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and perhaps even atavistic, are the concerns that give events their emotional signifi

cance. It is difficult to find an advantage for many attachments or likings Nevegrlzlll i
less, many nonfunctional or even dysfunctional emotions and emotional 'henome .
occur. They‘can largely be understood as consequences of a function£ rovisina
when .operatm_g under taxing circumstances and at the limits of its resourceI; and gn
occasion manifesting a functionally appropriate lack of selectivity in its o ;rati §
Part of the dysfunctional aspects probably are consequences of break«f o

malfunctions in emotion-controlling processes. o o

e
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Human Emotion: A Functional View

ROBERT W. LEVENSON

Emotions are short-lived psychological-physiological phenomena that represent effi-
cient modes of adaptation to changing environmental demands. Psychologically,
emotions alter attention, shift certain behaviors upward in response hierarchies, and
activate relevant associative networks in memory. Physiologically, emotions rapidly
organize the responses of different biological systems including facial expression,
muscular tonus, voice, autonomic nervous system activity, and endocrine activity to
produce a bodily milieu that is optimal for effective response. Emotions serve to
establish our position vis-2-vis our environment, pulling us toward certain people,
objects, actions, and ideas, and pushing us away from others. Emotions also function
as a repository for innate and learned influences, possessing certain invariant fea-
tures along with others that show considerable variation across individuals, groups,
and cultures.

In my response to this question, 1 will briefly discuss these functions, with an
implicit emphasis on emotions that occur when a person’s physical and psychological
well-being are at stake.

Intrapersonal Functions

Coordination of Response Systems

The essential function of emotion is organization. It has been widely observed that an
emotional response includes manifestations in subjective experience, behavior, and
physiology. The subjective aspect includes the phenomenological experience of the
emotion, perceived physical sensations, and associated memories. The behavioral
aspect includes facial expressions, posture, and voice tone. The physiological aspect
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includes the autonomic, somatic, central nervous systems as well as endocri

responses. then an emotional episode occurs without warning and lasts for le OCtrﬁne
a mlnute: Glyen this lack of opportunity for preparation and this brevity, the asnsl ot
of coordlr'lanon and organization that is required to mount a uniﬁed};nd eff otl'mt
response is considerable. The complexity of this task of coordination is es e(':all‘lle
imposing be.cause each of the component subjective, behavioral, and ph sigf gion
systems has its own control mechanisms, and is capable of quite i’ndepell)ld};nt a(;tgils;l

Shifting Behavioral Hierarchies

Emotions have the capacity to activate certain behaviors, which might normally exi

at jche bottom of behavioral hierarchies. Thus, under the proper conditions -
drive the pacifist to fight; sadness can make the strong weep; and fear car’l inger Cﬁn
brave to cower. In this regard, emotion has the unique cap,acity to set asi?iuse't .
ploment, alifetime of individualized learning, refinement, culture, and styl oveal.
ing the common denominator of human response. ’ , wvle, reveal:

Recruitment of Physiological Support

B.ehavwrs such as withdrawal, expulsion, fighting, fleeing, and nurturing each maki

dlﬂerept physiological demands. A most important function of emotiongis t roate
thg optimal physiological milieu to support the particular behavior that is call (ii(;ril}tle
Given tl'lat this milieu includes the central, somatic, and autonomic nervous : to ‘
each with a number of important subsystems, and the importance of ra iiste msl’c
response, the ability of emotion to choreograph the activity of these diver: eystom

has profound implications for our capacity to adapt and survive. e systems

Shert-circuiting Cognitive Processing

Evolnutlon he}s endowed humans with exquisite cognitive powers, which id
myriad poss1l?i1ities of action and inaction for responding to environmentgo‘;:ale
1(;;11%::. }I;?:lolilog is l1;he I;antidote to the problems caused by this embarrassmeflt o;
s. Hearkening bac to an earlier stage of phylogenetic development, emotion
ro . - . . ? s
gﬂe\cf:ltciijeu:d\;/;ztziigfss to a limited number of simpler time-tested modes of efficient,
- t{&lth;ugh. ratlopal thought and emoti.on are often depicted as locked in an eternal
attle, there is typically more cooperation than strife. Nonetheless, any functional
view qf emotion must allow for the possibility that emotion and rati(;nal};hou htocim
sg;rllletlmes work at Cross-purposes. In those instances, and especially whgen the
challenge to personal well-being and integrity is strongest, the more primiti
emotion systerp often gains the upper hand. Clearly there are’ times whenpact' s
more approprlate than deliberation, when responding is more appropriatelothnallj
lclon.s1df=,r1ng, when doing is more appropriate than planning. In situations where
esitation could have the most dire of consequences, emotion functions to set aside

cognitive processing that is too cumbersom i
. . e, too obsessive, too self-ind
ultimately, too likely to be inconclusive. Heent. and,

What Is the Function of Emotions?

Interpersonal Functions

Communication and Control

The expressive characteristics of emotion in voice, face, gesture, and posture serve
an important function in communicating our emotjonal state to others. The value of
these signals is twofold: first, by allowing others to know how we feel, and second, by
influencing their behavior. The power of simple emotional signals to mobilize others
can be seen quite vividly when fear expressed by one person causes a crowd to panic.
At a more intimate level, the crying of an adult or a child powerfully calls forth
nurturing behaviors on the part of others; a shared smile can defuse the most
dangerous situation and can create an instant bonding among strangers.

Establishing Our Position in Relation
to Other People, Ideas, and Objects

Emotion also functions to establish the spacing between us and the entities that
populate our personal worlds. Acting via ubiquitous processes of approach and
avoidance, emotions draw us toward some things and push us away from others. In
this way emotion functions to establish and structure those things that define us as
individuals. These include our social networks of friends and enemies (and all the
gradients in between), our likes and dislikes (forming the basis for our aesthetic
sensibilities), and our moral sense of what is right and what is wrong.

