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Emotion, Emotional Expression, and the Cognitive-P%ysiological .

Interaction: A Readout View

Ross .Buck
. . _ University of Connecticut

Y

From the time ¢of the Greeks, Western thought' has distinguishea between

rational processesrunzque to humans and the précesses .governing an1ma1 be- +
’ (cf. Cofen « Oppley, 1964). o

havior, Both Plato and'Aristotle denied "ratlonal souls" to animals, but

4

-

they granted them lesser souls capable of caring for basic bodily functions’

Following them, St. Thomas Aquinas equipped animals with 4 "sensitive soul"

and humans, in additiqn, with a rational soul. Descartes' dualism was sinfi-

larly grounded in the distinction between animal behavior, which could hs

accounted for by mechanical forces, and human behavior which' was partly me-
\ .
chanical but partly influenced (via the plneal gland) by a non-mechanical soul.
. (1v%s)
Gilbert Ryle has termed this theory the "dogma of the ghost in the machlne."

v

Related to this view is the notion that "right conduct' involves the control

P

of the animal passions through knowledge and reason (although through Western

r
history there has been a consistent group of deviants who glorify the passions).

bart of the revolutionary impact of Darwin's theory was that it' challenged

~

the long-standing conviction that humans have a rational soul that is absent
in animals. Most psychologists have accepted‘this notion, and regard humans
'y

as compllcated animals, and that is perhaps accufate. However, there is one

th1ng that all groups of human animals have that no otlier animals have, and

fha% is language. (Washoe doesn't count.) Only in humans does’behav1or come
so completely under the control of factors that are mediated by "language, in-
cluding logic, reasoning, and social rules. I think thit this fact"is at the

AT

crux of the topicr of this symposium, Human motivation and emotion are based

-
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.. upon biological systems, as they are ig§ all animals, In both humans and. ) !
, .

animals, 1eaining and cognitive factors build up an internal representation
of reality which influences these motives and emotions, This kind of cogni-

‘tiVé;emotional intergctiop is clearly not unique te“huméns._.What ii_uniqhe
to pumpns is language, which has created a culturally patterned syst;ﬁ of
. behavior‘céntrol that is functionally independent of biology, and funda- . .
oo mentally different from any;hjng seen in animals. -
how I said that Wasﬂoe doesn't couﬂp, and I should clarify that. I'm
not séying that there's a fundamént;1 biological gap between humans and
rf . animalL-lthat clearly isn't the case. I'm not saying that‘animals can't

learn langﬁage.‘ Maybé they can, 'I am saying that if an animal did learn

language it would cause a fundamental change in the animal's behavior,rbe-

. . v

T cause the behavior .\;:c_)uld s be controlled by a different sort of structure-- .
'g different principle of organization--on top of the old. You hight use ‘

[N

Aquinas' terms and say that the original 5rinc}p1e of organization was ''sen-
S~ 4 - . ’

sitive" and the added principle is "rational," There are worse descriptors.
(I wouldn't use the word "soul," .though. You'd never get published in amr .

s ¢

APA journal.) . ' : . - :

In this paper, I will present a model of motivation, emotion, andrthé ) ;
cognitive/physiological interaction that can be applied to both animals and

humans, and then return to the special implications of language. The moded

is summarized in Figure 1. 7

s

-
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Insert Figure 1 about here )
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The Primary Motivatiénal/Emotional Systems

’

Defining Emotion

r
! *

e s oo s

This point of view is based upon several propositions which, since Sylvan

Tomkins! pioneering work (1962, 1963),'have been widely accepted: (a) that

B 4 -
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emotion is ultimately based upon activity in neurochemical systems

-

central nervous sysgfms, (b) that these systems are the product of evolution
,gn% as such reflect survival requirements within each species, and (c) that

activity in these systems is modifiable QéEJearning. These major elements

. appear in a number of recent theq;ies of emotion, including Ekman and Friesen's
/

(1969 ) neurocultural.théory and Izard's (1971; 1977) evolutionary-developmental

view, These theories however regard emotion as consisting of a few primary

.

affects or fundamental emotions, -and they distinguish between these emotionms

.apd motivational states or drives such as hunger, thirst, and sex.

