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Abstract

A consensual, componential model of emotions conceptualises them as experiential, physiological,
and behavioural responses to personally meaningful stimuli. The present review examines this model
in terms of whether different types of emotion-evocative stimuli are associated with discrete and
invariant patterns of responding in each response system, how such responses are structured, and if
such responses converge across different response systems. Across response systems, the bulk of the
available evidence favours the idea that measures of emotional responding reflect dimensions rather
than discrete states. In addition, experiential, physiological, and behavioural response systems are
associated with unique sources of variance, which in turn limits the magnitude of convergence across
measures. Accordingly, the authors suggest that there is no “gold standard” measure of emotional
responding. Rather, experiential, physiological, and behavioural measures are all relevant to
understanding emotion and cannot be assumed to be interchangeable.
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From an intuitive layperson perspective, it should be easy to determine whether someone is
experiencing a particular emotion. However, scientific evidence suggests that measuring a
person’s emotional state is one of the most vexing problems in affective science. To organise
our review of research relevant to this question, we take as our starting point a consensual,
componential model of emotion (see Figure 1). In this model, an emotional response begins
with appraisal of the personal significance of an event (Lazarus, 1991;Scherer, 1984;Smith &
Ellsworth, 1985), which in turn gives rise to an emotional response involving subjective
experience, physiology, and behaviour (Frijda, 1988;Gross, 2007;Lang, 1988;Larsen &
Prizmic-Larsen, 2006) The present review examines whether emotion-evocative stimuli are
associated with discrete patterns of responding in each system, how such responses seem to be
structured, and if such responses converge (i.e., are co-ordinated or correlated) with one
another.

Because the literatures that are relevant to the questions examined here are extensive, the
present review must be selective. In our review, we concentrate on studies involving non-
clinical human adult samples rather than children, animals, or clinical populations. We focus
on the response components depicted in Figure 1 rather than on cognitive antecedents and
correlates of emotion. To further constrain the scope of our review, we focus on emotional
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states rather than emotion-related traits such as extraversion and neuroticism (see Matthews &
Gilliland, 1999;Robinson & Neighbors, 2006;Rusting, 1998, for relevant reviews). Finally, we
focus our review on the most commonly used measures for each response system.

Throughout our review, we examine findings from both dimensional and discrete perspectives.
According to the dimensional perspective, there are a few fundamental dimensions that
organise emotional responses. The most commonly assumed dimensions are valence, arousal
(sometimes referred to as activation), and approach—avoidance (Davidson, 1999; Lang,
Bradley, & Cuthbert, 1997; Russell & Barrett, 1999; Schneirla, 1959; Watson, Wiese, Vaidya,
& Tellegen, 1999). The valence dimension contrasts states of pleasure (e.g., happy) with states
of displeasure (e.g., sad), and the arousal dimension contrasts states of low arousal (e.g., quiet)
with states of high arousal (e.g., surprised). Approach motivation is characterised by tendencies
to approach stimuli (e.g., as would likely be facilitated by excitement), whereas avoidance
motivation is characterised by tendencies to avoid stimuli (e.g., as would likely be facilitated
by anxiety).

Researchers disagree to some extent about which dimensional scheme should be used and how
different dimensions relate to each other. For example, some theorists state that positive and
negative emotions are inversely related (Russell, 1980), but others favour the view that positive
and negative emotions are relatively independent of each other (Larsen, McGraw, & Cacioppo,
2001; Tellegen, Watson, & Clark, 1999). In addition, some argue that approach and avoidance
are more or less synonymous with positive and negative emotional states, respectively (Watson
etal., 1999). However, as we outline below, some emotional states such as anger pose problems
for this view, in that they suggest a dissociation of valence and approach—-avoidance (Harmon-
Jones & Allen, 1998). More generally, our review will make it clear that different measures of
emotion are particularly sensitive to different dimensions; thus, for different measures different
dimensional schemes are most appropriate. Although dimensional frameworks disagree in
some of their specifics, they agree that emotional states can be organised in terms of a limited
number of underlying dimensions.

In contrast, the discrete emotions perspective contends that each emotion (e.g., anger, sadness,
contempt) corresponds to a unique profile in experience, physiology, and behaviour (Ekman,
1999; Panksepp, 2007). It is possible to reconcile dimensional and discrete perspectives to
some extent by proposing that each discrete emotion represents a combination of several
dimensions (Haidt & Keltner, 1999; Smith & Ellsworth, 1985). For example, anger could be
characterised by negative valence, high arousal, and approach motivation, whereas fear could
be characterised by negative valence, high arousal, and avoidance motivation. Despite these
considerations, dimensional and discrete perspectives differ in how they conceptualise and
describe emotional states (Barrett, 2006b). For this reason, we contrast such perspectives in
our review.

To guide the reader, Table 1 presents an overview of the measures reviewed for each response
system depicted in the consensual model of Figure 1. Table 1 also summarises our conclusions
concerning the aspects of emotional state best captured by each measure. We begin by
reviewing self-report measures of emotion.

SELF-REPORT MEASURES OF EMOTION

In our view, the validity of self-reports of emotion is too often seen as an all-or-none
phenomenon. Here, we follow Robinson and Clore (2002), who concluded that the degree to
which self-reports are valid varies by the type of self-report (see also Robinson & Sedikides,
in press). Specifically, self-reports of current emotional experiences are likely to be more valid
than are self-reports of emotion made somewhat distant in time from the relevant experience
(Robinson & Clore, 2002). In a very interesting study, for example, Barrett, Robin,
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Pietromonaco, and Eyssell (1998) asked men and women to report on their emotional traits “in
general” as well as on their emotional reactions to events in daily life. Sex differences in
emotional traits were prominent and large, whereas sex differences in daily experience were
quite meagre and inconsistent, suggesting that trait reports of emotion are more biased (in this
case by gender stereotypes) than reports made directly after an event. Conceptually similar
findings have been reported when asking individuals to estimate their past or likely future
responses to emotional events (e.g., Mitchell, Thompson, Peterson, & Cronk, 1997) On the
basis of such evidence for bias, Robinson and Clore concluded that self-reports of one’s current
experience (“online”) are likely to be more valid than self-reports concerning past, future, or
trait-related experiences of emotion.