Repository for Influences of Evolution, Learning, and Culture

I embrace a biocultural model of emotion, which reflects a confluence between innate
and learned influences. My elaboration of this model is depicted in the following
figure!. As suggested by the figure, emotions arise from a transaction between the
organism and its internal and external environment. Antecedent conditions, which
may be interpersonal or intrapersonal, are perceived and processed by an appraisal
system that imbues them with meaning in terms of the organism’s well-being, plans,
and goals. Certain outcomes of this appraisal process evoke an emotion prototype,
which recruits response tendencies in multiple systems encompassing subjective
experience, behavior, and physiology. The configuration of these response tendencies
represents a generalized solution for coping with the demands of the original
antecedent condition. However, these response tendencies do not directly lead to
measurable and observable emotional responses. Rather, they are acted on and often
transformed by cultural learning, resulting in the emotional responses that can be
observed by conspecifics and measured in the laboratory.

In this model, innate hard-wired influences are found in the connections between
the emotion prototype and the recruited response tendencies (indicated by solid
connecting lines in the figure). The primary loci of cultural influences are seen in the
two shaded panels labeled “appraisal” and “cultural learning.” In the realm of
appraisal, culture greatly influences the sense we make of and the meaning we
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Antecedent

conditions Recruited Measurable

response tendencies responses

Subjective
F experience Self-report

Facial Facial
Inter- | program expression
persona

Emotion |_{ Vocalization
prototype program Voice tone
Intra-
personal

Motor Motor
program behavior

Physiologic Physiologic
support response

Appraisal Cultural learning:

Display & feeling rules

ascribe to our experiences. In the realm of cultural learni i
: S. arning, display rules (e.g.,
Ekman & Friesen, 1969) influence the ways we visibly express our emotions, a%ld

feeling rules (e.g., Hochschild, 1979) influence h :
emotions. ) ce how we experience and label our

Conclusion

As this brief overview should make clear, emotions serve an impressively large
number of highly critical functions for individuals, groups, and cultures. A deﬁnit%

feature of the human condition, emotions serve as one of the major patl.lwa s al .
which both innate and learned influences are expressed. y one

Note

1. A number of theorists have offered models that incl i
- ; : ude both hard-wired and 1
influences, including those attributable to culture (e.g., Ekman, 1972, 1984; Heider, T;’?ﬁd
Lazarus, 1991; Levy, 1973; Mesquita & Frijda, 1992). ’ ’ ,

Emotion Serves to Decouple Stimulus and Response

KLAUS R. SCHERER

One of the most exciting leads for answering this question is Donald Hebb’s early but
rarely cited assertion that man is the most emotional of all animals (Hebb, 1949). He
based this claim on his observation of the frequency and complexity of emotional
behavior in many different species of animals, and reached the conclusion that the
degree of emotionality seems to be correlated with the phylogenetic development of
sophisticated central nervous systems. Hebb explained the paradox that the most
rational primate, man, is also considered the most emotional by pointing to the effect
of sociocultural control mechanisms that mask the high level of human emotionality
(see Elias, 1977).

If one accepts Hebb’s claim (i.e., increasing potential for complex emotional
behavior as one moves from fairly simple to more advanced species), one can attempt
to identify which of the more sophisticated behaviors in the advanced species seem to
benefit from an emotion mechanism. This may shed some light on the evolution of
emotion. As one moves up the evolutionary scale, the following features appear to
become more prominent: the ability to process more complex stimulus patterns in the
environment, the simultaneous existence of a multitude of motivational tendencies, a
highly flexible behavioral repertoire, and social interaction as the basis of social
organization. Emotion seems to be centrally involved in determining the behavioral
reaction to environmental, often social, events of major significance for the needs and
goals of the organism.

I have used the analogy of emotion as an interface to refer to this mediation
between environmental input and behavioral output. Since there are nonemotional
reactions to environmental stimulation, other interfaces must also exist (e.g. , reflexes
or rational problem-solving). However, the special role of emotion seems to be that of
an intelligent interface that mediates between input and output on the basis of what is
most important to the organism at a particular time. It evaluates incoming informa-
tion on the basis of a situationally weighted assessment of an event’s relevance to
central needs or goals and prepares appropriate adaptive action. Because of this
strong tie to motivation, Tomkins (1984) has considered emotions as amplifiers of
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The Search for Autonomic Specificity

ROBERT W. LEVENSON

Ask a group of people to define “emotion” and most will i

physiological activity in their definition. Test the phenomeriolll(l)cglil::c: ligﬁi: f:erlr):lllox(/)f
one feature’ at a time, query as to whether what is left is still “emotion ”’and foe
many, phys'lological activity will be revealed as a necessary (or perhaps’the ne’ce :
sary) condition for emotion. Then ask this group whether the same physiolo ic:li
changes occur when they are angry as when they are happy, when they are sagd as
when th‘ey are disgusted, and almost all will say no. There is a belief in the general
Populatlon in emotion-specific physiological activity, and small wonder. S egciﬁc't
in the physplogy of emotion is manifest in many observable ways ‘Crp in, (lai
activity mediated by the parasympathetic branch of the autonomic nervc;us systfm) i
often seen when people are sad, sometimes when they are happy, but almgst neveli
w}.xeq tl.xey are angry or disgusted. We have sensations of warmth (v:/hich are mediated
primarily by ‘the sympathetic branch of the autonomic nervous system) when we are
angry, sometimes when we are happy, but almost never when we are afraid. Our ver
language bespeaks a belief in emotion-specific physiological activity. es;;eciall ii,l
the Ir.letaphors we use to describe our feelings. We use metaphors of I;ressure (ey
blowing your top) and heat (e.g., blood boiling) when we talk about our an gé;
(Lakoff, 1987; Kovecses, 1989), but rarely, if ever, when we talk about other emotic%ns
such as sadness, disgust, or happiness. Of course, all this folk wisdom and linguistic

n
g 5 1

The Autonomic Nervous System and Emotion

In examining the currer}t state of our knowledge in this area, I will be limiting my
comments to ’Fhe q'uestlon of emotion-specific activity in the autonomic nervous
system, a physiological system intimately tied to emotion.