PP
b 4

them, I propose that motivation and emotion are both aspects ©f the same

underlyfng process: primary motivational/emotional systems or PRIMES (Buck,

1976; iﬁ‘press).

\4

I assume that PRIMES are based upon neurochemical'systems in the central

nervous system, and that reflexes, instincts, drives, and primary affects are

- A

all examples of such'systems at different levels of organization. I ¥egard

PRIMES as having both motivational and emotional aspects in which emotion in-

volves the '"readout' of a motivational étate, and that there are three funda-

the homeostatic/adaptive functions.

mental types of readout: readout in homeostatic/adaptive functions, readout

- in expressive behavior, and readout in subjective experience.! Let's begin. with

Adaptation and homeostasis. I aSSumé that the PRIMES evolved to serve the

Y

P

basic functions of bodily adaptation and the maintenance of homeostasis., Orig-
inally, these functions occurred automatically, without the necessity to con-
a ”~ >

sider other organisﬁs or the nature of the environment. The temperature and

i chemical balances in the primordial environment were life-sustaining by their

the organism must die.
Q

very nature. Even noWw, in simple organisms, q§sentf51 nutrients are provided |

§ almost as automatically as oxygen is provided to us.' If the supply is cut off,
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-~ As species evolved and became more complex, there was a corresponding
LN N ‘
. L] L] - - -. -
increase in the complexity of the systems involved in adaptation and homeo-

stasis. The autonomic and endocrine systems evolved to serve such functions
+ as respiration, digestion, temperature regulation, etc., as well as basic

[y

emergency "fight or flight'" responses to threat, stress and injury. The spe-

|-t .

cific motivational/emotional systems that evolved with a given fpecies were
tuned to the partigplar requirements of thaf species, Because’of similarities‘
in species requirement$ within the earth's ecosystems and relationship between
species duriné the course of evolution, some motivational/emotional systems

are relativély uéiversal. Examples include the needs for food, water, and

oxygen in animals. Othe?ﬁ are specific to the particular species.

Social coordination. The second major kind of readout involves external

expression in the service of social co-ordination. Perhaps the most basic

motivational/emotional system that went beyond a solitary, virtually altomatic
_homeostatic process involved sexual reproduction. Successful sexual repro-

duction ordinarily requires a coordination of behavior wf{h another organism,
and it cannot therefore be an entirely internal affair. Communication me-

chanisms must exist which must involve signals which are sent by one organism

and received by another, which identify potential mates, attract them to éach
. other, and encourage the process of courtship and mating.

In highly social species, it became important for individuals to signal

ceftain motivational/emotional states to each other peyond purely sexual
signals.(Darwin, 1872). This led to the evolution of, for example, the ‘com-

plex chemical communication system of ants, gestures of dominance and sub-

' mission in many species, and a wide variety of facial expressions and calls in

primates (cf. Andrew; 1963). ) a

s e s amn
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Subjective Experience and Emotion

[
relatively "automatic" sorts of emotional functioning. Neither of these

|
i
Visceral/skeletal muscle feedback. Thus far we have.considered two i
|

necessarily involves much in the way of cognitive mediation or involvement, .

and they do not require consideration of intention and planning. Both kinds

-

of processes can be seen at work in the very simplest of creatures. At the
same time, it is possible that both of these kinds of emotional responses

can be the source of a kind of subjective experience of emotion. As the

- .

