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Psychophysiological Response Patterns of Emotion

Sonia Ancoli

University of California, San Francisco
ABSTRACT

The major conclusions of this study contradict much of the pre-
vious research on the psychophysiological differentiation of emotion.
One of the accepted views has been that of general physiological arousal
responses to emotion. Our results indicate that the physiological
responses to a positive emotional stimulus (pleasant film) are different
from the physiological responses to a negative emotional stimulus
(unpleasant film).

In addition, our methodology allowed us to show why some other
studies found no physiological differentiation while our study did.
Previous research assumed that all subjects would respond to a single
stimulus with the same emotion. Our results indicated that the films
did not elicit the same emotion. Previous research also presumed that
the emotion elicited lasted for the entire duration of the stimulus.

Our results indicated that the emotional responses did not last for
the duration of the films.

Our data were collected by taking continuous psychophysiological
measurements of EEG (right and left central and temporal), muscle
tension (trapezious and pectoralis EMG), basal skin resistance (BSR),
heart rate (HR), and thoracic and abdominal respiration in 35 females

while each watched a pleasant and an unpleasant film. Standardized
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questionnaires were given to determine the extent to which each sub-
ject experienced different emotions (self-reports). Unbeknownst to the
subjects, their faces were videotaped. The Facial Action Coding System
(FACS) was used to score the facial responses and objectively determine
which emotions were being expressed facially by the subjects.

Film, facial response and self-report were the independent measures
used. The physiological responses were the dependent measures.

Emotion was measured in four ways for purposes of examining the physio-
logical differences between positive and negative emotions: 1) by

film alone; 2) by film and facial response; 3) by film and self-report;
4) by film, facial response and self-report.

When our data were analyzed in the same manner as the data of
studies supporting the general arousal theory, we reproduced their findings
The physiological data were first averaged over the 3 minute and 2 minute
films. There were no significant physiological differences. However,
when we utilized an independent variable (the facial responses) to
determine what emotion was present, when emotion was present, and in
which subjects the emotion was present, the analyses revealed findings
not previously found.

For statistical analysis, subjects were classified into different
groups according to the ways of specifying the emotions (as defined
in the four ways listed above). The physiological data were then
averaged for the 5 seconds immediately preceding a facial response
(Before Facial Response period) and for the first 5 seconds of the facial

response (During Facial Response period). The Before- and During Facial

Response periods were then compared to each other and to baseline.
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The following results emerged, regardless of how subjects were clas-
sified:

1. Heart rate (p=.03) significantly increased from baseline to the
Before Facial Response period in the pleasant film;

2. Heart rate (p=.02) significantly increased from baseline to the
During Facial Response period in the unpleasant film;

3. Heart rate (p=.008) and thoracic respiration (p=.02) significantjy
increased from the Before- to the During Facial Response period in the
unpleasant film;

4. Basal skin resistance (p=.05) significantly decreased from the
Before- to the During Facial Response period in the unpleasant film.

In addition, the results led to the conclusion that to find physio-
logical differentiation of emotion, an independent variable such as the
face must be used to pinpoint small time epochs of emotion.

There were no significant EEG or EMG results.

This study further supports the theory that there are different
psychophysiological response patterns for positive and negative emotions.
By using independent indices of emotion, it becomes possible to study

the extent of this differentiation.
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CHAPTER 1
INTRODUCTION

This study explored how certain emotions differ physiologically.
In pursuit of this question, various methodologies were used.

There are two views on the physiological correlates of emotion.

The first view point was fathered by James (1884). James believed that
emotion is differentiated physiologically. Ax (1953) has recently supported
this view. The second school of thought was fathered by Cannon (1927).
Cannon believed that the physiological changes accompanying emotion are
always general arousal responses which are undifferentiated. Mandler (1975)
and Schachter (1962) support this second view.

These two schools of thought separate the psychophysiologists
from the cognitive psychologists. A basic premise of psychophysiology is
that for every change in the mental and emotion state, there may be a
corresponding change in the physiological state. Therefore, the overall
question, rather than being, "Do different emotions have different psycho-
physiological responses?" becomes instead, "To what extent and in what
manner do emotions differ physiologically?"

The basic psychophysiological premise is well supported. As will
be seen later, the common belief that there are different facial expressions
for different emotions (as defined by self-report) has been empirically
verified. In addition, the same facial expressions are characteristic
for emotions (as defined by self-report) cross-culturally (Ekman, 1971,
1973; Ekman, Sorenson and Friesen, 1969). This cross-cultural evidence
implies an innate biological characteristic. In addition, anger and
embarrassment are often accompanied by blushing (caused by an increase in
blood flow) while fear is often accompanied by paleness (caused by a

decrease in blood flow).



Cannon, Mandler and Schachter are often cited as saying that
cognition and not physiology differentiates emotion. Yet as mentioned
above, the face changes with emotion. As many investigators have shown
(e.g., Ax, 1953), different physiological responses do occur for different
emotions. This research will be reviewed later. Therefore, Cannon,
Mandler and Schachter can not be correct. The issue is no longer whether
physiology does differentiate emotion. Data have shown that it does.
The issue is rather in what manner and to what extent our present
physiological measures can differentiate emotion.

