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Parsing Affective Space: Perspectives From
Neuropsychology and Psychophysiology

Richard J. Davidson

This article reviews selective behavioral, psychophysiological, and neuropsycho-
logical research bearing on how affective space should be parsed. Neither facial
expression nor autonomic nervous system activity is found to provide unique mark-
ers for particular discrete emotions. The dimensions of approach and withdrawal are
introduced as fundamental systems relevant to differentiating affective space. The
role of frontal and anterior temporal asymmetries in mediating approach- and
withdrawal-related emotion is considered. Individual differences in tonic anterior
activation asymmetry are present and are relatively stable over time. Such differences
are associated with an individual’s propensity to display different types of emotion,
mood, and psychopathology. The conceptual and methodological implications of this

perspective are considered.

The purpose of this brief article is to review theory
and data derived mostly from neuropsychological and
psychophysiological analyses that bear on the issue of
how affective space should be parsed. Included within
this inquiry is how emotions are organized and dif-
ferentiated from one another and the nature of the re-
lations among the various subcomponents that com-
pose emotions. Within this context 1 consider such
issues as whether emotion is best understood as cat-
egorical or dimensional, the relation between facial
expressions of emotion and emotional states, and psy-
chophysiological differentiation among emotions.
Space constraints preclude an exhaustive treatment of
these topics. Studies are cited for illustrative purposes
with an emphasis on recent research from my labora-
tory.! My principal goal is to build a case for the im-
portance of the approach versus withdrawal dimension
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for emotional states and traits and to underscore salient
issues for future research in this area.

How Do Emotions Differ From One Another?

Many classification schemes for distinguishing
among emotions have been proposed. Some schemes
emphasize dimensions of emotional experience such
as valence (i.e., positive or negative hedonic tone) and
arousal (the continuum from sleepy to highly ener-
gized; e.g., Heller, 1993; Russell, 1980; Watson & Tel-
legen, 1985), whereas others emphasize discrete cat-
egories such as happiness, anger, fear, and so forth
(e.g., Ekman, 1992; Izard, 1977). Some theoretical
treatments of this topic place a premium on elementary
(e.g., Ortony, Clore, & Collins, 1988; Scherer, 1984)
or more global (e.g., Johnson-Laird & Oatley, 1992;
Stein & Trabasso, 1992) cognitive appraisals, whereas
others base their classification scheme on specific, cir-
cumscribed brain circuits (e.g., Panksepp, 1982). The
lack of consensus on classification reflects an even
more basic source of disagreement concerning the phe-
nomena to be explained. Just how is an emotional state
of mind to be distinguished from a nonemotional state?

! Readers wishing more complete treatments of these is-
sues are urged to consult several recent reviews of different
aspects of this literature. Data on facial differentiation
among emotions are reviewed by Camras, Holland, and
Patterson (in press); data on autonomic differentiation
among emotions are reviewed by Cacioppo, Klein, Bern-
ston, and Hatfield (in press); and data on cerebral psycho-
physiological differentiation among emotions are reviewed
by Davidson and Tomarken (1989).



SPECIAL SECTION: PARSING AFFECTIVE SPACE 465

What are the special properties of mental events and
behavior uniquely associated with emotion? My pur-
pose in raising these questions is not to provide an-
swers, for they lie at the very core of this emerging
domain of research. Rather, my objective is to under-
score important themes in current and future research
on this topic. Although tentative proposals are offered
for these questions, consensus on these topics must
await the accumulation of a considerable corpus of
new research findings.

Differentiation on the Basis of Facial Behavior

In this section, I focus on two characteristics that
have been frequently used as the basis for distinguish-
ing among emotions. The first is facial expression, and
the second is autonomic nervous system activity.
Ekman (1992) underscored the importance of these
characteristics as his first two defining features of basic
emotions. Expressive behavior and autonomic nervous
system activity have also figured importantly as de-
fining characteristics of emotion throughout its brief
history of scientific study. Indeed, William James
(1884) considered the perception of such changes to be
the emotion. The claim that different emotions have
distinctive, universal expressive signals is based
largely on the seminal studies of Ekman (e.g., Ekman,
1973) and others (e.g., Izard, 1971), in which it has
been shown that observers choose the appropriate fa-
cial expression when asked to pick the one that dis-
plays a particular emotion. Other studies have found
that when subjects are told a story that depicts a uni-
versal theme (e.g., loss) and are asked to choose a facial
expression that portrays the emotion most likely ex-
perienced by the story’s protagonist, subjects through-
out the world choose the correctly matching facial ex-
pression (e.g., sadness) significantly more often than
would be expected by chance. In yet another paradigm,
subjects are asked to show how their face would appear
if they were the protagonist in an emotion episode.
Ekman (1972, 1973) has reported that New Guineans
pose expressions that are judged moderately accurately
by college students in the United States. These studies
establish that subjects choose certain facial expres-
sions of emotion to represent particular emotion cat-
egories and that such patterns of association are indeed
universal. What such studies do not address, however,
is whether the spontaneous experience of these emo-
tions are invariably accompanied by the occurrence of
the predicted facial expression. Although Ekman
(1972) has studied the spontaneous display of broad

categories of positive and negative affective expres-
sions in the United States and Japan, virtually nothing
is known about the differential incidence of displaying
specific discrete facial expressions in contexts in
which those emotions are reported. We also know pre-
ciously little about whether different modalities of
emotion elicitors (e.g., imagery and emotional film
clips) are equally likely to produce facial expressions
of emotion. A number of studies have suggested that
emotion evoked via imagery, despite its high intensity
as revealed in self-report, is less likely than other pro-
cedures to produce overt facial displays (e.g., Ekman,
Levenson, & Friesen, 1983; see review by Cacioppo,
Klein, Bernston, & Hatfield, in press).