James-Lange theory suggests., our perception of feedback from our Visceral
and/;keletal muscle responses to emotion may contribute to our subjective ex-
perience of emotion., However, although there is evidence that both visceral

and facial/bodily feedback may contribute to some kindé of emotional experi-

ence, it appears that neither is necessary or sufficient for all kinds of

emotional experience. ‘ T '

-

Cognitive-physiological interactions. Another possibility, suggested

o in 1927 by Bertrand Russell, is that cognitions arising from the responder's
understanding of the emotional situation account for the quality and speed um

of the emotion experience. This potign'is basic to Schachter's (1964) self-

attribution theory of emotion.

¢ v

This "interactionist" viewpoint is powerful and able to integrate much

of the research on emotion (cf. Buck, 1976, pp. 46-49). However, it cannot
]
easily deal with certain observations that have been made on humans with
brain disorders and/or implanted brain electrodes. Apparently irresistible R

- and uncontrollable feeling states have been reported from brain stimulation -

to certain portions of the limbic system which bear little relationship to
--

l
}
I
\’
|
g
|

} of a young woman who was stimulated in the region of the'amygdala via tele~

the external situation. For exaﬁple, Mark:- and Ervin (1929) report the tase




<
metery while she was quietly playing a guitar, who suddenly and violently

smashed the guitar ag%inst the wall. Similarly, Heath and his colleagues

have found that stimulation of the septal area in humans is often associated

. . ’ . ’ ) ) «
with subjective reports of unexpected pleasure in depressed patients who

cannot expldin its origin (Heath, 1964). ’

Direct cmotional experience. These and ogper observations indicate that

apparently complete and well integrated emotional states, involving appro-

-

priate expressive behavior, instrumental behavior, and self reported experi-

-

ence, can be created via brain stimulation and via diséases which affect cer-
tain brain centers- (cf. Buck, 1976, pp. 7%-108; 182-190). the strongest of

these effects seems to involve the limbic system. This suggests that emotion

S )

experience must to_ some extent be a direct function of neurochemical activity

in relevant brain regions. -

s’

It could be argued that such a direct '"readout'of emotion into conscious
experience may have evolved in”a way analogous to the evolution of emotion dis- ¢
plays in social species. ‘épecifically, it may be that it. is useful for 2

creéﬁﬁre with significant cognitive capaéities to have a direct knowledge of

the state of certain of its own primary motivational/emotional systems, just

as it is useful for a social animal to have knowledge of certain of the moti-

vational/cmotional states of its fellows. Note that this reasoning does not
~—— d ;

apply to aLl motivational/emotional states. Nature is frugal, and provides

displays only of motivational/emotional states which must be dlsplayed i.e.
ones that are useful for survival, For example, Tomkins noted that the lack

~

of air leadss to very strong subjective reactions in humans but a lack of

oxygen does not. A lack of oxygen, or anoxia, was never a significant threat

in the evolution of the human species, so that although there are bodily .
responses to oxygen deprivation, these are not experienced‘in'consciouQnegs

as threatening, and in fact gradual anoxia may lead to 'euphoria. . -

\
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Emotion as Readout

*and cognitive functioning.

*

Types of emotion. In essence, I am:suggesting that emotion’i

a kind of running progress report or "readout! of motivational mec

The most basic kind of readout, "Emotion I," involves homeostasis and_ '

L -~
adaptation and takes place via the autonomic and endocrin€ systems. In the

’

case of anoxia, only these kinds of responses occur. The" second kind of

»

readout, "Emotion II," is the/external display of the state V1a ritualized
dlsplays. chemical odors, bodily postures, fadial expre551ons, color changes,
etc. These displays occur only in social spec1es,and only with motivational/

- hd - - - - -
emotional states whose display is useful to social coordination and . thus to

- .

survival. The third kind of readout, "Emotion III," involves the direct ex-

Y

. . . . o X
perience of the state of certain neurochemical systems in consciousness, It

occurs in species with‘significant cognitive capacities and functions to
allow the cognitive system fast and easy access to the current state of rele-
vant neurochem1ca1 systems: Thus it should be useful for a creature with
important cognitive capacities to be aware of its need for food, drink, and

air, as well as the state of its own tendenc1es toward fight, f11ght and

courtship. Such awareness could constltute a "feedforward" mechanlsm, whlch

allows a creature to anticipate homeostatic deficits before they actually

occur (cf. Mogenson and Phillips, 1976).