One reason for the differences in theories as well as for
the differences in experimental results has been methodological.
"Emotion" is a term commonly used by the general populace to mean an
affective state. The dictionary, defines emotion as, "...an affective
state of consciousness in which joy, sorrow, fear, hate or the like,
is experienced ... usually accompanied by certain physiological
changes ..." (Random House Dictionary, 1973). The term is sometimes
used with the intent of causal explanation ("He broke it because he
was angry."). At other times it is intended as a descriptive term
("He broke it angrily," or "It is a happy occasion."). In both usages
however, contrary to its observable instigating circumstances and
manifestations, the "emotion" itself is a hypothetical construct. It
is not concrete; it cannot be touched or completely defined. As hypo-
thetical concepts, emotions can not be studied directly. Emotions must
be inferred through observable instigators and manifestations. These
observables will here be termed as emotion's indices. It is in the

study of these indices that many of the methodological problems arise.



The indices by which emotion has been studied and inferred are
numerous. As illustrated in Fig. 1., the most common observable indices
have been emotional stimuli, expressive behavior, self-report and physiological
indicators. The dotted circle represents emotion. One of the assumptions
of this study is that each observable itself is only partially valid. Only
by examining the intersection of all the circles can we gain a clearer
view of the hypothetical process of emotion.

By using this Venn diagram, we can also gain a clearer view of the
conceptual status of the total field. Most studies have looked at only
some of the observables. Thus the results of these studies were necessarily
Timited in theoretical reach. One aim of this study was to help delineate
the manner and extent of the convergence of the observables, beginning with
the placement of major theoretical positions expressed or implied by various
investigators into an overall conceptual framework. The framework follows
that developed by Stoyva and Kamiya (1968) for describing the conceptual
status of studies examining the physiological indicators of dreaming.

The circles labeled emotional stimuli (circle 2) and self-report
(circle 4) have usually been included as parts of studies examining expressive
behavior (circle 3) or physiological changes (circle 1). Problems involved
with each of these will be discussed. The circle labeled expressive
behavior has included studies in non-verbal communication of emotion through
behaviors such as body language, or more specifically, hand movements and
facial activity. While expressive behaviors have physiological components
(e.g., muscle movement producing facial activity), most studies have not
been concerned with measuring the underlying physiology. Instead these
studies have been involved only with the visible changes. For this reason,
in the present framework, expressive behavior and specifically facial

activity, will mean visible changes in the face unless otherwise noted.
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Facial activity has been studied in great detail and will be reviewed later.
The circle labeled physiological indicators is still at an early
stage of development. Research in the area of psychophysiology and emotion
has yielded a confusing array of results. To add to the confusion, the
type of research has ranged from the study of single modalities, to the
study of multichannel recordings of physiological variables in response to
emotional stimuli (intersection of circles 1 and 2 in Fig. 1). To add
further to the confusion, emotional stimuli (circle 2) have been defined
as everything from buzzers, lights, and cold pressor tests, to still photo-
graphs, films and emotional imagery. It is not surprising that these studies
often resulted in conflicting results. These problems too will be discussed.
The present study examined the manner and extent to which some
selected physiological measures differentiate selected human emotions as
defined by emotional stimuli, facial activity and self-report. It was
believed that more could be Tearned about the intersection of the dotted
circle and circle 1, by using information from circles 2, 3, and 4 in our
Venn diagram (Fig. 1). The selected physiological measures were the electro-
encephalogram (EEG), heart rate (HR), electromyogram (EMG), basal skin
resistance (BSR), and respiration. The human emotions selected were
happiness and fear, to be elicited by films (circle 2). The expressive
behavior (circle 3) used was facial responses. Introspective self-report
data (circle 4) were also collected. However, after the facial activity
had been analyzed, it became clear that the film used for the elicitation
of fear had elicited either the facial expressions of disgust or of a
disgust/fear/pain/sad/anger blend. Therefore, the physiological responses
to negative affect rather than to disgust were studied. For this reason,

the question of interest became, ex post facto, the extent to which the
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selected physiological measures differentiate the positive emotions from
the negative emotions.
By way of introduction, previous thinking and empirical work in
the areas of facial activity and emotion (circle 3) and psychophysiology
and emotion (circle 1) will first be reviewed and evaluated. A presentation

of this study will follow.

I. HISTORY

The history of the conflict between the theory of general arousal
and that of physiological differentiation is well known and will only be
reviewed briefly.

The James-Lange theory (1884, 1885, 1922) was one of the first
to propose that emotion was the result of the perception (psychological
experience) of physiological bodily changes brought about by a stimulus.

In short, emotion was the result of feedback from the physiological changes
in the body. "...We feel sorry because we cry, angry because we strike,
afraid because we tremble." (James, 1922, p. 101). James was interested
in internal experiential (introspective) effects of emotional sequences.

He was not interested in emotional behavior itself.

James' introspection and feedback hypothesis came right on the
heels of another feedback theory. A few years earlier, Darwin (1872) had
proposed that the brain received feedback from facial activity. Emotion,
then, was the result of feedback from the facial expressions, rather than
feedback from the physiological changes in the rest of the body. Although
James had also included striate muscle feedback in his theory, this aspect
was ignored by later researchers. They focused instead on the visceral

aspect of James' theory.
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The James-Lange theory came under scrutiny by some other researchers.
Cannon (1927) disagreed with the James-Lange theory. Cannon believed that
emotional experience was not the result of feedback from physiological
responses occuring during an emotion inducing situation. He believed that
emotion was independently aroused by thalamic processes. Incoming impulses
from the emotional stimuli were filtered through the thalamus, where the
distinctive quality of the emotional experience was added. The impulses
then went to both the cortex, where the inte]lectuaT aspects were triggered,
and to the viscera and musculature. Cannon felt that emotional experience
and emotional behavior were different. The feedback from the autonomic
nervous system (ANS) was not the major component. Cannon was instead
offering a general arousal theory of emotion, which, in denying the importance
of peripheral autonomic activity, gave birth to that school of thought still
supported by Mandler and Schachter.