Still other experiments imply that emotions differ in
the probability of becoming expressed on the face. In
a recent study, Tomarken and Davidson (1993) unob-
trusively videotaped subjects’ facial behavior while
they viewed short emotional film clips designed to
elicit happiness, disgust, and fear. The film clips were
carefully selected on the basis of extensive prior rat-
ings from several hundred subjects. We chose two fear
and two disgust clips for comparison that were
matched on self-reported intensity of the target emo-
tion (M = 6.30 and 5.39 on disgust for the two disgust
clips; M = 6.44 and 5.40 for the two fear clips, on
9-point scales). Thus, for each emotion, there was one
high and one moderate intensity clip. The intensities of
the nontarget emotions reported in response to these
clips was also matched. For the disgust clips, the emo-
tion reported most intensely after disgust was fear;
similarly, for the fear clips, disgust was the second
most intense emotion reported. The mean fear rating
for the disgust clips was 3.31, whereas the mean dis-
gust rating for the fear films was 3.10. In addition, the
variance of the ratings in response to the disgust and
fear film clips was matched. A total of 86 subjects were
exposed to these clips in counterbalanced order. Sub-
jects viewed the clips alone in a darkened room while
physiology was recorded. The facial behavior was
scored from the videotapes with Ekman and Friesen’s
(1984) EM-FACS system. This system is designed to
code the facial actions that constitute emotional ex-
pressions and allows for the derivation of the fre-
quency and duration of specific discrete expressions.
We tabulated the percentage of subjects showing facial
signs of disgust in response to the disgust clips and
facial signs of fear in response to the fear clips. Sixty-
two percent of the subjects showed at least one disgust
expression in response to either of the two disgust film
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clips. The mean number of disgust expressions dis-
played by subjects (who had at least one expression)
to the disgust clips was 2.58, with a range from 1 to
8 expressions. In response to the fear clips, not a single
subject showed a facial expression of fear or ques-
tionable fear according to the EM-FACS criteria. If we
used just the most common element of the facial pro-
totype of fear, eye widening, 8.5% of subjects showed
this action unit (either alone or in combination with any
other action unit or units) in response to the fear clips.
If we adopted the most inclusive possible facial criteria
and determined the percentage of subjects who showed
any action unit (either alone or in combination with any
others) that is part of the fear prototype (i.e., eye wid-
ening, lips pulled back, and eyebrows raised), a total
of 18% displayed such behavior. It is important to un-
derscore the fact that subjects reported experiencing
fear as intensely in response to the fear clips as they
reported experiencing disgust in response to the dis-
gust clips. Thus, according to the self-report criteria,
they were experiencing the relevant target emotion in
each case. However, the facial responses to these
stimuli differed dramatically. One objection that might
be raised about this evidence is that film clips may
simply be incapable of eliciting genuine fear. Even if
they become intensely absorbed in the film clip, sub-
jects know that they are in a laboratory and that they
are not vulnerable to physical harm. A number of theo-
rists have proposed that threat of bodily harm is a uni-
versal antecedent event that elicits fear (e.g., Lazarus,
1991). Although the fear clips we selected were satu-
rated with this theme, there is a fundamental difference
between observing others exposed to this threat and
being exposed to the threat oneself.

To address this issue, we performed a second study
with people who had small-animal phobias as subjects
(Tomarken & Davidson, 1993). Such persons report
intense fear of their phobic object. In the context of an
exposure-treatment protocol, we exposed subjects
(who met the criteria for simple phobia of the revised
third edition of the Diagnostic and Statistical Manual
of Mental Disorders [DSM-III-R; American Psychi-
atric Association, 1987]) to their phobic object (either
a live boa constrictor or a live tarantula) while their
facial behavior was again videotaped unobtrusively.
All of our phobic subjects in this context reported feel-
ing threatened with imminent physical harm. Here
again, despite their self-reports of intense fear, we
rarely observed facial signs of fear. However, we did
see a large percentage of subjects display facial signs
of disgust in response to the phobic stimuli. Thus, in

both a normal and a clinical sample, we found that
when subjects are exposed to stimuli that they rate as
eliciting moderately to extremely intense fear, few fa-
cial signs of fear are observed. The majority of subjects
do show facial signs of disgust, however, in response
to appropriate stimuli of comparable intensity.