Is There Emotion-Specific Physiology? 253

The autonomic nervous system is a complex and highly differentiated constituent
of human physiology. Among its many functions, two stand out. First, there is its
regulatory function, operating to maintain a stable and consistent internal bodily
milieu. This role as the “guardian” of homeostasis is the function most often
emphasized in textbook accounts. The second important function of the autonomic
nervous system is to provide support for behavioral demands; this role as the
“disrupter” of homeostasis is arguably the function that is most relevant to emotion
and most readily accommodates the notion of emotion-specific physiology.

Viewed in light of this second function, the argument for emotion-specific
autonomic activity is a simple one. If the primary purpose of emotion is to organize
efficiently and rapidly the organismic response to changing environmental demands,
and if part of that response is the mobilization of appropriate adaptive behavior, then
one would expect that some activation of the autonomic nervous system would be
necessary to support that behavior. Whether or not this autonomic response is
reliably different for different emotions depends on the answer to two different
questions: first, whether or not the different emotions reliably call forth different
patterns of behavior, and, second, whether or not these different behaviors require
different configurations of autonomic support.

The first question can be exemplified by asking whether patterns of behaviors
such as “fighting” and “shutting out” are equally likely to be called forth by all
emotions or more likely to be called forth by some emotions than others. The
equiprobability notion seems inconceivable to me; “fighting” is much more likely to
be called forth in anger, while “shutting out” is much more likely to be called forth in
disgust. Neither behavior pattern seems very likely to be called forth in happiness or
sadness. The second question can be exemplified by asking whether a behavior such
as “fighting” requires the same kind of autonomic support as does a behavior such as
“shutting out.” Again the notion of autonomic sameness seems farfetched.

Completing the logic of this functional analysis, if certain emotions are most
closely allied with certain behavior patterns, and if different behaviors require
different kinds of autonomic support, then there is a basis for some amount of
emotion-specific autonomic activity. Assuming that the need for rapid mobilization is
such that assemblage of the physiological support must be initiated before the
behavior is fully manifest, it should be possible to find evidence of emotion-specific
autonomic activity in the laboratory even under conditions in which the prototypical
behavior never actually occurs. Thus, autonomic changes conducive to fighting
should be seen during anger even if the subject never actually engages in fighting.!

Difficulties in Studying Emotion-Specific Autonomic
Nervous System Activity

Studying emotion-specific autonomic nervous system in the laboratory is rife with
problems—some soluble, others almost intractable (Levenson, 1988). Difficulties
begin when we attempt to produce emotion. Ethical considerations place limits on the
kinds of elicitors that can be used and, as a result, most emotional stimuli used in the
laboratory do not produce very intense emotions. Further, many laboratory stimuli
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produce multiple emotions (either in blends or i
. . S Or in sequences); this gre i
the tcz;:lllc of studying the physiology of single emotions. greatly complicates
S er problems are 1nh§rent in the very nature of emotion and the autonomi
e ous system. Most emotions are brief, and thus it is easy to miss them Wh‘;c
ther;)essﬁgnoc}npllllla){ hlave so?fh cachet in the realm of self-report, it has little vaiiditylifl
ysiology; if the autonomic activity associ wi i
. ' . ciated with a brief emoti
:Eif,(t)i(:; is nc;):}:ecorded when it occurs, it is forever lost. Temporal matching bett;(/):ea1
and the associated autonomic nervous s ivity i §
; ‘ : ystem activity is crucial. The a
:f)u:): éllervous systfam is not the exclusive servant to emotion, it is constantly res ;1;31'10-
¢ er metabolic demands, homeostatic needs, and certain cognitive and eIr)ce tmfl
Eeri:,esses. One' mus.t extract from this flux those moments when the Eutong "
SpeCiof;le Zz:tem is actlgg primarily in the service of emotion. In the study of emotiI:)lrllc
onomic activity, those moments are the si i urth i
utc , signal; all else is noi
spect ‘ ) oise. F -
Const;i :tvil(t)hln the tauiconctl)mlc nervous system, different functions (e.g Vascugr
n, sweat gland activity) have different 1 i fFer
. . ‘ atencies of onset, diff
tions of action, and different cou ing the o
‘ s rses of offset, thi icati
I , thus further complicating the temporal
Individual variation
presents challenges as well. A stimul
o . , ‘ . us that produces di
Wh?fhs:b]ecfts might amuse the hundredth. Thus, care must be takP;n to dete;:r%;lns t
e indrili(;glcl):l or emotions, if any, were produced in each subject. Subjects may als:
response stereotypies, which are idios; i
have in , yncratic patterns of autonomi
perv Osthseyrsste;rili grg/tsionsehgeﬁ., some may have highly reactive cardiovascular sy;c
, ave highly reactive sweat glands). Subj i
tory with very different attitud i s, A Subjocts chentciem o
tory w es and underlying moods. A subject’ ici
irritation at having to be in an experi rofour iloenre o pe
periment could have a prof i i
rriation at havin ‘ profound influence on his or
ponses to an experimental sti i i
Jer autononic p stimulus des;gned to produce a positive
And fi i
basnd | (natly there are thorny methodological problems inherent in establishin:
bas subjects rarely, if ever, aren’t feeling anything) and analyzing data (e :
O/ i pe
group averages have any meaning? How does one strike a balance between Typ%: i

and Type Il error when measuring a |.
A , . .
orge sber ot e g a large number of physiological functions during a