Cannon's monograph however, rather than being the last work on
the topic, was the beginning of a research field still in existence today.
Different neurophysiological and psychophysiological theories of emotion
arose. A multitude of research studies examining the physiological com-

ponents of emotion were done. Those of direct relevance will now be reviewed.

IT. EMOTION AND THE FACE

The relevant theories and studies on emotion and the face
will be presented, since the present study in part stemmed from this work.
Emotion and the face were given careful attention by Darwin

(1872). 1In his book, Expression of the Emotion in Man and Animal, Darwin

described each emotion and the evolution of its corresponding facial patterns.
Darwin believed that there were a limited number of universal, biological

emotions which had corresponding facial and postural muscle activities.



Darwin not only observed the facial expressions of different people (including
children, the blind and the mentally retarded), but he related these facial
expressions to whatever knowledge on anatomy was then available. Using
anatomical work that Duchenne had published in 1862, Darwin studied and
described the facial muscle actions necessary for the facial expressions.

Until recently Darwin's theory on the universality of facial
expressions was ignored by psychologists studying emotion. It is only
in the last twenty years that man's face has begun once again to play an
important role in the study of emotion. Allport (1924) and Jacobson (1938)
were two of the first researchers to suggest or "re-suggest" that the somatic
system and the face may well play a major role in emotions. They both
supported a theory that stated that facial as well as postural muscular
feedback determined which discrete emotion was experienced.

Another theorist, Arnold (1960), agreed with the physiological
aspects of the theory. Arnold however also added a cognitive component.

As will be seen later, Laird (1974) and Schachter et al., (1962a, 1962b) also
include cognition as an important component of emotion.

Arnold's theory did not support Darwin's idea that facial feed-
back determined emotion. However it did include the face as an integral
component of emotion. Another neurophysiological theary of emotion that
includes the face as an integral component of the emotional pathway was that
of Gellhorn (1960, 1964).

Gellhorn's conclusions are that proprioceptive discharges in
general, and cutaneous discharges in the facial area in specific, are
necessary (although not sufficient) to determine all emotions. This theory
is in total agreement with that of Darwin's and with the theories of Tomkins
(1962, 1963) and Izard (1971, 1977). Tomkins and Izard both be]ieQe that

feedback from the face underlies all emotion.
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One of the major influences for the rebirth of the study of the
face and emotions, in fact came from Silvan Tomkins. In his two volume

book, Affect, Imagery and Consciousness (1962, 1963), Tomkins elaborates

on his theory of emotion, in which the face plays a major role. A summary
of this theory will be given.

Tomkins believes that the primary motivational system is the
affective one. This theory is contrary to most psychological theories which
state that drives are the primary source of motivation. Tomkins believes
that drives are secondary, are amplified by the affect system, and, only
then have any impact. The affect system is capable of masking or inhibiting
the drive system. It is also capable of being activated independently of
it. Affects are less clear than drives as it is harder to identify what
or where in the organism they are. But the primary site of affects is the
face. Therefore, feedback from the facial muscles is critical for the
experience of emotion.

Tomkins distinguishes eight primary affects and describes their
corresponding facial expressions (see Table I).

Izard (1971, 1977), in a re-statement of Tomkin's theory, also
sees emotion as the primary motivational system with each emotion leading
to different inner experiences. The principle assumption is that there
are discrete positive and negative emotions. In addition, these emotions
are different from one another. Each emotion is seen as a combination of
three components. The three components are: neurophysiological (neural
activity); neuromuscular (striate muscle or facial/postural activity);
and phenomenological aspects (subjective experience). Note that these
correspond to circles 1, 2, and 3 in Fig. 1. If any one component is
incomplete, the result is a gross or vague emotion. Feedback from the
facial expression is necessary, in combination with the three inter-related

components, for a discrete emotion to occur.
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Table 1
Tomkins Eight Primary Affects and their Corresponding

Facial Expressions

Positive

Interest-Excitement: eyebrows down, track, look, listen
Enjoyment-Joy: smile, 1ips widened up and out

Resetting
Surprise-Startle: eyebrows up, eye blink
Negative

Distress-Anguish: cry, arched eyebrow, mouth down, tears,
rhythmic sobbing

Fear-Terror: eyes frozen open, pale, cold, sweaty, facial
trembling, with hair erect

Shame-Humiliation: eyes down, head down

Contempt-Disgust: sneer, upper lip up

Anger-Rage: frown, clenched jaw, red face

(from Tomkins (1962), chapter 10, p. 337)

- 10 -
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The theory of facial activity and emotion is also lent support
by Plutchik (1962, 1966). Plutchik sees emotion as having adaptive significance
that can be identified at all phylogenetic levels. He believes that for
each primary emotion and emotion mixture, there is a discrete physiological
and overt expressive pattern. Emotion is a patternad bodily reaction
corresponding to the underlying biological processes common to all 1iving
animals.