Another objection that might be raised about the type
of evidence described is that it was derived from adults
who might have been socialized to mask their expres-
sions of fear, even in situations in which they believed
they were not being observed. Such masking may be-
come progressively more automatic over the course of
development. If the relative paucity of fear expressions
in our adult subjects was due to such masking, we
would expect to find these expressions in more abun-
dance among young infants exposed to fear-producing
events. However, studies of infants exposed to experi-
mental manipulations designed to induce fear have
found that facial signs of fear are seldom produced
(e.g., Hiatt, Campos, & Emde, 1979; see reviews by
Camras, 1992; Camras, Holland, & Patterson, in
press). However, other nonfacial behavioral and physi-
ological indexes obtained from the infants suggested
that they were indeed frightened by the experimental
manipulations.

Yet another concern that might be raised about this
corpus of evidence is that the intensity of the elicited
fear in these experimental situations was insufficiently
intense and that with more intense stimulation a dif-
ferentiated facial expression of fear might be produced.
In fact, some evidence exists that has been interpreted
to suggest that, at low intensity levels, only bivalent
discrimination (i.e., positive versus negative) in the
face is achieved. Higher intensities of elicited emotion
might be required to produce differentiation among
negative emotions (see review by Cacioppo et al., in
press).

There are at least two different interpretations of
such data. One interpretation holds that different ef-
fector systems have different gain requirements such
that some systems require more intense input to pro-
duce a differentiated response. In this view, the pattern
of efferent neural activity to the face may reflect a
differentiated fear pattern, but differentiation may not
become expressed in muscle activity patterns because
of a relative insensitivity of this effector system to low
intensity input. A second interpretation holds that the
very nature of the efferent pattern of neural activity to
the effector will vary with intensity. If this latter view
is found to be the more correct alternative, it raises
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important questions about whether low and high in-
tensity variants of what is putatively the same emotion
should appropriately be considered members of the
same category.

Just as there are questions concerning the isomor-
phism between facial expression and discrete negative
emotions, equally troubling questions can be raised
about the positive emotions. As Ekman (1992) noted,
it appears as if there is only one basic form of positive
facial expression that denotes the felt experience of
positive emotion. However, on the basis of nonfacial
indexes (behavioral, subjective, and physiological) it
appears as if there are multiple forms of positive affect
(e.g., Davidson, Ekman, Saron, Senulis, & Friesen,
1990). For example, we have proposed that there are
approach and nonapproach forms of positive affect
(Davidson et al., 1990; Davidson, 1992), each of which
may be associated with distinct patterns of central ner-
vous system activity (see next section). Contentment
and amusement may represent positive affective states
that contain no approach component. Unambiguous
approaching and happiness is often observed when 10-
month old infants are approached by their smiling
mothers. Infants in this situation typically exhibit overt
signs of approach behavior, such as reaching toward
their mother. Moreover, they show a distinctive shift in
brain activity toward increased left frontal activation
(Fox & Davidson, 1988). When adults are induced to
experience contentment and amusement, they show no
reliable shifts in frontal brain activity from baseline,
despite reporting moderately intense levels of these
nonapproach forms of positive affect (Davidson et al.,
1990).

The examples I have introduced imply that the pack-
age linking spontaneous facial expression to other in-
dices thatreflect emotion is not as tidy as discrete emo-
tion theories propose. Thus, categorical schemes for
parsing the emotion domain that are based on proto-
typical facial expressions will not necessarily reflect
the distinctions honored by other behavioral and bio-
logical measures.

Differentiation on the Basis of Autonomic
Nervous System Patterning

Recently, autonomic nervous system patterning
has been proposed as another way in which emotions
can be differentiated from one another. Although the
notion that emotions are associated with distinctive
patterns of autonomic activity fell out of favor fol-
lowing the early research of Schachter and Singer

(1962), who argued that all emotions were associated
with undifferentiated autonomic arousal, it is now
back in vogue, in large measure as a function of the
influential series of studies of Levenson, Ekman, and
their colleagues (e.g., Ekman et al., 1983; Levenson,
Carstensen, Friesen, & Ekman, 1991; Levenson,
Ekman, & Friesen, 1990; see review in Levenson,
1992). These investigators have examined several
different autonomic measures during emotion pro-
duced through different methods of elicitation.

The largest corpus of evidence gathered by Leven-
son, Ekman, and colleagues is derived from their di-
rected facial action (DFA) task. Using very explicit
muscle-by-muscle instructions, this task requires sub-
jects to pose different configurations of facial muscle
activity that are derived from previous studies of the
prototypical facial signs of different discrete emotions.
Remarkably, in several different studies, Levenson
(1992) reported that the DFA procedure produces re-
liable changes in autonomic measures that differentiate
among different expressive patterns. The most reliable
differences have been found for heart rate: The pro-
duction of disgust faces decreased heart rate relative to
other emotions. Fear and anger have been differenti-
ated on the basis of skin temperature, with the latter
showing higher temperature than the former. Whatever
else this unusual procedure might do, it generates com-
ponents of an emotional response that are stripped
from their usual action accompaniments. Moreover,
there is considerable variability across emotion in the
difficulty and effort required to produce the various
emotional expressions.