Autonomic Distinctions Among Emotions

Man - . . V

amogf d:rzlotl'ls propositions are l?andled about regarding autonomic distinctions

automg)mic a:)ulog'si.ic Perhaps most improbable is the notion that every emotion is
y different. It seems far more likely th: i i

auton : ikely at reliable autonomic differen:

- qu?:z' é)lt;f found between emotions for which the associated prototypical behavif)iz

areduted ::rentl.l And even among that smaller set of emotions so defined, it is quite

commo}; : teac gf them will be autonomically unique, sharing no f;atures in

. Autonomic uniqueness is doubtful becar ite di

coramon. Autor ‘ use quite different behavior

o :x‘;l;:nlt;] Zm;ﬂ?}f gerﬁl@ds on certain elements of the autonomic nervous sy:t:rin
, both fighting and fleeing are likely t ire in i ]

For e y to require increases in the

pply to the muscles. Thus, we would expect that anger and fear—whicgloa(;fal
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arguably associated respectively with these two behaviors—would both be charac-
terized by autonomic activity that increases the availability of oxygenated blood
(e.g., increases in heart rate, or in stroke volume). Of course, the muscles that are
involved in fighting and those involved in fleeing are somewhat different; thus we
would expect that anger and fear would be autonomically different in terms of the
patterns of vasodilation and vasoconstriction that regulate the flow of blood to
different muscle groups.

For the past 10 years, I have been involved in a series of studies of autonomic
differences among emotions. In most of this work we have studied four negative
emotions (anger, disgust, fear, sadness), one positive emotion (happiness), and the
emotion of surprise. We think we have identified a small number of fairly reliable
autonomic differences among the four negative emotions. We have also found some
differences between the negative emotions as a group and the positive emotion of
happiness.

In this research we have elicited emotions in several different ways. Most of our
published work has utilized two eliciting tasks (Ekman, Levenson, & Friesen, 1983):
(a) directed facial action task— subjects are instructed and coached to contract certain
facial muscles to produce facial configurations that are morphologically identical to
prototypical emotional facial expressions; and (b) relived emotions task— subjects
recall and relive emotional memories. Most recently, we have begun studying
autonomic differences among emotions that have been elicited by films or that occur
spontaneously during the interactions of couples in intimate relationships.

Autonomic Differences Among Negative Emotions

We believe we have identified four reliable differences among the negative emotions of
anger, disgust, fear, and sadness and have preliminary evidence for a possible fifth.

These are: (a) anger produces a larger increase in heart rate than disgust; (b) fear

produces a larger increase in heart rate than disgust; () sadness produces a larger
increase in heart rate than disgust; and (d) anger produces a larger increase in finger
temperature than fear (Levenson, Ekman, & Friesen, 1990). The possible fifth
difference is that sadness produces greater peripheral vascular dilation and greater
speeding of blood to the periphery than the other negative emotions (Levenson,
Ekman, Heider, & Friesen, 1992).

We have been able to demonstrate that these differences show consistency across
subject populations differing in profession (actors and students: Levenson, Ekman, &
Friesen, 1990); age (young subjects and subjects aged 71 to 90: Levenson, Car-
stensen, Friesen, & Ekman, 1991); culture (Americans and Minangkabau males
living in West Sumatra, Indonesia: Levenson, Ekman, Heider, & Friesen, 1992); and
gender (Levenson et al., 1990, 1991). We have also found that these differences show
consistency - across two modes of emotion elicitation (directed facial actions and
relived emotions: Levenson et al., 1991), and that they are consistent with findings
reported by a number of other investigators using the same and other methods
(Levenson, 1992).

Interestingly, these found differences are fairly consistent with hypothetical
functional models of autonomic change in emotion insofar as emotions such as fear
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and anger, wh.ich are thought to be associated with high activity/high metabcii
demand behaviors such as fleeing and fighting, are more productive (g>f auto e
changes that .would be supportive of these behaviors (e.g., increased hear’i1 2::13
;hap an emotion sucy as disgusF, \jvhich is associated with low activity/low metz—
oll1c demand behaviors. Associations of heat with anger and coolness with fi
which are often found in the metaphorical language used to describe our feeli:;lsr,

Autonomic Differences Between Negative and Positive Emotions

lV)Ze spent most of c()lur early efforts focusing on differences among negative emotions
cause we considered them to be most interesti i
sting theoretically and t
strongest test for emotion-specific aut i . o
' onomic nervous system activity. Thus
fo : . our
g)orf with positive emotions advanced more slowly. Currently, our best evider;ce is
r four autonomic differences between negati itive

gative and positive emotions: (a) an,

; : er

frtoduces 1larger heart rate accelerations than happiness: (b) fear produces lar(ggr hegart

ate accelerations than happiness; (c) fear i

; produces larger skin conductance i

creases than happiness; and (d) disgust i o incrosses

roduces i

i i o ; gust p larger skin conductance increases

. (il;r eari;;:r work may have begn hampered by using a very broad category of

copf tess. e are currently studying two varieties of happiness—amusement and
nten r.n‘ent—and. hope to determine whether the differences between the negati