Types of emotion responses. Different kinds of emotional behavior are

d1fferen/z//iy relevant to "Emotions I, 11, and III." Autonomic and endocrine

measures are clearly-most relevant to Emotion I, and shoula reflect most closely
. PR

the state of adaptatlon and homeosta51s.__Expre551ve behaviors such as facial’

expressiong; gestures, and postural shifts, are most relevant to Emotion II,

although they mdy also be influenced by display rules which reflect learning

"y <
Instrumental. or goal-directed behavior is most

L

relevant to Emotion III, as are voluntary self-reports of subjective ex-

periente. '

; AN
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A ggneral mode of emotion. Figure 1 illustrates this hodel}of emotion,

which includes these four kinds of emotional responses and their hypothesized
- '

Ll

.

-Insert Figure 2 about here

4

relationships with Emotion I, II, and III processes. The-model assumes that

internal or external affective stimuli impingé on the PRIME systems directly,

_without cogn1t1ve mediation (cf, Wllson, 1979; Kupst-Wilson and Zajonc, 1980).

The response of these systems depends upon the1r current state of arousal

and also their arousability, or capacity to become aroused (Whalen, 1966).

The response to affective stimuli is also a function in part of the indi-

vidual's relevant learning experiences. The latter may involve classically
]
conditioned associations as well as direct or vicarious social learning ex-

periences abogt the affective stimuli. ngethgr, the responsiveness of the
neurochemical ;ysyems and the_individual's relevZnt learning experiences,
determine the impact of t;e affective stimulus for that particular-person
in that particular situation. ( \

This impact is felt at both cognitive and emotional levels. On the emo-

[

tional level, adaptive/homeostatic processes are activated (Emotion I), spon-

. taneous expressive tendencies occur (Emotion II), and subjective experiences

-

3

)

occur, both directly from the activation of %he motivational/emotional systems

(Emotion III) and indirectly via visceral a#d proprioceptive/cutaneous feed-
back (dashed lines). On the cognitive level, work by Schachter (1964; 1968;
1970) Lazarus (1966) and others suggests that the 1nd1v1dua1 "labels" or
"appraises' the affective stimuli on the basis of past experience, the pre-
sent situation, and the present subjective emotion experience. Once the
7}imu1us is appraised or labe;;d, éhe individual ﬁéﬁ d basis for making

appropriate goal-directed instrumental '"'coping" responses and self-reports

describing the subjective response to the stimulus. These overt responses

-

- 10 '

N
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will be afféctgd by "display rules" in that the individual will only maﬁé

responses that are appropriate in that situation and may not respond accord-
ing to his or her "true feelings." Such display rules may ;Igo interfere
with spontaneous exﬁressive behaviors (Ekman and Friesen, 1975). The labeled

motivational/emotional state may'at the same time itself become an internal

»
.

affective stimulus, beginning another cycle of response. I might mention
that there is evidence that the events occurring in the upper part of Figure
1 may be particularly é;soc{ated with left hemisphere {yﬁctioning, ;ndvevents
in the lower part with right hemisphere functioning, Robert Duffy and I
found evidence that right hemisphere d;maged’patients have deficits in
communication via spontaneous facial eXpression, while left hemisphere

r
damaged patients may be even more expressive than ‘non brain-damaged patients

. (Bvek + DufEy, 11€3)

‘due to the loss of display rules, That evidence has recently been replicated

by Jean Borod and Elissa Koff (1182).