Emotion has also been generated in the laboratory
through the generation of imagery associated with pre-
vious emotional episodes. An exemplary study of this
kind was recently reported by Sinha, Lovallo, and Par-
sons (1992). Sinha et al. used elaborate procedures for
generating imagery scripts that were designed to elicit
instances of relatively pure emotion (fear, anger, sad-
ness, and joy) on the basis of recall of recent emotional
episodes. Sophisticated measures of cardiovascular re-
activity were used to examine differentiated response
patterning within the cardiovascular system during the
generation of emotional imagery. Anger and fear were
differentiated on the basis of diastolic blood pressure
and peripheral vascular resistance. Sadness and joy
were quite similar on most measures, with the excep-
tion of diastolic blood pressure; sadness produced a
modest increase, whereas joy was associated with a
slight decrease. Although these findings are quite pro-
vocative, it should be noted that, similar to the DFA,
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action tendencies during emotional imagery are nec-
essarily constrained, possibly increasing the consis-
tency of the observed autonomic patterns.

The primary role of autonomic changes that accom-
pany emotion is to provide support for action. As Lev-
enson, Ekman, and Friesen (1990) noted, autonomic
changes associated with different discrete emotions
“produce patterns of activity that will support the be-
havioral adaptations and associated motor programs
that are most likely for that emotion” (p. 379). Lev-
enson et al. (1990) asked but did not answer the ques-
tion of whether the same emotion accompanied by dif-
ferent action tendencies is likely to be associated with
an invariant or differing pattern of autonomic activity.
When these emotions occur spontaneously, they are
often accompanied by widely varying patterns of ac-
tion. On the basis of the likelihood that the same emo-
tion is associated with different action tendencies in
different contexts or individuals, corresponding dif-
ferences in the autonomic changes that support these
actions can be expected.

I have already introduced the distinction between
approach and nonapproach forms of happiness. These
forms of positive affect are associated with different
patterns of central nervous system activity (see David-
son et al., 1990) and may be accompanied by different
autonomic patterns, though the requisite evidence has
not yet been gathered for the latter claim. Other emo-
tions too have a variable set of action tendencies with
which they are associated. For example, fear can be
associated with both fleeing and freezing, and anger is
sometimes associated with approach movements (i.e.,
attack) and sometimes with withdrawal tendencies.
The autonomic supports for the different forms of these
emotions should differ considerably. For example, car-
diovascular mobilization should be greater during flee-
ing than during freezing. Other research has identified
different central neurochemical substrates for different
components of fear behavior in monkeys (e.g., Kalin
& Shelton, 1989), and it is likely that the autonomic
concomitants also differ.

What is required is to firmly address this question in
a research program in which action tendencies and
emotion are independently manipulated while various
physiological measures are recorded. At least for the
emotions of happiness, fear, and anger, different pat-
terns of approach and withdrawal action tendencies
may occur.” Why one particular pattern will occur in
any given instance of the emotion is probably a com-
plex function of situational and person factors. How-
ever, in an experimental context, these tendencies can

be explicitly manipulated and their effects on different
physiological systems characterized.

As might be expected from this brief discussion,
when the empirical evidence on autonomic correlates
of emotion is carefully scrutinized, there is a clear lack
of consistency across studies, and the evidence does
not support the idea that different discrete emotions
have unique and invariant autonomic signatures.
Cacioppo et al. (in press) reviewed all studies that have
compared two or more emotions elicited by any pro-
cedure and assessed two or more autonomic responses.
They concluded that little consistency is present in the
literature. Moreover, they made the important point
that the autonomic changes that do occur are clearly
not necessary for the appearance of discrete emotional
states because there are abundant examples of differ-
entiated emotion occurring in the absence of such
autonomic differentiation.

Approach Versus Withdrawal as the
Fundamental Emotion-Relevant Dimension

In the preceding section, I questioned the utility and
theoretical basis of differentiating among emotions on
the basis of both facial expression and autonomic
physiology. This analysis should not be construed as
denying in any way the crucial relevance and impor-
tance of these response systems for emotion. Rather,
my sole intent was to raise questions about the iso-
morphism between patterns of facial and autonomic
activity and specific discrete emotions. In this section,
I wish to underscore the importance of approach and
withdrawal processes to emotion. Here again I do not
imply that specific emotions are isomorphically asso-
ciated with approach and withdrawal behavior. Rather,
I illustrate the utility of examining approach and with-
drawal components of emotion and, in the following
section, indicate their application to the study of in-
dividual differences and psychopathology.