and positive emotions are the same for both. s

Positive Emotions as Autonomic “Undoers”’

g)ne other reason we .have not expended as much effort studying autonomic differ-
fnces 1nvoly1ng pos1t1ye emotions is that there is reason to suspect that such dif-
pzr;rtl;ees ;mgil.t not e)‘u;t. In an earlier paper (Levenson, 1988), I speculated that
motions might not be associated with speci ’
itive pecific patterns of autonomic
iitllcxﬁlt.lortll:)ecause ;hey were not associated with behavioral adaptations that required
in the way of autonomic support. Thus, emoti
. ' : . , ons such as contentment might
gzltl bg associated VYlth any particular pattern of behavior, or if they are, it wouldgbe
oot ZZior cha_ractenzed by low activity, which would make little metabolic demand on
onomic nervous system. Instead of having distincti ic si
vo m. g distinctive autonomic signatures, I
plrl(?posed that positive ell}otlons might be associated with a state of phssiologic,al
g tlf:scc?nce, and that their primary function might be to “undo” the autonomic
pc 1.\;?t10n produced by negative emotions. In this model, the function of certain
ositive emotions would be to restore the organi its pr
: ganism to its pre-arousal state i )
efficient and rapid manner than i otiotis wors
would be the case if the negati i
allowed to run their natural course. getive emotions were
Levi{f:jnﬂlyg, 9;1()3 rIeptc;lrted our first experimental test of this model (Fredrickson &
n, . In this study, we induced fear in our subj i
‘ , subjects using a film stimulus
z?sd Fhen determlqed w}}ether the autonomic arousal associated with that fear would
sipate more quickly if they watched a film known to induce contentment than if
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duce sadness or neutral affect. Resulis indicated that the

they viewed films known to in
cardiovascular arousal associated with fear did in fact dissipate more quickly when it
neutral films. Thus, the

was followed by the contentment film than by the sad or
received some prelimi-

notion of positive affect as an efficient autonomic “undoer”

nary support. This matter is far from settled, however, and we are continuing to work

on this phenomenon.

Conclusion

now sufficient empirical evidence to reject the notion that all

emotions are autonomically the same. The available evidence lends some support to
to hypothetical functional models of

notions prevalent in folk beliefs about emotion,

autonomic changes in emotion, and to physiological metaphors found in the language

we use to describe our feelings. Whether the autonomic differences among emotions
ther others will also be revealed; whether the

are limited to those found so far or whe
differences found so far will generalize to additional modes of emotion elicitation,
itive emotions function as autonomic

1 believe there is

and the viability of the notion that the posi
«undoers” all await further research. Although I think it extremely unlikely that we
will find that most emotions are autonomically
continue to find support for the notion that som
guished on the basis of their autonomic characteristics.

distinguishable, I believe we will
¢ emotions can be reliably distin-

Note

1. Asserting emotion-specific autonomic activity on the basis of physiological support for
behavioral prototypes is just one of several possible functional arguments. A similar case for
autonomic specificity could be built on the basis of communicative signals in emotion such as
crying, sweating, piloerection, flushing of the face, blushing, pupil dilation, and blanching.

Given that each of these signals is produced by action of the autonomic nervous system,
emotion-specific autonomic activity is implicated to the extent that these signals are associated
with different emotions (e.g., crying associated primarily with sadness, blanching associated

primarily with fear).
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is little evidence. However, a plausible neuroscenario involves the amygdala, partic-
ularly the lateral/basolateral nuclei. As described, the lateral nucleus is the sensory
and cognitive port of entry to the amygdala. The lateral nucleus then projects to
the basal nucleus. The basal nucleus has several projections of interest: central
amygdala; striatum, including nucleus accumbens; neocortical association areas:
hippocampal formation. The projection to the central amygdala appears to be in:
volved in the expression of Type I responses and the other projections may contribute
to Type II responses. The direct projection to the nucleus accumbens, as described

appears to be involved in some instrumental responses. Inputs to the neocortex an(i
hippocampus may also enter into this. The outcome of emotional evaluation may be
routed to the neocortex and hippocampus and from these areas back to the striatum,
allowing very complex processing functions and circuits to participate in instrumen-
tal behavior that is emitted as a result of the evaluation of stimulus meaning by the
amygdala and expressed through the striatum.

In this scheme, the emotional reaction may have both voluntary and involuntary
components. To the extent that the emotional stimulus is one that the species has
developed specific response strategies to cope with, the initial reaction will be
fmtomatic and involuntary and the secondary reaction will be voluntary. In contrast,
in novel situations, where species-typical reactions are not available or appropriate,
voluntary control may be required; involuntary responses may also occur in the form
of displacement activities. To be effective, voluntary responses must be based on
information about the stimulus, the situation, and possible outcomes of actions. By
necessity, this kind of processing will utilize much of the cognitive capacities of the
organism and involve the polymodal and supramodal association areas of the cortex.
Involuntary, hard-wired responses eliminate the need for decision. They provide
tried and true patterns that tend to work effectively in certain situations and can be
executed with much less circuitry. Far too little is known about the interrelationship
between Type I and Type II circuitry at this point and we can only speculate as to how
the brain generates the integrated emotional response in a given situation.

Emotional Control: Variation and Consequences

ROBERT W. LEVENSON

Emotional control is quite ubiquitous. It is intertwined with the widest range of
human activities spanning normal and abnormal development: maintenance of the
social order; cultural convention; interpersonal bonding, power, and influence;
optimization of performance, and processes of health and illness. A great deal has
been written on the psychological and physiological consequences of inhibiting the
free flow of emotion—many of which are depicted as dire and unhealthy.