Plutchik's theory is also in accord with Jacobson (1938). Both
theories included the face as part of a larger bodily response which also
included other skeletal muscles.

There are empirical data to support the theories of facial activity
and emotion. Laird (1974) conducted two studies. A total of 77 subjects
were asked to contract and relax certain facial muscles while being shown
slides of pleasant and unpleasant nature. The subjects did not know they
were producing "smiles" and "frowns." The effect of the facial activity on
the quality of the corresponding emotional experience was evaluated.
Although the differences between the experimental and control groups were
small, the results indicated that the experimental subjects indeed reported
feeling happier when their facial activity was that of a smile and felt
angrier when facial activity was that of a frown. Laird sees this as
supporting the hypotheses of Gellhorn, Tomkins and Izard. He concludes
from his data that manipulation of facial activity is sufficient to produce
changes in the quality of emotional behavior. In summary, Laird states
that expressive behavior plays as important a role in emotion as does the
level of physiological arousal and cognitive expectations.

While there are problems with Laird's methodology (such as demand

characteristics, length of time subjects had to hold their manipulated
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facial activity, artifical situations, etc.), the data do lend support
to the idea of a connection between facial activity and emotion.

Another emotion theorist and researcher, Ekman, has concentrated
on the face and has made important contributions to the field of emotion
and the face. With his co-workers, Ekman has studied facial activity cross-
culturally (1969, 1971, 1973) and in relation to emotion (1972, 1976).
Ekman and Friesen have developed a coding system for scoring facial
activity (1969, 1971, 1975, 1976, 1978). The latter is of greatest
relevance here.

Ekman, Malmstrom and Friesen (1971) were among the first in-
vestigators to realize that since emotion does change rapidly over time,
it is difficult to study the physiological correlates. "Without precise
locational criteria, one may lose the relevant physiological response, ..
in the conglomerate of ongoing emotional behavior which often includes
multiple affects as well as neutral or unemotional periods." (1971, p. 1).
To overcome this problem, Ekman et al. correlated facial expressions to
physiological changes. Since the present study is based on this one,
Ekman et al.'s study will be described in some detail.

Twenty-five American subjects were video taped while watching
a stressful film and a neutral film. Heart rate (HR) and galvanic skin
response (GSR) were also recorded. Video tapes were later scored with the
Facial Affect Scoring Technique (a precursor of the current Facial Action
Coding System). In this way, the facial expressions were identified in
time to the tenth of a second. The facial expressions were then descriptively
classified on the basis on an a priori theory of which facial behaviors

correspond to which affects.
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Overall, mean HR and mean GSR during the films were not significant.
However, when raw HR was examined in 1 sec intervals for the 5 seconds
before and 5 seconds during a facial action, it yielded interesting re-
sults. For the facial activity labeled surprise, heart rate accelerated
until the point that facial activity could first be seen (i.e., facial
muscle firing) at which time it decreased. For the facial activity labeled
disqgust, HR began accelerating 2 seconds before the face fired and increased
at a steeper rate at the point of firing. For periods of no facial
activity, there were no changes. While there are problems with the design
of this study, it was the first pilot data to "... suggest that the con-
comitant study of facial affective behavior and physiological changes holds
promise as a means of gaining information about the interrelationships of
two important behavioral systems." (Ekman, et al., 1971, p.5).

Another series of studies has been done on the relationship
between facial affective behavior and physiological changes. These studies
used emotional stimuli and expressive behavior to learn more about the
physiological components of emotion. Buck and Miller (1974), Buck, Savin,
Miller and Caul (1972), Jones (1935), Lanzetta and Kleck (1970), Oken, et al.,
(1962) and Prideaux (1922) all recorded GSR and/or heart rate in subjects
undergoing some form of stress. Observers were later asked to identify the
stress conditions by watching video tapes or still photographs of the
subjects' faces. A1l six studies found a negative correlation between the
intensity of the physiological response of the "sender" and the accuracy
of his/her facial communication. They therefore concluded that the stronger
the physiological response during affective stimuli, the less facial
activity the subject will show. In addition, Buck et al., found that

females were better senders of emotional cues.
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Lanzetta and Kleck (1970) interpreted these data as suggesting
that since people are punished when younger for displaying emotion, they
try to inhibit their emotions. However, since internal states of arousal
continue to be generated, the person feels a conflict which causes a larger
physiological response even though the overt "emotion" is inhibited

These results are in contradiction with the other data presented
which suggested that facial activity and physiology were integrated. Part
of the problem lies in the different methodological procedures. Buck et al.,
(1972) and Lanzetta and Kleck (1970) used observers to draw inferences from
videotapes. It is difficult to compare these results with others since
one does not know what the subjects ("senders") behavior really was. One
is not even sure if the behavior is affective behavior. The only clear point
is that when the observers were forced to draw inferences about affect, they
did so on the basis of what they saw. However, there are no data on the
accuracy of the observer's inferences. While these results may therefore
seem contradictory, they may in fact have been measuring different
phenomena.

In addition, while Buck's subjects watched slides of different
subject matter, Lanzetta and Kleck's subjects attempted to avoid electric
shock. It is possible that Buck's slides were not sufficiently emotionally-
laden while Lanzetta and Kleck's subjects were subjected to stress (which
can be interpreted as a series of unpleasant emotions) and not to be partic-
ular emotion per se.