In a recent article (Davidson, 1992), I treated ex-
tensively the role of approach and withdrawal systems

21 do not wish to imply that the pairing between emotion
and action tendency is completely arbitrary. It is likely that
such pairing is actually quite constrained. In fact, attempts
to pair certain action tendencies with incompatible emotions
will likely result in a failure to produce either the action or
the emotion. I have proposed (Davidson, 1992) that the
nature of the action—emotion coupling is probably biologi-
cally constrained in a fashion similar to that observed in the
literature on biological preparedness and learning (e.g.,
Seligman & Hager, 1972).
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in emotion; here I only briefly summarize these issues.
Organisms approach and withdraw at every level of
phylogeny in which behavior itself is present. To ap-
proach or to withdraw is the fundamental adaptive de-
cision in situations or conditions that have recurred
during our evolutionary past (Tooby & Cosmides,
1990). In very primitive organisms with simple ner-
vous systems, rudimentary forms of approach and
withdrawal behavior occur in the absence of any emo-
tion because the neural supports for emotion are not
present. Thus, over the course of evolution, approach
and withdrawal action tendencies emerged prior to the
appearance of emotions to solve simple adaptive prob-
lems in primitive species (see Schneirla, 1959, for re-
view; and Kinsbourne, 1978, for a related perspective).
As the nature of adaptive problems became more com-
plex and coordination among perceptual, cognitive,
and action systems was required, emotions evolved
and became associated with already established ap-
proach and withdrawal action systems. Elsewhere
(Davidson, 1992), I have proposed that the integration
among these various subcomponents in emotion re-
quired a convergence zone (Damasio, 1989) in the
brain to bind together information from widely dis-
tributed networks. The frontal region is a likely site for
an emotion convergence zone in light of its functional
characteristics and its inputs and outputs (see, e.g.,
Fuster, 1989; Nauta, 1971).

It is now known that the primate frontal cortex is a
highly differentiated structure with several distinct
subregions. The orbital prefrontal cortical areas (Brod-
mann’s areas 13 and 14) have the most significant input
from subcortical sites in which emotional processing
is known to occur. In particular, specific amygdaloid
nuclei project to the lateral orbital prefrontal cortex.
The basal nucleus of the amygdala projects to this pre-
frontal region (Amaral, Price, Pitkénen, & Carmichael,
1992), indicating that the prefrontal region receives
already processed input from the amygdala because
most sensory input arrives at the lateral nucleus. In
general, the prefrontal region reciprocates with con-
nections to the basal nucleus and other amygdaloid
nuclei. Within the different subregions of the prefrontal
area, there are intrinsic connections (Barbas & Pandya,
1991) so that orbital and dorsolateral regions are in-
terconnected. Moreover, the prefrontal region has ana-
tomical reciprocity with the medial parietal cortex (see
Goldman-Rakic, 1987, for review). As a function of
these anatomical arrangements, the prefrontal cortex
communicates with both posterior perceptual process-
ing regions and with subcortical structures that directly

participate in the emotional biasing of sensory input.
The amygdalofugal projections provide the prefrontal
region with information about emotional processing,
and the prefrontal region can in turn influence the
amygdala to bias the emotional processing of sensory
input.

Within the frontal region, a growing corpus of evi-
dence suggests that approach- and withdrawal-related
systems are localized in different cerebral hemi-
spheres, with the left frontal region implicated in
approach-related emotional behavior and the right
frontal region in withdrawal-related emotional behav-
ior. There is considerable evolutionary logic in sepa-
rating these functions to different geographical regions
in the brain. Hemispheric specialization is perhaps the
most effective geographic separation that has been
achieved in vertebrate nervous system evolution. Such
geographic separation likely minimizes competitive
interaction between these systems. Moreover, recent
evidence of hemispheric specialization in a number of
different species (e.g., Denenberg, 1984) consistently
confirms the direction of the effects found in humans
and indicates that lateralization for approach-and-
withdrawal emotion may be more robust across phy-
logeny than may be lateralization.

Many studies have appeared in which emotions
likely to be associated with approach or withdrawal are
experimentally aroused while electrophysiological
measures of regional brain activity are obtained. These
studies were recently reviewed by Davidson and
Tomarken (1989). Using electrophysiological mea-
sures as the dependent variable, at least five indepen-
dent laboratories have reported that certain types of
negative affect (e.g., disgust and fear) produce greater
relative right-sided frontal activation than do positive
affects of comparable intensity (e.g., Ahern &
Schwartz, 1985; Davidson et al., 1990; Dawson,
Klinger, Panagiotides, Spieker, & Frey, 1992; Fox,
1991; Tucker, Stenslie, Roth, & Shearer, 1981).> Most