Varieties of Emotional Control

Emotional control can take many forms, which differ in terms of direction of control
(amplifying, inhibiting); number of emotions controlled (single emotions, multiple
emotions in blends or sequences); nature of the transformation (altering intensity
levels of emotions, substituting emotions for other emotions, masking emotions
with other emotions); locus of attempted control (antecedent conditions, subjective
experience, expressive behavior, physiology); volition (voluntary or involuntary);
awareness (conscious or unconscious); onset of control (prior to emotion, following
emotion); and target of control (our own emotions, those of others). Expanding this
matrix produces myriad possible forms, delineating a large research agenda if
emotional control is to be fully understood. '
To study emotional control successfully in the laboratory, we must identify
simple, ecologically valid models. For present purposes, I will focus on a very
common form of emotional control: suppression—the conscious voluntary inhibition
of expressive behavior beginning prior to the event that produces the emotion
and continuing throughout that event. Life is replete with occasions for this kind
of emotional control—situations in which we are motivated to inhibit the signs that
would reveal how we are feeling. We try not to cry when we are hurt by bullies.
We try not to laugh at pompous speeches, funerals, and the discomfort of others. We
try not to let others see our fear when doing so would risk engendering their
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disapproval or inviting them to harm us. We try to hide our anger when it is directed at
people we love. We dampen our contempt so as not to hurt or enrage others. We hold
back our disgust when confronted with the ravages of illness and injury, or when a
friend proudly serves us a special dish that revolts us.

I will also focus on one particular consequence of this kind of suppression—its
effect on the autonomic nervous system. The question, simply stated, is: When one is
emotionally aroused, does voluntary inhibition of expressive behavior increase,
decrease, or have no effect on the level of autonomic activation? This question goes to
the core of the relation between expression and physiology in emotion.

What Do We Know About Expression and Physiology in Emotion, and
How Much Is Relevant to Emotional Suppression?

As it turns out, we know a great deal about the relation between expression and
physiology in emotion; however, almost none of what we know is directly relevant to
emotional suppression as I have defined it.

Empirical studies of the relation between expression and physiology can be
divided into two paradigms: (1) studies of dispositional expressivity and (2) studies of
manipulated expressivity.

Dispositional Expressivity

In studies of dispositional expressivity, aspects of the emotion response are examined
in individuals who differ in how emotionally expressive they typically are. Research
in both the “internalizer-externalizer” tradition (Buck, 1979; Field & Walden,
1982; Funkenstein, King, & Drolette, 1954; Jones, 1935, 1950, 1960; Notarius &
Levenson, 1979) and in the “repressive coping style” literature (e.g., Levenson &
Mades, 1980; Weinberger, Schwartz, & Davidson, 1979) support the conclusion that
people who are characteristically unexpressive are more physiologically reactive than
those who are characteristically expressive.

Does this mean that the effect of emotional suppression is to increase levels of
physiological arousal? This is the precisely- the conclusion that is often drawn,
evoking metaphors of “hydraulic,” or “cathartic” models. Unfortunately, such a
conclusion is simply not justified. Dispositional studies of this sort do not establish
whether emotional expression is actually being suppressed. To assert that a person
who does not show a great deal of facial expression is actually inhibiting that
expression is a wholly unjustified leap of logic.?

Manipulated Expressivity

In studies of manipulated expressivity, subjects are led to control their emotional
expression and the effects of this control on other aspects of emotion are examined. A
number of different experimental paradigms have been used in this sizable literature,
with the two major variants involving either having subjects voluntarily construct
emotional facial expressions or having them exaggerate or diminish naturally occur-
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ring facial expressions. In a recent review of 21 studies in this literature, we (Gross &
Levenson, 1993) concluded that with only four exceptions, these studies all failed to
provide a direct test of the physiological effects of emotional suppression because
they: (1) did not arouse emotion in some way independent of the facial manipulation;
(2) did not have subjects inhibit expression at all; or (3) did not measure physiology.
Among the four exceptions,’ the general finding was that inhibiting expressive
behavior led to lower levels of physiological response.

New Studies of Emotional Suppression

We recently initiated a series of studies using a methodology that we believe will
yield more definitive data regarding the effects of suppression. In designing these
experiments, we rejected three assumptions that have been tacit in much of the
existing work. First, we did not assume that the effects of suppression would be the
same for all emotions; second, we did not assume that the effects of suppression
would be the same for all aspects of emotion; and third, we did not assume that the
physiological effects of suppression would await the start of the emotion-eliciting
event. Thus, we planned to examine the effects of suppressing several different
emotions; we measured the effects of suppression on subjective experience, expres-
sive behavior, and physiology; and we measured physiology before and during the
emotion-eliciting event.

Our experimental paradigm was simple. In the “no-suppression” condition,
subjects were told that they would be seeing a short film; in the “suppression”
condition, they were told that they would be seeing a short film and they should
behave so that a person watching them would not know that they were feeling
anything.

Studies of the Suppression of Disgust

Our first two studies were identical expect for the gender of subjects—the first
conducted with males, and the second, a year later, conducted with females (Gross &
Levenson, 1993). The stimulus film used in these studies portrayed a surgical
amputation of a limb, which we had established as a reliable elicitor of both the
subjective experience and facial expressions of disgust.*

Expressive Behavior. Subjects were clearly able to reduce the visible signs of the
emotions they were feeling, as indicated by less overall facial movement and less
disgust expressive behavior in the suppression condition than in the no-suppression
condition. However, subjects could not totally eliminate all expressive signs of
disgust. Furthermore, there was some “leakage” to another part of the face; suppres-
sion was accompanied by an increase in the rate of blinking.