However, there are concerns that even “online” reports of emotion can be biased among certain
groups of individuals. For example, it is thought that individuals high in social desirability may
be less willing and/or capable of reporting negative emotional states (Paulhus & Reid, 1991;
Welte & Russell, 1993). Although this suggestion has proven somewhat controversial (Shedler,
Mayman, & Manis, 1993; Taylor, Lerner, Sherman, Sage, & McDowell, 2003), there are still
concerns that individuals high in social desirability may give less valid reports of their emotions
(Paulhus & John, 1998). A second relevant individual-difference variable is alexithymia. It has
been suggested that individuals high in alexithymia react to emotional stimuli, but are less
capable of conceptualising their emotional experiences in a manner conducive to self-report
(Lane, Ahern, Schwartz, & Kaszniak, 1997). In sum, there are individual differences in
awareness of and willingness to report on emotional states that potentially compromise even
online reports of emotional experience.

Finally, one purpose of our review is to compare dimensional and discrete perspectives of
emotional responding. In the domain of self-reported emotional states, it is quite clear that
dimensions such as valence and arousal (Russell & Barrett, 1999) or tendencies toward
approach and avoidance (Watson et al., 1999) capture the lion’s share of variance. Indeed, the
dimensional nature of self-reported emotional responses is so substantial that it has been
suggested that the dimensional correlates of self-reported emotion be examined first before
there is any legitimate claim to emotion specificity (Watson, 2000).

Self-reports of emotion are likely to be more valid to the extent that they relate to currently
experienced emotions. Even in this case, though, there are concerns that not all individuals are
aware of and/or capable of reporting on their momentary emotional states. Finally, Table 1
follows from our review of this literature in suggesting that dimensional frameworks, relative
to discrete ones, better capture this measure of emotion.

AUTONOMIC MEASURES OF EMOTION

The autonomic nervous system (ANS) is a general-purpose physiological system responsible
for modulating peripheral functions (Ohman, Hamm, & Hugdahl, 2000). This system consists
of sympathetic and parasympathetic branches, which are generally associated with activation
and relaxation, respectively. Because of the general-purpose nature of the ANS, its activity is
not exclusively a function of emotional responding, but rather encompasses a wide variety of
other functions related to digestion, homeostasis, effort, attention, and so forth (Berntson &
Cacioppo, 2000). This is an important point because it is often not clear whether activity in the
ANS reflects emotional processes or, perhaps instead, other functions subserved by the ANS
(Obrist, Webb, Sutterer, & Howard, 1970; Stemmler, 2004).

The most commonly assessed indices of ANS activation are based on electrodermal (i.e., sweat
gland) or cardiovascular (i.e., blood circulatory system) responses. Electrodermal responding
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is typically quantified in terms of skin conductance level (SCL) or short-duration skin
conductance responses (SCRs). The most commonly used cardiovascular measures include
heart rate (HR), blood pressure (BP), total peripheral resistance (TPR), cardiac output (CO),
pre-ejection period (PEP), and heart rate variability (HRV). Each of these measures varies in
terms of whether it primarily reflects sympathetic activity, parasympathetic activity, or both.
For example, SCL and PEP predominantly reflect sympathetic activity, HR and BP reflect a
combination of sympathetic and parasympathetic activity, and HRV has been closely linked
to parasympathetic activity (Cacioppo, Berntson, Larsen, Poehlmann, & Ito, 2000).

James (1884) was among the first psychologists to suggest that different emotional states (e.g.,
sadness, anger, fear) involve specific patterns of ANS activation. James’s speculations have
been central to many important theories of emotion (Ellsworth, 1994; Lang, 1994), though
Ellsworth cautions that it would be a mistake to equate James’s theory with peripheral ANS
responding considered alone. Nonetheless, much of the research inspired by James’s theory of
emotion has focused on ANS measures. One reason for the continued scientific interest in
autonomic specificity is that people generally believe that their emotions involve discrete
patterns of ANS activation (such as the presumed link between anxiety and increased heart
rate: Scherer & Wallbott, 1994). However, the validity of such beliefs is suspect because
perceptions of ANS responses are generally not predictive of actual ANS responses (Mauss,
Wilhelm, & Gross, 2004; Pennebaker, 1982).

Furthermore, although some evidence for autonomic specificity has been reported (Christie &
Friedman, 2004; Ekman, Levenson, & Friesen, 1983; Stemmler, Heldmann, Pauls, & Scherer,
2001), a recent meta-analysis has characterised such effects as inconsistent (Cacioppo et al.,
2000). In this meta-analysis, only a small set of the 37 ANS measures reviewed reliably
differentiated discrete emotions and replicable findings were specific to particular comparisons
(e.g0., finger temperature decreases less in anger than in fear, but finger temperature does not
differentiate other discrete emotions). Also, although there were mean differences in some
ANS responses across emotions, results were highly inconsistent across studies. By contrast,
different induction methods (e.g., directed facial expressions versus film clips) have much more
reliable effects on ANS measures than different emotions, again highlighting the paucity of
support for the autonomic specificity hypothesis (Cacioppo et al., 2000).

Given these considerations, it may be best to view ANS responding in terms of broader
dimensions such as arousal (Cacioppo et al., 2000; Duffy, 1962; Malmo, 1959). In support of
this point, Peter Lang and colleagues have shown, in a number of studies (e.g., Bradley & Lang,
2000b; Lang, Greenwald, Bradley, & Hamm, 1993), that SCL increases systematically and
linearly according to the rated arousal of emotional stimuli (e.g., slides). Moreover, the same
studies have found that relations between stimulus arousal and SCL activity are independent
of stimulus valence, emotion induction method, and, indeed, which specific emotion is targeted
by the induction. Such findings are consistent with theories contending that ANS activity
indexes the arousal level of the emotional state rather than its discrete emotional basis (Arnold,
1960; Cannon, 1931; Duffy, 1962).