3 The precise nature of the circuit implicated by these
electrophysiological findings is not at all clear in extant
research and would take me too far afield to address in this
article. It is likely that the scalp EEG data mostly reflect
activity from the lateral convexity of the cortex and thus do
not directly depict orbital frontal function. It is possible that
the intrinsic connections between these different subregions
of the prefrontal cortex are not of the straightforward exci-
tatory sort but may be inhibitory as suggested by Tucker
(1993) and by recent research in which positron emission
tomography was used to examine cerebral blood flow in
these regions (Drevets et al., 1992).
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important, converging evidence using a variety of
other behavioral and physiological measures has also
appeared (see Heller, 1990, for a recent review). In
addition, studies of patients with unilateral anterior le-
sions are also generally consistent with this formula-
tion (e.g., Robinson, Kubos, Starr, Rao, & Price, 1984
Starkstein & Robinson, 1991). However, not all lesion
studies have produced strongly confirmatory evidence
(e.g., Borod, Koff, Lorch, & Nicholas, 1986; Gainotti,
1989; House, Dennis, Warlow, Hawton, & Molyneux,
1990), and a number of studies in which facial asym-
metries have been used as a proxy for cortical activa-
tion asymmetries have obtained results inconsistent
with the approach versus withdrawal hypothesis (see
meta-analysis by Skinner & Mullen, 1991, and reviews
by Borod, 1992, 1993). In a recent article (Davidson,
1993), I reviewed the conceptual and methodological
complications associated with this area of research and
illustrated how such problems could account for the
inconsistencies in the literature. For example, in
many of the facial asymmetry studies, subjects knew
they were being videotaped and so were likely to
mask or voluntarily control their expressions. In
other studies, an experimenter was present along
with the subject while they were exposed to affective
stimuli. The presence of an experimenter has been
demonstrated to exert substantial influence on facial
expressive behavior (Ekman, 1972). In Borod’s
(1993) review of the facial asymmetry studies in nor-
mal adults, she located 47 studies in the literature.
According to her review, only 7 of these 47 studies
were conducted in a way that would minimize the
operation of display rules (subject alone and camera
or observer concealed). Thus, it is important in fu-
ture research to collect additional data in ways that
maximize spontanecous expressive behavior.

Many other conceptual and methodological prob-
lems were identified in this literature in my review
(Davidson, 1993). The principal problems noted were
the failure to distinguish between the perception and
production of emotion, the failure to carefully distin-
guish between spontaneous and more controlled or
posed facial expressions, and the assumption that le-
sions in particular cortical regions were sufficient to
produce an alteration of emotion or mood. With respect
to this latter issue, we (e.g., Davidson & Tomarken,
1989) have suggested that alterations in anterior acti-
vation asymmetry, whether naturally occurring or
lesion-induced, create a diathesis that changes the
probability of experiencing particular types of emo-
tions, given the requisite elicitor (such as a stressful life

event). According to this diathesis-stress formulation,
it would be expected that individuals with left frontal
lesions could be found who present no depressive
symptoms. In fact, some investigators have reported
such findings (e.g., House et al., 1990). House et al.
found no significant difference in incidence of depres-
sion among patients with left compared with right
anterior lesions.

House et al.’s (1990) data are clearly inconsistent
with those from Robinson’s group (e.g., Robinson et
al., 1984). One likely source of the disparity between
the findings of these two research groups is the nature
of populations from which the patients were drawn.
Robinson and his co-workers have tested mostly lower
to lower middle class individuals from the Baltimore
area. Most of these patients were exposed to very
stressful conditions as a function of their neurological
handicap. The patients evaluated by House et al. were
well-cared for by either their families (66%) or by resi-
dential care (14%). Only a small minority were living
alone. Thus, these patients were likely buffered from
many of stresses of daily living presumably experi-
enced by the patients in the Robinson studies. Thus,
whereas patients evaluated by each of these groups had
the hypothesized neurological diathesis for depression
(left anterior lesion), they differed in the degree to
which they were exposed to stress. It is clear that future
studies of this type must pay special attention to the
social setting of the patients.

More specific tests of our hypothesis would be stud-
ies in which individuals with unilateral lesions are ex-
posed to specific types of affect elicitors and in which
careful measures of spontaneous expressive behavior
are obtained. Upon exposure to a sadness-eliciting
event, we would expect a subject with a left frontal
lesion to be more vulnerable to the experience of sad-
ness than normal control subjects or subjects with le-
sions in the other hemisphere. Although admittedly a
very simple distinction, and clearly one thai is not in-
tended to capture the full range and richness of dif-
ferent emotions, the distinction between approach and
withdrawal components of emotion turns out to be
quite useful and helps to establish important theoretical
ties between neuropsychological and other approaches
to emotion and affective style. These issues are con-
sidered in the next section.

Affective Style and Approach Versus
Withdrawal Systems

I and my colleagues have proposed and now ob-
served in many different studies that individuals differ
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in the relative activation of the frontal region of the two
cerebral hemispheres and that these differences among
people in asymmetric anterior activation are relatively
stable over time (Tomarken, Davidson, Wheeler, &
Kinney, 1992). In the cognitive literature on hemi-
spheric specialization, it has been observed that indi-
vidual differences in measures thought to reflect pos-
terior hemispheric activation are associated with
differences in verbal and spatial cognitive task per-
formance in the direction expected on the basis of the
known specialization of the posterior cortical regions
for these types of tasks (see Hellige, 1990, and Levy,
1983, for reviews). Similarly, in the affective domain,
we (Davidson & Tomarken, 1989) have proposed that
individual differences in anterior asymmetric activa-
tion should be associated with differences in disposi-
tional (i.e., tonic or consistent) mood and vulnerability
to certain positive and negative emotions, given the
requisite elicitor. We have referred to these differences
in mood and emotional reactivity collectively as af-
fective style. Specifically, we have suggested that sub-
jects with increased right-sided anterior activation will
show increased vulnerability to emotions, moods, and
psychopathology associated with withdrawal. Such in-
dividuals should be more vulnerable to the emotions of
fear and disgust, should show more dispositional nega-
tive affect, and should show increased vulnerability to
anxiety disorders that include a strong withdrawal
component, such as phobias. In a number of studies, we
have consistently found that the experimental arousal
of disgust and fear is associated with an accentuation
of right-sided frontal activation as compared with ei-
ther a nonemotional baseline or a positive emotional
state (e.g., Davidson et al., 1990). Moreover, in three
separate studies, we found that individuals with toni-
cally elevated right-sided frontal activation reported
more intense levels of fear and disgust in response to
short film clips designed to elicit these emotions than
did subjects who showed left-sided activation (Tomar-
ken, Davidson, & Henriques, 1990; Wheeler, David-
son, & Tomarken, 1993). Among people with a phobia
about social interaction, the anticipation of making a
pubtlic speech is associated with pronounced right an-
terior activation (Davidson, Marshall, Tomarken,
Straus, & Henriques, 1993).

