ways, areas involved with establishing a core
affective state can indirectly constrain ongoing processing throughout the rest
of the cortex and help to select the information that reaches conscious
awareness by directing the formation and maintenance of the neuronal
assemblies that underlie conscious experience.

Indeed, evidence shows that sensory areas show enhanced neural
activity during perceptual states having a strong core affective component.
Affectively potent, as compared to neutral, stimuli generate robust
responses in the visual cortex (e.g., Lane et al., 1999; Lang et al., 1998;
Moll et al., 2002; Morris et al., 1998; Taylor et al., 2000). Activity in the
visual cortex was also enhanced for stimuli that recently acquired affective
value by being paired with an electric shock as compared to perceptually
similar stimuli that never were paired with shock (e.g., for functional
neuroimagining evidence using fMRI see Damaraju et al., manuscript
under review Pamalaand & Pessoa, 2008; for ERP evidence see
Stolarova et al., 2006).

Our own meta-analytic investigation of fMRI and PET studies of
emotion confirmed that V1 is consistently activated in response to affec-
tively potent as compared with neutral stimuli (Kober et al., 2008; Wager
et al., 2008; see Fig. 4.2). Activity in the visual cortex also appears to be
further enhanced when affective stimuli are particularly arousing. When we
assessed activation in the visual cortex in studies of negative core affect
(using negative pictures, sounds, words, facial expressions, etc.), there was
greater neural activity in studies using stimuli that generated core affective
states that were high in arousal as compared to lower in arousal (e.g.,
perception of fear faces vs. neutral faces; experiences of anxiety vs. neutral
affect) (Bliss-Moreau et al., 2008).
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The pattern of projections from the neural reference space for core affect
to visual cortex suggests the intriguing hypothesis that what people literally
see in the world around them may in part be determined by their core
affective state. In our lab, we are in the process of investigating three specific
hypotheses with respect to core affect and vision.

First, we hypothesize that core affect may play a role in basic object
perception, even when objects are not affectively evocative per se. As we
noted already, the OFC has strong reciprocal projections to both the dorsal
‘‘where’’ and ventral ‘‘what’’ visual streams involved in object perception.
Furthermore, when briefly presented objects are successfully recognized,
there is more neural activity in OFC as compared to when objects go
unrecognized (Bar et al., 2001, 2006). One hypothesis is that OFC provides
top-down modulation of basic visual processing necessary for determining
both what and where objects are (Barrett & Bar, in press). Feeling some-
thing affective about sensory stimulation may make it more likely that you
will see an object in the first place.

Second, we are investigating the hypothesis that an individual’s
momentary core affective state helps to select the contents of conscious-
ness, so that what you feel literally influences what you see. There is
evidence, for example, that the affective content of a visual image can
resolve a phenomenon called ‘‘binocular rivalry.’’ Binocular rivalry occurs
when two incompatible images are presented to both eyes that cannot be
merged into a coherent three dimensional image. Instead of perceiving a
mixture of the two images, people experience one image at a time,
oscillating back and forth into visual awareness every few seconds.
By measuring which percept is seen first, and for how long, it is possible
to assess which percepts are selected for subjective awareness. A handful of
studies have shown that images with affective meaning tend to be repre-
sented in conscious awareness more often than rival images with more
neutral content. Valenced scenes have greater perceptual dominance over
neutral scenes (Alpers & Pauli, 2006), as do facial depictions of emotion
when compared to neutral faces (Alpers & Gerdes, 2007). Stimuli that
have recently acquired affective value by being paired with an aversive
electric shock in an associative learning paradigm also dominate subjective
visual awareness compared to neutral stimuli (Alpers et al., 2005). In our
lab, we are currently exploring how changing the core affective state of
the perceiver more directly influences subjective visual awareness for
objects (such as faces). In our lab, we now have preliminary evidence
that affectively-potent objects are selected over neutral objects more often
when the perceiver is in a salient affective state.

Third, we are investigating whether individual differences in core affect
enhance or diminish blindsight. Blindsight occurs when perceptually blind
people (i.e., people who report not being able to see) are able to detect
visual stimuli without having any conscious or qualitative awareness that
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they can do so (Weiskrantz, 1986). Blindsight can be induced in the lab with
the brief presentation of an object (e.g., 16 or 33 ms) followed by a
backward mask (to prevent the re-entrant feedback processing that is
necessary for subjective awareness). Although objects not consciously seen
under these conditions, people can still respond to them behaviorally in
such a way as to indicate that the objects are being detected at better than
chance levels. We hypothesize that a strong core affective state may enhance
experimentally-induced blindsight, so that intense core affective feelings
may allow people to better detect and act on certain objects or blind them to
others, before the sensory information is shaped into a fully formed percept
that reaches full subjective awareness.

Although our research on the affect and vision is in its infancy, it will
have two important implications if successful. First, this research explores
the possibility that there is normal variability in the extent to which the
world appears affectively infused, so that the environment may literally look
different to different people depending on how they feel. This would
translate into different base rates for affective (and potentially emotional)
events even when the physical surroundings are held constant. It is highly
possible that this variation instantiates individual differences in personality
dimensions that are broadly related to mental and physical illness (e.g.,
neuroticism and introversion). Some people may be affectively wired to
see certain types of information better.

Second, and perhaps more importantly, this research will inform an
ongoing debate over the distinctiveness between affect and cognition,
suggesting that the distinction may not be an ontological distinction that
is respected by the brain (cf. Duncan & Barrett, 2007). The most far-
reaching implication of this work is that ‘‘thinking’’ (e.g., sensing and
categorizing or deliberating on an object) might not be a fundamentally
different sort of psychological activity than ‘‘affecting’’ (i.e., constructing a
state to represent how the object affects you).
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