However, not all measures of ANS responding map onto a single dimension. According to the
principle of “directional fractionation” (Lacey, 1967), different measures of ANS activity can
operate independently or even in opposition to each other. For example, HR decreases can co-
occur with increases in sympathetic activity as assessed by other ANS measures (Bradley &
Lang, 2000b; Lang et al., 1997; Libby, Lacey, & Lacey, 1973). To explain such fractionation
of the ANS system, at least one additional dimension must be taken into consideration
(Cacioppo et al., 2000; Russell & Barrett, 1999). Konorski, and later Lang (Konorski, 1967;
Lang, Bradley, & Cuthbert, 1990; Lang et al., 1997) proposed appetitive and aversive systems
as the second important dimension of ANS responding; others have proposed a similar valence
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dimension (Cacioppo et al., 2000; Russell & Barrett, 1999). For example, Cacioppo and
colleagues’ meta-analysis (2000) revealed that blood pressure, cardiac output, heart rate, and
skin conductance response duration respond to emotional valence.

Although individual ANS measures appear responsive to dimensions rather than discrete
emotional states, the joint consideration of multiple ANS measures may support a greater
degree of autonomic specificity (Cacioppo et al., 2000; Stemmler, 2004). For example,
Stemmler reports that anger and fear, despite being matched in terms of valence and arousal,
could be differentiated by a combination of cardiovascular and respiratory measures. Similarly,
Kreibig, Wilhelm, Roth, and Gross (2007) found that eleven ANS measures, jointly considered,
differentiated responses to fear-inducing versus sadness-inducing film clips (matched on
valence and arousal) with 85% accuracy. Thus, combinations of multiple ANS measures may
yield better predictions of discrete emotional states. However, data of this type often capitalise
on sample-specific findings and should be viewed as tentative in the absence of replications.

Recall, also, that ANS measures serve multiple masters including perceived and actual task
demands, coping appraisals, and motor behaviour (Obrist et al., 1970; Stemmler, 2004). For
this reason, it may be problematic to view any ANS pattern as a straightforward reflection of
the emotional state of the individual. Such considerations are particularly problematic for views
emphasising an invariant, unmediated influence of emotion on physiological responding
(Panksepp, 1999; Tompkins, 1995). By contrast, if one views emotions as inextricably linked
to task demands, coping, and motor behaviour (Ekman, 1999; Larsen, Berntson, Poehlmann,
Ito, & Cacioppo, in press; Levenson, 2003; Stemmler, 1989), then it is less of a concern that
ANS activity responds to both emotional states and non-emotional factors.

The idea that discrete emotions have distinct autonomic signatures has not faired well in the
literature. Instead, relevant studies often point to relationships among dimensions, particularly
those of valence and arousal, and ANS responses. It is possible that considering patterns of
multiple ANS measures will lead to autonomic specificity in the future, but more work is
needed before coming to firm conclusions. Table 1 thus reinforces our central conclusion that
ANS measures primarily respond to dimensional aspects of emotional states.

RESPONSE MAGNITUDE AS A MEASURE OF EMOTION

Startle in response to a sudden, intense stimulus is a universal reflex that involves multiple
motor actions, including tensing of the neck and back muscles and an eye blink (Landis &
Hunt, 1939). The startle response serves a protective function, guarding against potential bodily
injury (particularly of the eye) and serving as a behavioural interrupt that is thought to facilitate
vigilance in relation to a possible threat (Graham, 1979). In support of this hypothesis, the
amygdala, which is a brain structure centrally involved in vigilance and threat detection
(Whalen, 1998), plays a key role in modulating the startle response in threatening contexts
(Davis, 1989; Koch & Schnitzler, 1997). Because the startle response thus lies at the
intersection of several response systems (ANS, CNS, and behaviour), we describe it in a
separate section.

The most robust component of the behavioural cascade that constitutes the startle reflex is the
eye blink. Therefore, the amplitude of the eye blink is usually used to index startle magnitude
among human participants. Such procedures involve an electromyogram (EMG) measurement
in which muscle activity is assessed from electrodes placed over the orbicularis oculi muscle,
just beneath the lower eyelid. The most commonly used startle-eliciting stimulus is the so-
called “startle probe”, a brief (50 ms) burst of white noise within the 95-110 decibel range.
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Building to some extent on the work of Davis (1989), Lang (1995) made a strong case for the
utility of startle amplitude as a measure of emotion. The logic here is that when the avoidance
system is activated by a negative emotional state, then defensive responses (including the startle
reflex) should be primed and thus increased relative to during neutral states. Conversely, higher
levels of approach motivation likely inhibit tendencies toward a defensive orientation and
should thus be associated with a lesser startle response magnitude relative to neutral states.
Lang (1995) maps approach and avoidance onto positive and negative emotional states and
thus hypothesises an inverse linear relationship between the valence of a person’s emotional
state and the startle response magnitude.

Lang’s (1995) hypothesis has been strongly supported. Multiple studies have shown that when
startle probes are delivered in the context of pictures and sounds that vary in valence, the
magnitude of the startle response is larger in the context of unpleasant stimuli and smaller in
the context of pleasant stimuli, both relative to neutral stimuli (Bradley, Cuthbert, & Lang,
1993; Bradley & Lang, 2000a; Vrana, Spence, & Lang, 1988). Such effects have been linked
to emotional valence rather than to discrete emotional states (Lang, 1995). Convergent support
for the startle response as a measure of emotional valence comes from the clinical literature.
Phobic individuals should exhibit greater negative emotion and thus larger startle responses to
phobic stimuli, and this result has been reported (Cook & Turpin, 1997). Conversely,
individuals meeting criteria for psychopathy are thought to be deficient in threat processing.
Consistent with this idea, such individuals, relative to non-psychopathic individuals, have been
shown to exhibit smaller startle responses to threatening stimuli (Patrick, 1994).