Individuals with decreased activation in the left an-
terior region should be more vulnerable to those emo-
tional states and traits, such as depression, that are as-
sociated with deficits in approach-related activation.
The phenomenology and symptomatology of depres-
sion specifically includes references to approach-

related deficits (see Depue & lacono, 1989, for a re-
view). For example, psychomotor retardation and loss
of interest and pleasure are all symptoms that can logi-
cally be expected to follow from deficits in the acti-
vation of an approach system. Moreover, factor ana-
lytic studies of mood in depressed and normal subjects
indicate that the most pronounced difference between
these groups is not an increase in negative affect among
depressives but a decrease in positive affect in this
group (Watson, Clark, & Carey, 1988; see also Jaeger,
Borod, & Peselow, 1986). In a very insightful article
published prior to any firm data on this issue, Paul
Meehl (1975) hypothesized that an individual differ-
ence of major importance to the development of psy-
chopathology was the capacity to experience pleasure
in response to life’s opportunities. Individuals with a
deficit in this hedonic capacity were hypothesized to
be at risk for certain types of depressive disorders.
Meehl stated that “clinicians and theoreticians ought to
consider seriously the possibility that not only are
some persons born with more cerebral ‘joy-juice’ than
others but also that this variable is fraught with clinical
consequences” (Meehl, 1975, p. 299). We have pro-
posed that underactivation in the left anterior region is
the aberrant hedonic parameter for which Meehl was
seeking. In comparisons of baseline levels of frontal
activation in depressed and normal control subjects, we
have consistently found that depressed subjects (those
with DSM-III-R diagnoses of major depression as well
as dysphoric students who were selected on the basis
of high scores on a depression inventory) show de-
creased activation in the left frontal region (Henriques
& Davidson, 1990, 1991; Schaffer, Davidson, & Saron,
1983). We have also found that toddlers who have a
temperamental style characterized by reluctance to ap-
proach novel and unfamiliar people and objects show
decreased left frontal activation compared with their
uninhibited counterparts (Davidson, Finman, Straus, &
Kagan, 1993). Most recently, we have found that the
administration of diazepam, a benzodiazepine that in-
creases approach-related behavior in novel and unfa-
miliar situations, also increased left-sided frontal ac-
tivation in rhesus monkeys (Davidson, Kalin, &
Shelton, 1992).

Within the positive affect category, we have distin-
guished between approach and nonapproach forms of
happiness. In response to short film clips that depict
amusing positive events, subjects report increases in
the intensity of happiness and amusement and also
show facial signs of felt happiness (Duchenne smiles).
However, these positive affect states rarely include an
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approach component. Contrast this with a situation in
which a 10-month-old infant sees his or her mother
approaching and smiling. In addition to showing a
Duchenne smile, the vast majority of infants of this age
show unambiguous and frank signs of approach be-
havior, for example, reaching out toward the mother.
We have observed different patterns of brain activity
in these situations. During the approach form of posi-
tive affect, we found increases in left frontal activation
above baseline (Fox & Davidson, 1987, 1988),
whereas in in the nonapproach form (as obtained in the
film clip example), anterior asymmetry did not differ
significantly from that found at baseline (Davidson et
al., 1990). Thus, there seem to be two positive-affect
states, both of which are associated with the same pat-
tern of facial expressive behavior. However, behav-
iorally, these states differ, and they also differ in pat-
terns of frontal brain activity.”

We believe, although we do not yet have the requisite
data, that a similar distinction can be made between
approach and nonapproach forms of anger. When an-
ger is elicited within the first year of life it is typically
associated with a strong approach component. For ex-
ample, one of the most reliable procedures for the ex-
perimental elicitation of anger in the first year of life
is the moderate restraint procedure (Stenberg, Campos,
& Emde, 1983). In this procedure, the infant is placed
on its back while its wrists are held to the ground.
Infants will typically struggle against this restraint
(presumably to overcome a goal blockage) and will
show facial signs of anger. During this procedure,
when facial signs of anger are present in the absence
of crying, infants show left frontal activation (Fox &
Davidson, 1988). We have not yet directly compared
the experimental arousal of approach and nonapproach
forms of anger in the laboratory. We are currently per-
forming such a study by comparing brain activity dur-
ing the experimental arousal of anger in subjects who
habitually express their anger and in those who ha-
bitually withdraw from anger-producing situations.
Only through such a comparison, or by experimentally
manipulating these different forms of anger, will a
more definitive answer emerge.