More recently, Kleck et al., (1976), Lanzetta, Cartwright-Smith,
and Kleck (1976), and Colby, Lanzetta and Kleck (1977) have performed a
series of experiments whose results contradict their earlier findings.
Instead the results lend support to the theory of a positive correlation
between physiological indices of emotion and non-verbal displays of emotional

affect. The studies sought to test the viability of the Tomkins-Izard-
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Ekman theories vs. those of Jones-Buck-and the earlier Lanzetta and Kleck
theory.

Subjects were instructed either to hide or to enhance their normal
overt emotional facial responses in anticipation of an electric shock.
(Note that once again shock was used as the stimulus for "emotion" whereas
shock is more stressful than emotional.) Skin conductance was recorded
and the subjects were asked to rate the aversiveness of the shock. This
rating was termed the "subjective report" although it really rated the
subject's feeling about the intensity of the shock and not his emotional
feelings. In two experiments, video tapes and observers were again used,
and as Lanzetta et al., (1976) say, "...changes in expressive behavior
were not assessed directly but were inferred from a measure of decoding
accuracy." (p. 361). The results indicated that enhanced emotional facial
responses were accompanied by increases in skin conductance. Suppression
of overt facial responses were accompanied by decreases in skin conductance
responses. In addition, when the subjects were told that they were being
observed, they showed less overt facial activity and again, less skin
conductance responses.

In the Colby et al., (1977) study, subjects were instructed to
pose three levels of "painful" facial activity to a constant shock.
Results showed that skin conductance was directly proportional to the
intensity of the facial expressions.

The final results therefore, indicated that modification of
expressive behavior (i.e. inhibiting and enhancing facial activity) does
affect the intensity of emotional responses. Inhibition of the facial
expression results in skin conductance responses (SCR) that were

significantly below baseline. Enhanced facial expressions resulted in



- 16 -

SCR's significantly above baseline.

These results are in complete opposition to Lanzetta and
Kleck's earlier findings (1970). In the present series of studies,
Lanzetta et al., state that their earlier results and proposed theory
still hold true for changes in expressive behavior produced by "conditioned
inhibition". The present study did not test for this. The present results
however, help confirm the theory that there is a positive relationship
between facial expressions, subjective reports and physiological indices
of emotion (circles 1, 3 and 4 in Fig. 1).

In conclusion, the theories and data presented here strongly
support Darwin's ideas that there is a correlation between facial activity
and emotion. This implies that expressive behavior (circle 3) is indeed
a good index of emotion. Therefore, facial response was one of the

indices used in this study.

ITI. CURRENT RESEARCH ON THE PSYCHOPHYSIOLOGY OF EMOTION

A. Physiological Differentiation of Emotion

There are a multitude of psychophysiological studies of emotion.
The goal of each was to answer one basic question. "One of the basic
questions in the psychophysiology of emotion is whether different emotions
show a characteristic physiological patterning." (Plutchik, 1966, p. 777).
The early research on this question will now be reviewed.

As discussed earlier, the answers to this question fall into
two schools of thought. The first believes that "... all types, qualities,
and degrees of emotion probably can be described and measured through
the functioning of physiological process..." (Ax, 1953, p. 197). They also
believe that distinct emotions do have distinct physiological patterns -
associated with them. The second view is that the physiological component

is one of general arousal for all emotions. Issues relevant to the first



- 17 -

view will be reviewed first, followed by a discussion of data relevant to
the second view.

The "physiological differentiation" view has been supported
by Ax (1953, 1960, 1963, 1964), Averill (1969), Cohen, Goodenough, Witkin,
Oltman, Gould and Shulman (1975), Funkenstein (1955, 1956), Geer (1966),
Graham (1960, 1962), James (1884), Lacey et al., (1953, 1956, 1958, 1962,
1963, 1967, 1970), Lazarus (1962, 1967, 1975), Oken (1962), Schwartz
(1975, 1976, 1977), Sternbach (1962), and Wilson (1967) among others.
However, some of this data are still contradictory. This study was designed
to further resolve the issues.

Lacey et al., (1953, 1956, 1958, 1962, 1963, 1967, 1970) were some
of the first to examine response patterns. They hypothesized a principle
of relative response stereotypy. GSR, HR, blood pressure and pulse pressure
were recorded in a total of forty-two adult females and children who were
undergoing cold pressor tests, mental arithmetic tasks and word fluency
tests. The results led Lacey to believe that during environmental intake
(i.e. subject attending to pleasant stimuli such as visual or auditory
inputs including listening to emotionally laden tapes), HR decreased.

During rejection of the environment (i.e. subject involved in unpleasant
tasks such as mental arithmetic or cold pressor tests), the HR increased.
Wenger (1950, 1951) later replicated Lacey's results in a total of 36
adult males.

The major criticism of Lacey's and Wenger's work is that their
"emotional" stimuli were stressful. (Lacey himself called them noxious
stimuli). At no point is mention made of what more specific emotions
the subjects may have been experiencing. While it can be assumed that stress
leads to unpleasant emotions, it is not know which of the unpleasant emotions

are experienced, or how many are experienced. It is therefore impossible
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to draw conclusions about individual emotions.

One of the earliest studies however, that re-stimulated
interest in the physiology of specific emotions was one by Ax (1953).