Two important points qualify the general formulation that startle indexes emotional valence.
First, it has been shown that startle magnitude is only sensitive to valence in the context of
high-arousal stimuli (Cuthbert, Bradley, & Lang, 1996; Lang, 1995). Second, the startle
appears to be particularly useful for understanding reactivity to perceived stimuli such as
emotional pictures relative to other induction methods such as conditioning or imagery (Mallan
& Lipp, 2007; Miller, Patrick, & Levenston, 2002; Sabatinelli, Bradley, & Lang, 2001). Within
emotion-perception tasks, though, several potential confounds have been ruled out, including
stimulus novelty, attentional factors, and sensory modality (Bradley, Cuthbert, & Lang,
1990; Bradley et al., 1993; Hawk & Cook, 1997; Lang et al., 1990Lang et al., 1997).

Together, the results summarised here suggest that the startle response is a marker of the
valence dimension of emotional states. Specifically, as summarised in Table 1, the startle
response is reliably larger in the context of high-arousal negative stimuli and reliably smaller
in the context of high-arousal positive stimuli. At the same time, the measure does not appear
to assess discrete emotional states.

BRAIN STATES AS A MEASURE OF EMOTION

Following early theorising by Cannon (1931) and Bard (1928), many investigators have
proposed that the physiological correlates of discrete emotions are likely to be found in the
brain rather than in peripheral physiological responses (Buck, 1999; Izard, 2007; Panksepp,
2007). Researchers have taken up this challenge using EEG and neuroimaging methods.
Because these methods produce very different types of data, we review EEG and imaging
results separately.

Electroencephalography (EEG)

Although the temporal resolution of EEG is excellent, its spatial resolution is limited (Dale &
Sereno, 1993). Thus, EEG measures typically contrast activation in fairly large regions of the

Cogn Emot. Author manuscript; available in PMC 2009 October 5.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mauss and Robinson

Page 7

brain, often anterior (i.e., front of brain) versus posterior (i.e., back of brain) in combination
with the distinction between left-sided and right-sided hemispheric activation. The most
common EEG measure of this type is alpha power (8-13 Hz band), which is thought to be
inversely related to regional cortical activation (Allen, Urry, Hitt, & Coan, 2004). In our review,
we focus on what is termed “frontal asymmetry”, which contrasts alpha power in the left frontal
region with alpha power in the right frontal region, as this asymmetry-based measure has been
particularly important to the emotion literature (Davidson, 1999).

Early studies of frontal asymmetry linked it to emotional valence. For example, Tomarken,
Davidson, and Henriques (1990) found that greater left-sided activation at baseline predicted
more intense experiences of positive than negative emotion, using a trait measure of emotional
experience (although only among those individuals with stable EEG asymmetry profiles over
time). Along similar lines, Davidson, Ekman, Saron, Senulis, and Friesen (1990) found that
the induction of positive emotions by film clips led to greater left-sided frontal activation
subsequent to the induction. These data suggest that frontal asymmetry assesses, or at least
predisposes people to, pleasant emotional experiences (Davidson, 1999).

Subsequent studies, however, have provided convincing evidence that the frontal EEG
asymmetry measure reflects the relative balance of approach versus avoidance motivation to
a greater extent than it reflects emotional valence (Davidson, 1999). For example, Sutton and
Davidson (1997) found that greater left-sided activation predicted dispositional tendencies
toward approach, whereas greater right-sided asymmetry predicted dispositional tendencies
toward avoidance. In contrast, the frontal asymmetry measure did not predict dispositional
tendencies toward positive or negative emotions, suggesting an association of frontal
asymmetry with approach—avoidance rather than with valence.

Other sources of data converge on a similar model of frontal asymmetry. Of particular
importance are studies that link anger, an unpleasant but approach-related emotion, to greater
left-hemispheric activation (Harmon-Jones & Allen, 1998; Harmon-Jones, Lueck, Fearn, &
Harmon-Jones, 2006). Also, tendencies toward worry, thought to be approach-motivated in
the sense of being linked to problem solving, have been linked to relatively greater left-frontal
EEG activity (Heller, Schmidtke, Nitschke, Koven, & Miller, 2002). Thus, the emerging
consensus appears to be that frontal EEG asymmetry primarily reflects levels of approach
motivation (left hemisphere) versus avoidance motivation (right hemisphere).

Neuroimaging studies

Neuroimaging studies, using fMRI (functional magnetic resonance imaging) or PET (positron
emission tomography) technologies, can locate activation in far more specific brain regions
than EEG. For this reason, it has been proposed that neuroimaging methods may be better
suited than EEG to reveal emotion specificity in the brain (Panksepp, 1998). fMRI measures
the uptake of oxygen in the blood (the “blood oxygenation level dependent” or BOLD signal,
Detre & Floyd, 2000). PET assesses metabolic activity in the brain through the injection of a
radioactive isotope the concentrations of which can be measured by a positron-emitting
radioisotope (Volkow, Rosen, & Farde, 1997). In both technologies, the assumption is that a
greater signal reflects greater blood flow to a particular brain region, which in turn is thought
to reflect activation of that region. For the sake of convenience, then, we refer to both sources
of data in terms of the “activation” of the relevant brain region.

At the outset, it must be mentioned that any complex reaction such as an emotional state is
likely to involve circuits rather than any brain region considered in isolation (Kagan, 2007;
LeDoux, 2000; Storbeck, Robinson, & McCourt, 2006). However, particular brain regions may
play a relatively greater or lesser role within larger circuits; thus localisation studies are
meaningful in identifying the key regions involved. Our review here follows from two meta-
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analyses examining whether fear, disgust, sadness, and happiness can be linked to activation
in particular brain regions (Murphy, Nimmo-Smith, & Lawrence, 2003; Phan, Wager, Taylor,
& Liberzon, 2002). The majority of the reviewed studies were included in both meta-analyses,
but the two meta-analyses differed somewhat in their analytic approach and, indeed, in their
conclusions, as documented next.