It is my hope that this discussion underscores the
salience of the approach and withdrawal dimensions
for understanding the structure of different emotions.
As 1 tried to illustrate, for at least some emotions (e.g.,
anger and happiness), the magnitude of engagement of
the approach and withdrawal systems is not fixed but
varies with the context and across different individuals.
Certain emotions may have a high probability of being

associated with either approach or withdrawal (e.g.,
disgust), although one may imagine scenarios in which
the opposite action tendencies may be associated with
even these emotions. It is clear that approach and with-
drawal are dimensions that are basic to emotion, appear
throughout many levels of phylogeny, emerge early in
ontogeny, and are mediated by separate brain systems
found in all vertebrate species.

This analysis should not be taken as inconsistent
with a focus on discrete emotions. The fact that certain
forms of anger and happiness both include an approach
component does not imply that they are the same emo-
tion. They may share certain important neural sub-
strates in common, but it seems clear that they also
must differ in important respects. The dimensional per-
spective I have articulated should be regarded as
complementary to the discrete emotions perspective.
These models simply address different levels of a com-
plex process. If physiology and expressive behavior
vary within emotion families, then what remains in-
variant across different instantiations of the same dis-
crete emotion? In accordance with the theoretical po-
sition articulated by Stein and Trabasso (1992), the
invariance is carried in the higher order goal with
which the emotion is associated. Thus, for example,
Stein and Trabasso argued that fear always is associ-
ated with “the desire to prevent the onset of an aversive
state or the desire to prevent the loss of a valuable goal”
(Stein & Trabasso, 1992, p. 233). According to their
analysis, each emotion has its own unique higher order
goal, which is necessary for the experience of that emo-
tion. A similar emphasis on higher order goals is im-
plicit in the analysis of basic emotions proposed by
Johnson-Laird and Oatley (1992). Given that different
discrete emotions are associated with different higher
order goals and given that these goals represent the

* It must be acknowledged that the comparison described
here is entirely retrospective and is based on different
groups of subjects. What is needed in future research is a
within-subjects comparison in which approach and nonap-
proach forms of positive affect are elicited in the laboratory.
It might be quite difficult to produce such emotional behav-
ior in adults, although infants readily show positive affect
accompanied by frank signs of approach, such as reaching
toward their mother. However, it is clear that adults do
experience such positive approach-related emotion in daily
life. Consider the behavior of individuals who are waiting
for loved ones at the airport. Once the person for whom they
are waiting is sighted, many individuals will move toward
and reach out to this person. Devising a laboratory situation
to harness this behavior remains an unfulfilled challenge.
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invariant core of the emotion, I would expect there to
be central states that subserve these mental events.
However, it is likely that the neural networks that sub-
serve these core goals will be constituted in cortical
sites that participate in the generation of other, non-
emotional beliefs and desires. Thus, the patterns of
neural activity that might reflect the core invariance
within emotion families and that differentiate among
different emotion families will likely be found in those
brain regions—such as the dorsolateral frontal
cortex—that are not specifically implicated in the emo-
tion generation process but participate in the integra-
tion of basic cognitive and emotional operations as-
sociated with belief and desire states.

Summary and Conclusions

In this article, I have considered how emotions differ
from one another, and I have illustrated some of the
problems associated with the reliance on two tradi-
tional criteria—facial expressions and autonomic ner-
vous system physiology—that have been invoked to
designate and differentiate among categorical emo-
tions. Although both facial expressions and autonomic
physiology are viewed as integral and important com-
ponents of the affect package, questions were raised
about the isomorphism between discrete emotional
states and their presumed unique facial and autonomic
signatures. I proposed that approach and withdrawal
systems are important components of affective space
and illustrated their relevance to emotional states and
traits. Asymmetries in anterior cortical activation were
shown to be associated with approach- and with-
drawal-related affective processes, with greater left-
sided activation associated with approach emotions
and greater right-sided activation associated with with-
drawal emotions. The application of these concepts to
individual differences in normal and pathological af-
fect was also illustrated.

One challenge for future research in this area is to
understand the relation between the dimensions of af-
fective space described in this article and the categori-
cal emotions that are accurately conveyed on the face
and reported in emotional experience. A second chal-
lenge is to delineate precisely what neural circuit me-
diates the types of affective states and traits described
in this article. It will undoubtedly include both orbital
and dorsolateral components of the prefrontal cortex,
the anterior temporal cortex, the posterior association
cortex connected to these anterior cortical regions (see
Goldman-Rakic, 1987; Heller, 1993), and subcortical
sites that project to and receive reciprocal projections

from these anterior cortical areas, most notably the
amygdala. Ideally, such studies should include both
scalp electrophysiological methods and other brain im-
aging procedures that can provide better spatial reso-
lution so that relations between electrophysiological
signs of activation recorded from frontal scalp regions
and other measures of activation (e.g., regional cere-
bral blood flow) in orbital and ventral frontal subareas
that are not directly reflected in scalp brain electrical
activity can be examined.
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