Ax investigated a number of physiological variables during fear and anger
(as defined by emotional stimuli and self-report). He believed that a
close inspection might reveal a physiological difference between the

two emotional states. Ax believed that recording from multiple sites adds
to the understanding of the total emotional response and would help provide
a qualitative description of emotional states. He raised three questions:
a) Can subjects be classified in terms of their physiological reaction
syndromes? b) Can physiological responses tell us which emotions are
present? c) Are there patterns of physiological responses which may be
diagnostic of emotional states (i.e. patterns rather than individual re-
sponses)? These questions are still important in research today.

To answer these questions, Ax monitored the electrocardiogram,
ballistocardiogram, respiration, face and finger temperature, GSR, frontalis
EMG and blood pressure. Subjects were told that the experiment was testing
the physiological difference between normo- and hypertensives. Fear was
induced by the experimenter gradually creating an atmosphere of alarm while
wires sparked and an electric shock gradually increased in strength. Anger
was elicited by an "incompetent" polygraph operator, The presence of
emotion was determined by retrospective verbal self-reports as well as by
spontaneous comments made during the experiment. Each condition lasted a
minimum of five minutes with the total session lasting a minimum of 50
minutes.

The results indicated that increases in diastolic blood

pressure, GSR, and average msucle tension and decreases in heart rate
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were significantly greater in anger. GSR decreases, respiration rate
increases and muscle tension peak increases were significantly greater

in fear. Correlation between the variables was low. This was interpreted
as a marked uniqueness in the physiological expression of emotion.

The results of this study are encouraging for the view supporting
physiological differences between emotions. The lack of correlation between
the physiological responses, although less encouraging, could well be
due to the gross time definitions of emotion.

The Ax study elicited emotions in a naturalistic way. More
recently, stricter human subject protection committees have made it
difficult if not impossible to replicate or conduct theses types of
studies. Many researchers today rely instead of films to induce emotions.
Lazarus, Speisman, Mordkoff, and Davison (1962) were some of the first
to use film in this manner. They felt that films were natural and gave
subjects an opportunity to identify with the characters.

Lazarus et al., (1962) used a film of subincision rites in
aboriginal Australia and a neutral film about a corn farm. In addition
to personality tests, they recorded heart rate and skin resistance,
and collected urine samples. The results showed that mean GSR levels
and mean heart rate were the best distinguishers between the stress
inducing film and the neutral film. Note once again that "stress" and
not emotion was assessed.

Sternback (1962) recorded skin resistance, gastric motility,
respiration rate, heart rate, eye blink rate, and finger pulse volume in
children watching the movie Bambi. The children were asked to identify

which parts of the film they found to be sad, happy, funny or scary.
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They were photographed (stills) through a one-way mirror. The data were
then analyzed for those periods that had been rated saddest, happiest,
etc. The only significant results occurred in increased skin resistance
and decreased eye blinks during sadness and increased stomach motility
during happiness. However, here too, each emotion was defined by a re-
trospective self-report for a gross time period.

Sternbach interpreted these data as patterns suggestive of
inhibition of Sympathetic Nervous System (SNS) during sad and inhibition
of Parasympathetic Nervous System (PNS) during happy. He also stated that
an increase in Autonomic Nervous System (ANS) variables sampled would
lead to a better picture of the total functioning of the Autonomic Nervous
System (ANS) in different emotional states. In addition, Sternbach questioned
the validity of relying on self-report. He stated that when there was a
consensus of self-report then the use of a stimulus such as film, "...to
elicit complex affective and autonomic responses becomes a potentially
useful device for the study of more ‘'real-life' emotions..." (p.90).

Averill (1969) and Cohen et al., (1975) also used films to elicit
emotion. Averill used a film of President Kennedy's assassination to elicit
sadness, a control film, and a silent comedy to elicit mirth. He recorded
blood pressure, heart rate, finger pulse volume, skin resistance, respiration,
and face and finger temperature. The data were analyzed for the last six
minutes of each film based on subjects ratings of the most emotionally
arousing scenes. The results indicated that the sad group differed signifi-
cantly from the mirth and control groups in increased systolic and diastolic
blood pressure; the sad group and mirth group each differed significantly
from the control group on increased GSR, but did not differ from each other;

the mirth group significantly' differed from the sad group in increased
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heart rate.

Cohen et al., (1975) studied the effects of emotion on the
respiration cycle. They showed two stressful films and two neutral
films to male volunteers. Each film was shown during a separate session.
The total number of breaths (i.e. rate) did not change. However, during
the stress films, the expiration time significantly increased while pause
time significantly decreased.

A third method of eliciting emotion that has often been used is
that of imagery. Davidson and Schwartz (1976) found increased heart rate
with imagined anger. Fair (1976), Fair and Schwartz (1976), Schwartz
(1977) and Schwartz, Fair, Salt, Mandel and Klerman (1976a, 1976b) recorded
facial EMG while subjects imagined happy, sad, angry and typical day scenes.
The results showed the largest differences between happy and the other
emotions, with corrugator muscle contration decreasing during happy.
Schwartz et al., also found that there were patterns of responses for the
different emotional images. Happy was accompanied by decreases in the area

of the corrugator, increases in masseter and increases in depressor angularis.

Anger was accompanied by increases in corrugator, masseter, depressor

angularis and frontalis. In addition, Schwartz et al., (1976a) found that
during the imagery of a typical day, normal subjects showed the happy EMG
pattern while depressed subjects showed the sad EMG pattern.