The strongest apparent relation in both meta-analyses is between fear stimuli and amygdala
activation (Murphy et al., 2003; Phan et al., 2002). However, there are reasons to resist the idea
that amygdala activation is a straightforward reflection of fear. The amygdala is particularly
responsive to fearful images relative to other fear-induction methods, and may thus be more
closely tied to emotional perception than emotional experience (Wager et al., 2008). Moreover,
the amygdala primarily responds to uncertainty and ambiguity, even relative to expected and
unambiguous fearful stimuli (LeDoux, 1996; Pessoa, Padmala, & Ungerleider, 2005; Whalen,
1998). Additionally, other data have linked amygdala activation to negative emotions more
generally (Cahill et al., 1996) and even to reward processing and positive emotional states
(Canli, 2004; Murray, 2007). Finally, it has been shown that individuals with bilateral damage
to the amygdala can experience negative emaotions, including fear (Anderson & Phelps,

2001 Anderson & Phelps, 2002). The preponderance of evidence thus suggests that the
amygdala primarily responds to unexpected inputs of motivational significance rather than the
experience of fear or processing of fear-related stimuli per se (Barrett, 2006b; Berridge,
1999; Holland & Gallagher, 1999).

Both meta-analyses agree that disgust stimuli tend to be associated with insula activation.
However, the meta-analysis of Phan et al. (2002) found that a wide variety of negative emation
inductions activated the insula as well. Thus, the idea that there is a specific link between insula
activation and disgust appears problematic. Furthermore, the insula supports many
psychological functions, including processing of taste information, implicit learning,
procedural memory, and motor performance (e.g., Frank, O’Reilly, & Curran, 2006; Keele,
Ivry, Mayr, Hazeltine, & Heuer, 2003; Kiefer & Orr, 1992). For these reasons, it is difficult to
endorse the simple view that insula activation can be equated with disgust.

Considering sadness, Phan et al. (2002) reported that 60% of the studies they reviewed found
activation in the medial prefrontal cortex (mPFC), but Murphy et al. (2003) reported the
strongest localisation pattern in the supracallosal anterior cingulate cortex (ACC; with about
50% of studies manipulating sadness showing this effect). This may not be an important
discrepancy because the supracallosal ACC is well connected to areas of the mPFC, and thus
an ACC-mPFC circuit may be involved in sadness. However, Barrett (2006a) raised an
important concern about such studies, namely that they typically relied on induction methods
involving high cognitive demand such as recalling a past event that caused sadness. This is an
important potential confound because Phan et al. reported that cognitively demanding emotion
inductions activate rostral portions of the ACC to a greater extent than passive emotional
processing tasks do. This presents a concern for claiming a 1-to-1 correspondence of sadness
to activation of an ACC-mPFC circuit.

The neural correlates of anger and happiness have been even less robust than those discussed
above (Murphy et al., 2003; Phan et al., 2002). Furthermore, for the correlates reported, there
are potential confounds such as those pertaining to the induction method used (Barrett,
2006a; Wager et al., 2008). In addition, there are concerns that some of the studies reviewed
in the two meta-analyses used methods that have limited spatiotemporal resolution. Thus,
although there has been some progress in understanding the neural correlates of fear, disgust,
and potentially sadness, the discrete-emotions perspective has yet to produce strong, replicable
findings.
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At the same time, meta-analyses provide support for a dimensional perspective on emotion and
brain activity. Consistent with the EEG data reported above, approach-related emotional states
appear to be left-lateralised in the brain (Murphy et al., 2003; Wager, Phan, Liberzon, & Taylor,
2003). In addition to these lateralised patterns, Wager et al. (2003) found systematic relations
between approach-motivated states and anterior and rostral portions of the medial prefrontal
cortex (PFC) as well as the nucleus accumbens. Wager et al. (2003) also found systematic
relations between avoidance-motivated states and the amygdala (especially its lateral and
basolateral nuclei) and the ACC. Thus, there is increasing evidence that emotional states related
to approach and avoidance involve localisable brain circuits (Barrett & Wager, 2006; Wager
et al., 2008).

EEG and neuroimaging studies converge in concluding that relative left-hemisphere activation
is reflective of approach-related states, whereas relative right-hemisphere activation is
reflective of avoidance-related states. Specific brain regions, too, appear to be linked to states
of approach and avoidance, as reviewed in the section on neuroimaging studies. Table 1 thus
concludes that CNS measures appear to be sensitive to the dimensions of approach and
avoidance. That said, because emotional states are complex and likely to involve circuits,
neuroimaging methods that examine interrelated activity among multiple brain regions may
hold more promise for understanding whether and how emotional specificity is instantiated in
the brain.

BEHAVIOUR AS A MEASURE OF EMOTION

Darwin (1965) suggested that emotions serve an evolved communicative function and thus
should prime behaviours that reveal one’s emotional state to others (see Ekman, 1992, for a
related view). Another set of theories links emotional states to action dispositions, such as the
primed tendency toward flight in the case of fear (Frijda, 1986; Lang et al., 1997). According
to these theories, it should be possible to infer a person’s emotional state from vocal
characteristics, facial displays, and whole-body behaviours. We next review progress in this
area of research. Because the term “expression” implies that emotions naturally trigger a given
behaviour, we refer to “behaviour” or “movement” rather than “expression”.