Subjective Experience. Inhibiting the facial signs of emotion had no effect on the
intensity of the subjective experience of disgust.

Autonomic and Somatic Physiology. When subjects inhibited the visible signs of
emotion, they also reduced their overall level of body movement (both as coded by
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observers and measured by a motion sensor). Along with this reduction in bodily
movement was a slowing of heart rate. This is consistent with the oft-observed
coupling between somatic and cardiac activity, which is primarily mediated by the
parasympathetic branch of the autonomic nervous system (Obrist, 1981). Thus far,
the effects of suppression could be characterized as a lowering of the level of
physiological activation, a finding comparable to the conclusions drawn from the
four previous studies that we considered as adequate tests of the physiological
effects of suppression.

However, elsewhere in the body, the effects of suppression involved a heightening
of the level of activation. This was manifest in greater constriction of the peripheral
vasculature, more pronounced shortening in the time it took the pulse pressure wave
to travel from the heart to the finger (a sign that arterial blood pressure had risen), and
greater electrodermal activity (i.e., increased skin conductance).’ All these changes
are consistent with the notion that suppression produces heightened activation of the
sympathetic branch of the autonomic nervous system.

Sex Differences. There were no sex differences in the effects of suppression. Men
are often said to control their emotions more than women, but, based on these
findings, the effects of suppression, when it does occurs, appear to be the same
regardless of the sex of the suppressor. '

Temporal Course of Suppression. Most studies of emotional inhibition have only
examined the responses that occur during the emotional stimulus. We were also
interested in the preparation for suppression. Examining the period after subjects
were told that they would be asked to inhibit visible signs of emotion, but before the
film actually started, revealed that two signs of sympathetic nervous system ac-
tivation—increased constriction of the peripheral vasculature and increased sweat
gland activity—actually began appearing prior to the start of the film.

“Stonewalling”: A Possible Naturalistic Analog of Suppression?

John Gottman and I have long been interested in the tendency of husbands to
withdraw emotionally from conflictive marital interactions (Levenson & Gottman,
1985; Gottman & Levenson, 1988; see also Christensen & Heavey, 1990). Recently,
we conducted an investigation of a particular variant of this behavior, which we
termed “stonewalling” (Gottman & Levenson, 1993), that occurs when a spouse is
subjectively experiencing negative emotion, but provides none of the behavioral signs
that usually accompany those feelings. Examining the laboratory interactions of 79
married couples who were trying to resolve a marital conflict, we identified incidents
on the basis of observational coding of the following behaviors: (1) no vocal or
nonvocal backchannels—these are behaviors such as saying “uh huh” and head-
nodding, which, when present, convey to the speaker that the listener is attending; (2)
no facial movement; and (3) not looking at the speaker. We found that these behaviors
were associated with: (1) highly negative subjective emotional experience; (2) low
levels of bodily movement; and (3) high levels of electrodermal activity. Although
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husbands were more likely to stonewall than wives, the physiological effects of
stonewalling were the same for husbands and wives.

I would argue that stonewalling is an interpersonal variant of emotional suppres-
sion. When spouses feel emotionally negative, inhibit facial movements, and reduce
overall bodily movement, they are spontaneously producing a state much like the
state we produced experimentally in our suppression studies. And, as with subjects in
those studies who were asked to inhibit their expressive behavior, stonewalling
spouses showed increased levels of sweat gland activity, an autonomic function
thought to indicate behavioral inhibition (Fowles, 1980).

Emotional Control: Implications and Consequences

Our studies of suppression and stonewalling (and related research by others) indicate
that people are quite adept at inhibiting the behavioral signs of emotion. Although
they might not be able to do so completely (especially when the emotion is strong),
and although there might be some “leakage” into other behavioral signs (e.g.,
blinking), the reduction in visible manifestations of emotion can be quite dramatic.

Our studies suggest that reducing the visible signs of emotion is not an effective
way to reduce the subjective experience of emotion. In our suppression studies, the
feelings elicited by the emotion-¢liciting films were undiminished in the suppression
condition; in our study of marital interaction, stonewallers continued to report
feeling quite negative.

In our studies of suppression of emotional response to a disgust-eliciting film, we
have found the physiological sequelae of suppression to consist of two quite different
kinds of autonomic effects. First, there is a reduction in somatic activity and an
attendant reduction in heart rate, which we believe is parasympathetically mediated.
Second, there is an increase in vasoconstriction, an increase in the rate of blood flow
to the periphery, and an increase in sweat gland activity, all indicating heightened
sympathetic nervous system arousal. These findings point to the limitations of models
of emotional inhibition that focus exclusively on increased sympathetic nervous
activity (e.g., the model proposed by Cacioppo et al., 1992).

Why Is There Both Parasympathetic and Sympathetic Nervous System
Activation During Suppression?

T have already indicated that we believe that the slowing of heart rate associated with
emotional suppression is a parasympathetically mediated consequence of the reduc-
tion in somatic activity manifest by subjects in the suppression condition. But why, in
the face of reduced somatic activity and its attendant decrease in metabolic demand,
are there such clear signs of sympathetic nervous system arousal in other cardiac,
vascular, and electrodermal systems?

One possible explanation is that the emotion that is being suppressed continues to
recruit the same kinds of sympathetic nervous system support that it would if it were
fully manifest. I do not believe this the case.®
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Instead, I believe a more viable explanation for this sympathetic nervous system
activation is that inhibiting the visible signs of emotion involves real work, and that
this work makes significant metabolic demands. As I indicated in my answer to
Question 4, emotions call forth powerful motor programs that mobilize activity in the
muscles of the face, the trunk, the limbs, and other parts of the body. These motor
programs enable the organism to adapt rapidly to the environmental demands that
provoked the emotion. To eliminate the visible signs of emotion, emotional suppres-
sion likely mobilizes “bracing” and “braking” actions that attempt to hold these
emerging somatic aspects of emotion in check. Thus, the observed heightened
sympathetic activation (in sweat gland activity, pulse velocity, and vasoconstriction)
is an indicator that such inhibitory work is being done. That some of these sympa-
thetic nervous system changes occur prior to the commencement of the emotional
stimulus, lends further credence to this “bracing” explanation.