~ ’ \

.Language and Emotion

-Now let's get back to language. The gh6§t in the machine, You might
all take your pencil and draw in a ;?Itle Pac-Man monster ﬁpmewhere in ;gé -
cognitive system and label it "ianguage"--the ghost in th; machine. But’
langﬁagé of course isn't ghostly. 1It's simply a different p}inciple of
orgaﬁization. The “important thing is that the principles of organization
inherent in language are functionally independent of the principles of.or-
ggnizatipn inherent in this model of the cognifive/physiological iﬁteraction.

The model is meant to describe‘motivational and emotional phenomena,
that ar; found in both humans and animals: Languaée involves something more

- . it ihvo|ves'
than a simple elaboration of the cognitive/physiological interaction;&a

different principle of organization. For example, from a developmerital

point of view, the human child must undergo a process of "emotional educa-

»
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tion" that is qualitatively different from-the learning about emotion that

)
occurs in animals. PiagetAhas shown how the process of cognitive develop-

ment involves the spontaneous restructuring of the'child's experience with ]
external physical reality. The same kind of processes must occur in emo-

+
~

tion education--children experiehte emotional phenomena just as they experi-,

" ence physical phenomena; they have subjective experiences, they have access

. ,
to emotional expressions and behaviors and occasional reports of subjective

experience in others, they note, the responses of others to t?efr own emo-

‘tional expressions and behaviors. Our knowledge about emotional education

reasons human beings are so drawn to dramatic productions--even when such
' ¢ *

» .

»
productions involve unpleasant content--is because dramatic productions in-

volve umisual access to the feelings and motives of others. Therefore, ,

they are intrinsically motivating since, like incompletely assimilated ex- .

i

|

l

1

is virtually nil;'no one has studied it. However, I suggest‘that one of the 1

1

1

|

i

|

|

|

periences in Piaget's theory, they encourage the prbcess of emotion educa- |
-~

v !

)

. tion. Through them one gets to kamow how it feels to be a king, a sain%{/

. hi N
a jet pilot, or a werewolf. :

I have argued that lénguage makes humans differentvin fundamental ways [

from animals, because it allows behavior to come under the control of prin-

- “

ciples of logic and reasoning that-are pediatedrby language and functionally

N

indépendent of biology. With language also comes sociéf'motivation, which - |

involves the conformity and obedience to culturally-patterne¥gocial rules.
Perhaps this is what Plato, Aristotle, and others meant by the human "ra-
tional séul.” There is irony.here, for most of these phiiosophers assumed

that the rational soul is the sourte of good and

the animal passions the
Lo .

> . Y s . . . .
source of evil, However, it is reason, logic, and social motivation that

. - - . b '

. ) ?

enables humans to claim justification for ‘the‘planning and execution of a
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holocaust, the use of nerve gas, or the dropping of an atomic bomb. The

-
.
" .

animal passions geally play little part in the mo5t monstrous of human

4 . .
acts, -
.
. )
R
- '
3 «
\ * ~
* ¢ - ~
. -~
’
. \ .
he 2z
e »
* - ’
.
.
h M . N
.
v
.
.
<
-
M -~
« o .
~ -
% N L4
- “
-
. »
-,
B
- - . .
o~ y .
~g .
. »
-
.
~ " -
. 4
L -
.
,
k] »
i . -
«
.., -
F . )
- A » ’
‘ .
4
‘
[ N 4
~
-
4 L4
i b -
~ .
o PR
i . .
4 ] a
v .-
»
s
- A v
’
e » ’ d
-

P, . . . B . . - 3




.
. References

Andrew, R, J. Thé origin\and evolution of the calls and facial expressions
of the primatcs. Behuvior. 1963, 20, 1-109. ’

Borod, J., and Koff, E. Fatial asymmetry and lateral dominance in normal and
brain-damaged adults, resented at the meeting of the International
* Neuropsychological Society, Pittsburgh, PA, Februaty 1982,

Buck, R, Human Motivation and Emotion. New York: John Wiley § Sons, Inc.,
1976. . N

Buck, R. Emotdon and nonverbal \behavior: The communication of affect.
New York: -Guilford Press, in press. i
) : N ry
Buck, R. and Duffy, R. Nonverbal tommunication of hffect in brain-damaged
patients. Cortex, 1980, 16, 3§r‘§g?.