Vocal characteristics

People often report that they infer the emotional states of others from vocal characteristics
(Planalp, 1998). Scientific studies have examined this intuition most commonly by
decomposing the acoustic waveform of speech and then assessing whether such acoustic
properties are associated with the emotional state of the speaker (Juslin & Scherer, 2005). In
our review, we concentrate on the most common measures, namely voice amplitude (i.e.,
loudness) and pitch (also known as fundamental frequency or Fg). Although advances in the
digital analysis of sound waveforms have made it increasingly feasible to measure other vocal
characteristics such as minute changes of vocal-fold vibration (see Bachorowski & Owren,
1995; Protopapas & Lieberman, 1997, for reviews), work of this complex type is just beginning
and much remains to be learned (Juslin & Scherer, 2005).

The most consistent association reported in the literature is between arousal and vocal pitch,
such that higher levels of arousal have been linked to higher-pitched vocal samples
(Bachorowski, 1999; Kappas, Hess, & Scherer, 1991; Pittam, Gallois, & Callan, 1990). For
example, Scherer, Banse, Wallbott, and Goldbeck (1991) examined the acoustic features of
emotional nonsense sentences spoken by actors. When the actors were depicting high-arousal
emotions such as fear, joy, and anger, pitch was higher than when they were depicting lower-
arousal emotions such as sadness. Similar findings have been reported in studies of vocal
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characteristics following success or failure feedback and in the context of naturalistic studies
of emotion and vocal responses (Bachorowski & Owren, 1995).

Based on results of this type, Bachorowski and Owen (1995) suggested that vocal pitch can be
used to assess the level of emotional arousal currently experienced by the individual. On the
other hand, it has been more difficult to find vocal characteristics that are sensitive to valence
(Bachorowski, 1999; Leinonen, Hiltunen, Linnankoski, & Laakso, 1997; Protopapas & Lieber-
man, 1997). For example, anger and joy are similar in emotional arousal, but different in
valence, yet both emotions have been linked to comparable vocal pitch and vocal amplitude
(Johnstone & Scherer, 2000).

In the most comprehensive study that we know of, Banse and Scherer (1996) examined
relations between 14 induced emotions and 29 acoustic variables. The authors found that a
combination of ten acoustic properties differentiated discrete emotions to a greater extent than
could be attributed to valence and arousal alone. For example, elation was characterised by
medium low frequency (LF) energy and an increase of pitch over time, whereas anger was
characterised by low LF energy and a decrease of pitch over time. However, these links were
complex and multivariate in nature, involving post hoc comparisons that were novel to the
literature and in some cases perhaps not theoretically motivated. Thus, replications are crucial
to having greater confidence in the findings reported in this study.

Facial behaviour

Darwin (1965) reasoned that facial displays are closely tied to the likely behaviour of the
organism (e.g., biting in the case of anger, which would result in exposed teeth). Darwin further
contended that such emotion—behaviour links reflect biologically evolved mechanisms, in that
they subserve survival-related actions and communication functions. Ekman built on Darwin’s
analysis and showed that prototypic facial behaviours of at least six “basic” emotions (anger,
fear, disgust, happiness, sadness, and surprise) could be recognised cross-culturally (Ekman
& Friesen, 1971; Ekman, Sorenson, & Friesen, 1969; Fridlund, Ekman, & Oster, 1987; lzard,
1971). It is a different question—and one more pertinent to our review—to consider whether
people spontaneously display such prototypic facial behaviours when in a particular emotional
state.

Observer ratings—To examine the latter question, we review emotion-induction studies
that have sought to link an induced emotional state to facial behaviours displayed during or
immediately after the induction. Many of the relevant studies have quantified facial behaviour
using componential coding. In most componential coding systems, trained coders detect facial
muscle movements—or “facial actions”—using reliable scoring protocols (see Cohn & Ekman,
2005; Ekman & Friesen, 1978, for a comprehensive review). The most widely used
componential coding system is the Facial Action Coding System (FACS; Ekman & Friesen,
1978; Ekman, Friesen, & Hager, 2002). The FACS is an anatomically based, comprehensive
measurement system that assesses 44 different muscle movements (e.g., raising of the brows,
tightening of the lips). As such, it measures all possible combinations of movements that are
observable in the face rather than just movements that have been theoretically postulated. Other
coding schemes seek to streamline the coding efforts by focusing on facial muscle contractions
that are thought to have emotional significance (e.g., lzard, 1971; Kring & Sloan, 2007).

Facial behaviours appear to reliably indicate the valence of a person’s emotional state (Russell,
1994). For example, Duchenne (“non-social”) smiles—involving wrinkling of the muscles
around the eyes—have often been linked to experiences of positive emotion (Ekman, Davidson,
& Friesen, 1990; Frank, Ekman, & Friesen, 1993; Hess, Banse, & Kappas, 1995; Keltner &
Bonanno, 1997). By contrast, negative emotion inductions are often associated with a visible
facial behaviour in which the eyebrows are lowered and brought closer together (Kring &
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Sloan, 2007). In a recent study using a more molar facial action coding system, Mauss,
Levenson, McCarter, Wilhelm, and Gross (2005) found strikingly large correlations between
valence and the person’s facial behaviours, rs >.80.

The case for the emotion specificity of facial behaviour has been more problematic and, indeed,
very few studies of this type have been reported. In one such study, Rosenberg and Ekman
(1994) exposed participants to disgust- and fear-inducing film clips. Following each film clip,
participants rated their experience of eight discrete emotions. Subsequently, videotaped facial
behaviour was scored in terms of the same eight discrete emotions. The researchers then
determined whether discrete experiences and facial behaviours co-occurred beyond chance
level. This was the case, but such relationships were also weak and not very robust in nature
(see Bonanno & Keltner, 2004, for additional results of this type).