Implications for Health

There is nothing inherently unhealthy about activating the autonomic nervous sys-
tem. Physical exercise produces high levels of autonomic nervous system activity,
and these are thought to be health-promoting. This begs the question of why emotion,
which can also produce high levels of autonomic nervous system activity, would not
also be health-promoting?

I would argue that there is little reason to suspect that the autonomic activity
associated with emotion has any untoward health outcomes except when one or both
of the following two conditions are met: (1) autonomic arousal is sustained and
chronic; and (2) autonomic arousal exceeds metabolic demand. '

Chronic autonomic reactivity has historically assumed a prominent role in
etiological models that link psychosocial and emotional factors with early disease
processes and with disease onset (e.g., Holroyd & Gorkin, 1983; Jemmott & Locke,
1984; Krantz & Manuck, 1984; MacDougall, Dembroski, & Krantz, 1981; Miller,
1978; Obrist, 1981; Steptoe, 1981). Recent studies of the effects of social stress on the
development of atherosclerosis in monkeys (Kaplan, Pettersson, Manuck, & Olsson,
1991) provide strong experimental support for these notions.

As for the second condition, the notion of “physiological arousal in excess of
metabolic demand” is a powerful explanatory construct. When people are running or
engaged in other forms of aerobic exercise, a metabolic demand is created that is
appropriate for the level of increased cardiovascular activity engendered by these
activities. If this same level of cardiovascular arousal were produced when the person
was relaxed and sitting still, then the arousal would be in excess of the metabolic
demand. Similarly, when we act in the service of our emotions, the “motor pro-
grams” (Frijda, 1986) that are associated with different emotions create a level of
metabolic demand that is appropriate for the level of arousal. If our emotions are
aroused along with their attendant autonomic activation, and we do nor act—because
of some voluntary inhibition (as in suppression or stonewalling), some external
restraining circumstance, or some involuntary, characterological or pathological
inhibition—then there will not be a level of metabolic demand that is sufficient to
accommodate the heightened physiological arousal.
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The damaging effects of physiological arousal in excess of metabolic demands
can be illustrated by simple analogy. Assume an old garden hose has several places
where the rubber has become thin and brittle. No matter how high the w.ater pressure,
the hose will continue to function without damage as long as water is removed as
powerfully from the distal end as it is pumped into the proximal e.nd. If, however, th.e
pumping force becomes greater than the extracting force, reflecting that less water is
needed than is being pumped or that the hose has become blocked, the chances for the
hose rupturing at one of its weak spots increases. And the likelihood of damage unde_r
these conditions is greatly increased the longer and the more often the water is
turned on. ' .

This crude hydraulic analogy notwithstanding, is there any evidence that chroplc
emotional inhibition is actually associated with negative health outcom§§? One line
of inquiry that is relevant to these issues suggests that behavioral inhibmon. (opera-
tionalized as not disclosing traumatic events) can have unfavorable effects on immune
system functioning and on physical health (Pennebaker & Beall, 1986; Pennebaker,
Hughes, & O’Heeron, 1987; Pennebaker, Kiecolt-Glaser, & Glase‘r, 1988a, 198$b).
Although in no way settling this issue, these findings are certainly provocative,
suggesting that certain kinds of emotional inhibition may well have adverse health
consequences.

Notes

1. My response to this question draws on the work of James J. Gross, a doctqral student in
my laboratory with whom I'have been working collaboratively in the area of emotional control.

2. Cacioppo, Uchino, Crites, Snydersmith, Smith, Berntson, and Lang (1992) offer
similar criticisms of the failure of such studies to actually test the “hydraulic” model. They then
offer an alternative model based on dispositional differences in the “gain” of physiological and
expressive channels. Unfortunately, they have not yet provided an empirical test of their model,
or of the alternatives they criticize. .

3. The exceptions involved suppression of expressive Tesponses to electric shock (Colby,
Lanzetta, & Kleck, 1977; Lanzetta, Cartwright-Smith, & Kleck, 1976); amusing films (Bush,
Barr, McHugo, & Lanzetta, 1989); and pleasant and unpleasant films (Zuckerman, Klorman,
Larrance, & Spiegel, 1981). .

4. For his dissertation, Gross has recently completed another study using the same
paradigm to examine inhibitjon of the visible signs of emotion with film stimuli kIlOWX'l to elicit
two other emotions: amusement and sadness, and a film known to elicit a neutral affective state.
The results of this study should help answer the very important question of whether the effects
of emotional suppression are consistent across emotions.

5. In Fowles’ (1980) adaptation of Gray’s two-factor learning theory, incr§ased electrgder—
mal activity is viewed as indicating activation of the “behavioral inhibition system. . We
consider emotional suppression as operationalized in this study to involve a form of behavioral
inhibition. .

6. A critical test of this explanation will be provided by our studies of the suppression of
emotions other than disgust. Assuming some degree of emotion-specific autonomic nervous
system activity (as I have posited in answer to Question 6), then if the suppressed. e.motlon
continues to recruit its characteristic pattern of autonomic nervous system act1v1.ty, we
would expect the physiological effects of suppression to be different for such emotions as
disgust and sadness.
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