Cofer, C. N. and Appley, M. H. Motivation: Theory and Research. New York:
Wiley, 1964, . ,

Darwin, C. Expressioné of the emotions in man and animals. London: John Murray,
1872, :

Ekman, P. § Friesen, W. V. Nonverbal leakage and clues to deceﬁ%ion. Psychiatry,
1969, 32, 88-10s. -

Ekman, P. § Friesen, W, V. Unmasking the face. Englewood Cliffs: Prentice
- Hall, 1975.

Izard, C. E. Face of emotion. New York: Appleton, 1971.
—_—

Izard,'é; E. Human emotions. New York: Plenum Press, 1977.- '

Kunst -Wilson, W. R. and Zajonc, R..Bs Affective diserimination of stimuli
that cannot be recognized. Science, 1980, 207, 557-558.

Lazarus, R. S. Psychological stress and the coping process. New York: McGraw-
Hill, 1966. : ’ ,

' ngfnson, G. J. and Phillips, A. G. Motivation: A psychological construct in

search of a physiological substrate. In J. M. Sprague and A. N. Epstein
(edg.) Progress in Psychobiology and Physiological Psychology. New York:
Academic Press, 1976. . ,

. ol .
Piaget, J. Piaget's theory, In P. Mussen (Ed.) Handbpok of child development.

Vol. 1. New York: Wiley, 1971. .
’ New York : Barnes « No8le, 1949,

Ryle, G. The concept of mind.

Schachter, S. The interaction of cognitive and physiological determinants of
emotion state. In L. Berkowitz (Ed.) Advances in Experimental Social

Psychology. Vol 1. New York: Academic Press, 1964.

Schachter, S. Obesity and eating. Science, 1968, 161, 751-756.

o _ 14

(34




§
Schachter, S. Some extraordinary facts about obese humans and rats. Amer,

Psychol, 1970, 26, 129-144, . . 4
Tomkins, S. Affect, imagery, and comsciousness: The positive affects (Vel. 1). L
New York: Springer, 1962, ' '
Tomkins, S. Affect, imagery, and consciousness: The affects (Vol. 2). New
York: Springer, 1963. " ,
Whalen, R, E. Sexual Motivation. Psych. Rev., 1966, 72, 151-163.
Wilson, W. R. Feeling more than we can know: Exposure effects without learning.
Journal of Personality and Social Psychology, 1979, 37, 811-82l.
- - o
, ~
- * »




T

e 4*3~*WM~—~ =

RS
, !
E e * ;SN R
|
[ [
( -
- 2 { ;
- > i .
4 .
Observed Events within $he organism Observed
stimult ve the org | . responses
. ! ' .
' coGNITIVE SYSTEM __ Display GOAL-DIRECTED )
. ,—————tem 1 Appraisal & ], Labeled —»| Rules BEHAVIOR 9
| | Labeling Emotion/Motive _ [ Disor
.| [RELEVANT| .~ X =] g SELF-REPORTS ' 3
. | |LEARNING} - .
N ot | ¥ L SUBJECTIVE EXPERIENCE (3= T~ 7 7] .
. S d ! )
affective ! ' i L EXPRESSIONS,™ .
'stimullus l‘ ) " SPONTANEOUS EXPRESSIVE ! Display |1 Fgggy MOVEMENTS,
1 PRIMES t TENDENC'ES : Rules IPOSTURE, Etc.
- l ‘|
"t | —I! | ADAPTIVE AND HOMEOSTATIC | PHYSIOLOGICAL
bm—m——g——— MECHANISMS . RESPONSES
internat . )
atfective !
N stimulus )
L
1 o x
RIC1® .
L . ; » . ~i
N , |