Other results, though, present challenges for the entire enterprise of treating facial behaviours
as a reflection of the person’s emotional state, regardless of. whether a dimensional or discrete
perspective is adopted. For example, Schneider and Josephs (1991) found that children smiled
more after failure feedback than after success feedback, clearly a problem for the assumption
that smiles reflect positive emotional states. In addition, several studies have found that
associations between positive emotional states and facial smiles are stronger—and perhaps
exclusive to—contexts in which an audience is present (Fernandez-Dols & Ruiz-Belda,
1995; Fridlund, 1991; Kraut & Johnston, 1979). Such results comport with Darwin’s (1965)
analysis of the communicative function of facial behaviour. They also suggest that it may often
be hazardous to assume that exhibited facial behaviour provides a “direct readout” of a person’s
emotional state.

Electromyography (EMG)—Facial behaviours potentially indicative of emotion can also
be assessed with facial EMG, which involves measuring electrical potential from facial muscles
via the placement of electrodes on the face. The two most frequently targeted muscle groups
are the corrugator supercilii (associated with furrowing of the eyebrows) and the zygomatic
muscle (associated with raising of the corners of the lips). Results from this literature have
converged on the utility of these measures for assessing the valence of a person’s emotional
state, but are generally viewed as limited in understanding discrete emotional reactions
(Cacioppo, Berntson, Klein, & Poehlmann, 1997; Larsen et al., in press; but see Vrana,
1993). Corrugator muscle activity decreases linearly with the pleasantness of affective stimuli
—responding to stimuli across the full valence spectrum, while zygomatic muscle activity
increases linearly with the pleasantness of affective stimuli—responding to pleasant stimuli
(see Bradley & Lang, 2000b; Lang et al., 1993; Larsen, Norris, & Cacioppo, 2003, for reviews).
Cacioppo et al. suggested that facial EMG activity reflects implicit evaluation processes
(Dimberg, Thunberg, & ElImehed, 2000), but more work of this type is warranted before coming
to firm conclusions (Larsen et al., 2003).

Whole-body behaviour

Darwin (1965) presented the idea that bodily behaviours are biologically evolved to
communicate one’s emotional state to conspecifics. Although research on bodily expressions
of emotion is relatively sparse (Adolphs, 2002; VVan den Stock, Righart, & de Gelder, 2007),
the research that does exist points to the idea that at least certain emotional states may have
distinct bodily behaviour signatures. In particular, pride and embarrassment have been linked
to expansive and diminutive body postures, respectively. Stepper and Strack (1993) found that
participants experienced greater pride if an elevated posture had been implicitly manipulated
beforehand. Results from Tracy and Robins’ research programme confirm the link between
pride and an expansive body posture (Tracy & Matsumoto, in press; Tracy & Robins, 2004;
Tracy, Robins, & Lagattuta, 2005). Conversely, Keltner and Buswell (1997) have found that

Cogn Emot. Author manuscript; available in PMC 2009 October 5.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mauss and Robinson

Page 12

embarrassment is reflected in bodily postures associated with minimising one’s spatial
presence, a result consistent with ethological data on dominance—submission and resulting
behavioural postures (Mazur, 2005).

Although embarrassment and pride have been linked to distinct body postures, they have not
been linked to distinct facial behaviours (Keltner & Buswell, 1997; Tracy & Robins, 2004).
App, Mclntosh, and Reed (2007) presented a social-functional analysis in which they provided
a rationale for why some emotions are primarily associated with facial behaviours, whereas
other emotions are primarily associated with whole-body behaviours. They suggested that
some emotions, namely anger, fear, disgust, happiness, and sadness, primarily serve individual-
level adaptive functions and should therefore be linked to facial behaviours rather than whole-
body behaviours, which are potentially disruptive of an individual’s interactions with the
environment. On the other hand, the authors suggested that emotions such as embarrassment,
guilt, pride, and shame are centrally linked to a person’s position within a social status
hierarchy. These emotions, then, should be more systematically associated with behaviours
that signal to larger groups of individuals one’s current emotional state (i.e., whole-body
behaviours). Functional analyses of this type appear promising for understanding links between
emotions and behaviour, and more research is encouraged.

Summary—The assessment of vocal characteristics appears to be especially useful in
understanding levels of emotional arousal, with higher levels of pitch and amplitude associated
with higher levels of arousal (Table 1). By contrast, attempts to link emotional valence or
discrete emotions to vocal characteristics have been met with mixed success at best, although
more sophisticated methods may be capable of doing so in the future. Thus, we conclude that
vocal characteristics are primarily reflective of the dimension of emotional arousal.

By contrast, facial behaviours appear to be particularly sensitive to the valence of a person’s
emotional state (Table 1). An important caveat, though, is that a number of factors such as
gender, culture, expressiveness, and the inferred presence of an audience, likely moderate
relations between emotional states and facial behaviours. This may be true to such an extent
that the absence of changes in facial behaviour should not be equated with the absence of an
emotion, and vice versa.

Body posture has not received a great deal of attention as a measure of emotion. Yet, studies
that have been conducted suggest that pride and embarrassment are associated with expansive
versus diminutive postures, respectively (Table 1). App and colleagues’ analysis suggests that
such links may be specific to social-status-related emations (Table 1). If this proves to be the
case, body posture measures might be unique among the measures that we reviewed in
supporting a discrete emotional perspective.

GENERAL DISCUSSION

Having reviewed measures of the main components of emotional responding and their
sensitivity to different aspects of emotional state, we now comment on two more general
questions that cut across our review. The first question is whether dimensional or discrete
approaches better capture the structure of emotional responses. The second question is whether
multiple measures of emotion converge, as is suggested by the consensual model of Figure 1.

Measures of emotional responding: Dimensional or discrete?

Emotions have been conceptualised in both dimensional and discrete terms. Dimensional
perspectives argue that emotional states are organised by underlying factors such as valence,
arousal, and motivational state (Barrett & Russell, 1999; Watson et al., 1999). Discrete emotion
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perspectives, by contrast, suggest that each emotion (e.g., anger, sadness, happiness) has unique
experiential, physiological, and behavioural correlates.