An important question that arises here is one of different methods
used to elicit emotion. Is the emotion experienced while watching a film
(such as Lazarus, Averill, Sternbach and Cohen had their subjects do), the
same as that experienced during imagery (such as Schwartz et al., had their
subjects do), and is either the same as that felt during a 'real-life'

situation (such as Ax's). Here again there is a problem in generalizing
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results across conditions or even comparing results from one condition

to another. It is unknown whether the emotions are the same. It is also
unknown whether the psychophysiological responses will be the same across
all the conditions. No research has explored these questions which

makes it difficult to make any comparisons across studies and makes it

difficult to draw any conclusions.

B. The General Arousal Theory of Emotion

The second school of thought on the question of physiology and
emotion believes that the physiological component of emotion is one of
general arousal for all emotions (Cannon, 1915, 1927; Bindra, 1970; Engel,
1960; Mandler, 1975a, 1975b; Schachter et al., 1962a, 1962b). The two
major proponents of this arousal theory of emotion are Mandler and
Schachter.

Schachter and Singer's (1962a) and Schachter and Wheeler's (1962b)
theory states that there is a general pattern of Sympathetic Nervous
System (SNS) excitation associated with emotion. An emotional state is a
function of both that physiological state and cognition appropriate to that
state of arousal. They have concluded that given the same physiological
arousal, the affective self-report will depend entirely on the cognition
or social context to which a subject can attribute his feelings.

Plutchik and Ax (1967) criticized Schachter and Singer's experiment
on several levels. These levels are: 1lack of double blind methodology,
presence of different levels of arousal for the different conditions, in-
adequate self-report measurements, and "...marked over-generalization on
the basis of very limited samplings of conditions, emotions, arousal states,

and types of subjects." (p. 79). Another relevant criticism is whether
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arousal caused by an injection of a chemical substance (the Schachter
procedure) is equivalent to the physiological arousal caused by
naturally occurring stimuli.

In addition, Izard (1977) cites two recent but unpublished
works by Maslach, and by Marshall, which failed to replicate Schachter
and Singer's findings. Marshall used the same drug arousal method
and found that subjects were not equally likely to report joy
or anger. Maslach gave subjects hypnotic suggestions of autonomic
arousal in order to create a set in which the subject would
interpret negative feelings. Subjects responses again were ihdependent
of the actions of the confederate.

Mandler (1975) in discussing Schachter and Singer, suggested
that since the same injection generated both anger and euphoria, this
implied a general arousal theory and not a physiological pattern.

Mandler agreed that the experience of emotion is an interaction of
autonomic (ANS) arousal and cognitive interpretation. But he also stated
that the arousal in emotions is non-specific. In his Theory of Arousal and
Emotion, Mandler says that arousal provides the quality of the emotional
state. Arousal however, may either be a response to a preprogrammed,
automatic release of Autonomic Nervous System to an event, or it may be
mediated by a "meaning analysis." "Meaning analysis" is an experience
which changes what was once a neutral stimulus into a releaser of the
Autonomic Nervous System. In either case, both the perception of

arousal and the cognition for an emotion need to be present. Mandler's
conclusion is that "...whether a particular input will lead to some emotional
experience will depend on whether the arousal switch has been triggered,

and whether the switch has been triggered depends on the meaning analysis
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that the input has undergone." (p. 79). However, Mandler never
deals with the question of how arousal gets triggered. Schachter and
Mandler each describe a process that short-circuits the system with an
injection to stimulate arousal. They have no model that deals with how
the arousal switch gets triggered or by what mechanisms it operates.
Mangler's theory is only partly in contention with those of
the first school of thought. Most theoriests would not argue that
emotion is characterized by its own specific pattern of responses which
include physiological and cognitive components. In fact, Arnold (1969)
and Laird (1974) include cognition in their theories. The disagreement
arises from the type of physiological arousal involved. Mandler believes

the autonomic nervous system response to emotion is undifferentiated.

IV. PROBLEMS WITH STUDIES OF PSYCHOPHYSIOLOGY AND EMOTION

The controversy of specific patterned responses vs. general
arousal, and the lack of consistent results may be partially due to method-
ology. There are two major methodological problems with past studies.

The first problem involves the investigation of single physiological
modalities. As Mandler (1975) so aptly stated, "...nothing as complex
as emotional behavior and experience is 1ikely to be determined by a single
(italics mine) set of inputs or stimuli..." (p. 86). Along the same vein,
nothing as complex as emotional behavior is 1ikely to be determined by
a single set of peripherally measured physiological variables. As shown
by the work of Lacey et al., (1953, 1956, 1958, 1962, 1963, 1967, 1970)
and Schwartz (1977), recording from multiple sites can not help but add to
our understanding of emotional responses. Many parts of the human organism

are interdependent. Together the different parts produce patterns of
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physiological responses that make up a significant component of both
human behavior and subjective experiences (Wolf, 1970; Schwartz, 1977).
Schwartz (1976) has suggested that patterns of responses can be an expecially
sensitive way to learn more about how different physiological systems combine
to produce different subjective experiences such as emotion. Though some
studies have recorded from more than one site (Ax, 1953; Ekman, et al.,
1971; Engel, 1960; Lacey, et al., 1958, 1962; Oken, 1962; Sternbach, 1971;
Wenger, 1961), not one has looked at the pattern of responses or interactions
between modalities. Instead, each variable was examined independently.
This study did not Took at the correlations between the physiological
variables either, but, as a first step, did attempt to look at the directions
of group responses.