Our review tended to support the dimensional perspective. For example, we reviewed evidence
for the idea that emotion specificity has been difficult to establish in the domains of ANS
activity, affect-modulated startle responses, and vocal characteristics. Even in relation to
measures of emotion that are associated with a greater degree of specificity, such as facial
behaviour, dimensional frameworks appear to have substantial explanatory value. Thus, one
conclusion of our review is that dimensions appear to capture the lion’s share of variance of
emotional responses.

Dimensional and discrete perspectives can be reconciled to some extent by conceptualising
discrete emotions in terms of combinations of multiple dimensions (e.g., anger = negative
valence, high arousal, and high approach motivation) that appear discrete because they are
salient (Carver, 2004; Haidt & Keltner, 1999). If discrete emotions are defined in this manner,
there is no necessary antagonism between the two perspectives (Haidt & Keltner, 1999).
However, to the extent that dimensional perspectives are sufficient for capturing the essence
of particular emotional states, such perspectives should be favoured because they are more
parsimonious (Watson, 2000). In addition, the available data are incompatible with the notion
that discrete emotional states are categorically different from one another, that is, that they are
“natural kinds” (cf. Barrett, 2006a).

Of course, some data differentiate emotional states beyond the three factors of valence, arousal,
and approach—avoidance (App et al., 2007; Banse & Scherer, 1996; DeSteno, Petty, Wegener,
& Rucker, 2000; Lerner, Dahl, Hariri, & Taylor, 2007; Rosenberg & Ekman, 1994). It may be
that investigations using more sophisticated methods (e.g., ANS approaches that take into
account combinations of variables or fMRI approaches that examine activity in brain circuits
rather than specific brain regions), will support the discrete emotions perspective beyond what
has been shown so far.

To what extent do different measures of emotion converge?

Our review focused on each measure of emotion individually. Thus, an important remaining
question is the extent to which different measures of emotion converge in understanding a
person’s emotional state. The idea that the components of emotion should converge is
consistent with theories invoking the idea of “affect programmes”. When such programmes
are activated, according to these theories, there should be convergent outputs in emotional
experience, physiology, and behaviour (see Figure 1 for such a model).

This model has not been well supported in studies that have examined convergence of response
systems. Correlations among multiple measures of emotion are moderate at best, small in
typical studies, and inconsistent across studies (e.g., Cacioppo et al., 2000; Lang, 1988; Mauss
et al., 2004). Psychometric factors could play some role in the lack of convergence typically
observed. For example, any one measure of emotion is likely associated with variance unique
to it, in turn rendering high levels of convergence difficult to find. Also, most prior studies
have assessed coherence in terms of between-individual correlations, thus measuring whether
individuals who respond strongly in one component also respond strongly in another. It has
been noted that such between-individual analyses might not be the best test of response
coherence but that within-individual associations of measures across time more closely denote
response-system coherence as implied by the theories of emotion outlined above (Buck,
1980; Lacey, 1967; Stemmler, 1992).

Recent studies have addressed some of these psychometric limitations by using reliable and
valid measures and by using within-subject designs (Mauss et al., 2005; Reisenzein, 2000;
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Ruch, 1995). These studies have found higher levels of convergence than prior studies, but the
relevant correlations were still low to moderate in strength (e.g., Mauss et al., 2005). In sum,
psychometric issues do not appear sufficient in understanding the low levels of convergence

observed in studies of this type.

The typical lack of strong convergence among multiple measures of emotion has three
important implications. First, it appears that the construct of “emotion” cannot be captured
with any one measure considered alone (Lang, 1988; Mandler, 1975; Rachman, 1978). In other
words, emations are multiply determined rather than characterised by a one-dimensional
process such as that depicted in Figure 1. Practically speaking, then, the more measures of
emotion that are obtained and the better they are tailored to the particular context and research
question, the more one will likely learn from a particular study (cf. Larsen & Prizmic-Larsen,
2006). Second, dissociations among different measures of emotion may be relatively normal
rather than necessarily reflective of a dysregulated system. In this context, research that
examines the mechanisms that mediate and explain particular response-system dissociations
will be particularly useful. Third, there are likely to be moderator variables that affect
convergence across measures of emotion (Fridlund, Schwartz, & Fowler, 1984; Lacey,
Bateman, & Vanlehn, 1953; Picard, Vyzas, & Healey, 2001). If this is the case, then a more
idiographic approach would be necessary to understand the nature of emotional response
coherence (Malmo, Shagrass, & Davis, 1950).

CONCLUSIONS

The present review examined whether emotional states are associated with specific and
invariant patterns of experience, physiology, and behaviour. We suggest that measures of
emotional responding appear to be structured along dimensions (e.g., valence, arousal) rather
than discrete emotional states (e.g., sadness, fear, anger). Additionally, different measures of
emotion appear sensitive to different dimensional aspects of state (e.g., facial EMG is sensitive
to valence, whereas skin conductance is sensitive to arousal) and are not strongly related to
one another. Practically speaking, then, there is no “gold standard” measure of emotional
responding. For theories of emotion, this means that there is no “thing” that defines emotion,
but rather that emotions are constituted by multiple, situationally and individually variable
processes.
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Situation I—P

Appraisal I—P

Figure 1.

Emotional Responses:

» Subjective experience

* Peripheral/autonomic nervous system
 Central nervous system

* Behaviour

A consensual component model of emotional responding.
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Overview of response systems, measures, and emotional states to which they are sensitive

Response system

Measure

Sensitivity

Subjective experience
Peripheral physiology (ANS)

Affect-modulated startle

Central physiology (CNS)

Behaviour

Self-report
Autonomic nervous system (ANS) measures

Startle response magnitude

EEG

fMRI, PET

Vocal characteristics: Amplitude, pitch
Facial behaviour: Observer ratings
Facial behaviour: EMG

Whole body behaviour: Observer ratings

Valence and arousal
Valence and arousal

Valence, particularly at high levels of
arousal

Approach and avoidance
Approach and avoidance

Arousal

Valence; some emotion specificity
Valence

Some emotion specificity
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