One of the reasons for the neglect of response patterning is
the Law of Initial Values (Hord, Johnson, and Lubin, 1964; Johnson, Hord
and Lubin, 1963; Sternbach, 1966). Autonomic responses occur in such a
way that changes in one measure are dependent on the levels prevailing
before the emotion is elicited. Another reason for the neglect is response
specificity. From their own research, Lacey et al., (1956, 1958) have
developed four principles of response specificity. These are:

1. Relative Response Specificity - For different stress stimuli, a subject

will tend to respond with the same hierarchy of activation;

2. Intra-stressor Stereotypy of Response - A single stressful stimulus

will elicit reproducible patterns of response;

3. Inter-stressor Stereotypy of Response - Different stressful stimuli

will elicit reproducible patterns of response;

4, Situational Stereotypy of Response - Changes in stimuli will produce

changes in average response patterns.
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Stereotypy makes it difficult to study one variable, much less
several. There are however methods available to overcome some of these
problems.

The second methodological problem is perhaps even more serious.
The problem is the use of retrospective subjective reports to determine
which emotions had been present. The physiological data are then
averaged and analyzed over gross time periods. Yet the actual duration
of emotions is unknown. In addition it is difficult to determine when one
emotion has changed into another (Greenblatt, 1963). Emotions can often
change very rapidly over time. In a short time period there can be a
conglomerate of ongoing emotional behavior including different emotions,
blends of emotions, and neutral (unemotional) periods (Ekman, et al., 1971).
The data of the past therefore, may often have been confounded by these
mixed emotions. The retrospective self-report may really have been an
average of many emotions. Investigators thought they were studying anger
or fear, yet by analyzing the data over long time periods, they may
well have been studying a whole multitude of emotions. (This criticism
holds true for "stressful" situations as well.) Tomkins (1962), when dis-
cussing a study he had once done using electric shock to elicit fear, stated,

...0ne had only to listen to the spontaneous exclamations

throughout an experimental series to become aware of the

difficulty of evoking one and only one affect by the use

of what seems an appropriate stimulus. (p. 113)

He continues later on,

...This is not to say that the experimental investigation

of affects is hopelessly complex, but rather that the

investigator must proceed with unusual caution and

imagination if he is to catch fleeting affect on the
wing (p, 199),
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This leads to an interesting question. What is the best way to
measure emotion in the most discrete fashion? In the past, the two most
frequently used techniques of measurement have been judge-ratings and
retrospective self-reports. In the first, a blind observer judges the
"senders" face and rates it as to which emotion and how much emotion is
present. In addition to the problems already discussed, this method also
raises the questions: a) can observers make accurate judgments of facial
behavior? b) are some observers better than others? and c) are some
subjects more accurately judged than others? (Ekman, 1971). Without clear-
cut answers to these questions, it becomes difficult to interpret results.
The second method, retrospective self-report, has its problems, as just
discussed above. In addition, self-report may reflect the subjects wishes
and beliefs as much as their real introspective feelings. One way to
avoid this would be to get self-reports on a second-by-second basis. This
procedure would however interrupt the flow of the natural sequence of events
constituting emotional responding.

Another way to get more discrete information is to record
facial EMG (Fair and Schwartz, 1976). It is possible to record the
facial muscle tension and correlate that with the affects reported and with
other physiological parameters. However, there are also problems with this
method. The first problem is that visual observation of facial expressions
would be difficult. The electrodes themselves may pull on the skin during
a facial movement and thus act as a negative reinforcement for facial activity
as well as inhibiting any natural overt facial expressions. Further,
to get sufficient information one would have to cover the face with a
multitude of electrodes, thus blocking inspection of the facial activity.

A second problem with this method is that the use of surface

electrodes does not permit exact localization of the active muscle since
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they integrate the electrical activity in muscles in broad areas surrounding
each electrode. (With additional research, the use of many small

electrodes for detecting localized facial EMG to study emotion may be

a very reliable method, especially in describing the muscle activity that
occurs prior to visible facial activity.)

It is clear that there is a necessity for being able to
look at changes over time during the presentation of the eliciting
stimuli. As seen, this can be done by self-report (Fig. 1, circle 4),
collected in a variety of ways, or by over-all judge ratings of emotions.
However, a new less obtrusive procedure is now available. It has been
designed to "catch fleeting affect" by identifying emotion in time
(Ekman and Friesen, 1976, 1977, 1978). As it has long been recognized
that emotional states are associated with non-verbal facial expression
(Darwin, 1872; Ekman, 1973; Ekman et al., 1972, 1975; Izard, 1971, 1977;
Tomkins, 1962, 1963; etc.), this new system, the Facial Action Coding
System, or FACS, utilizes the face to help identify emotion (Fig. 1,
circle 3).

FACS is an anatomically based descriptive system developed by
Ekman and Friesen (1976, 1977, 1978). It is used for scoring visible
movements of the face. It can be used in scoring either still photographs,
film or video recordings.

FACS is strictly used to describe facial activity. It does not
infer what the facial activity means. One observes the appearance and move-
ment of the face and infers which muscles have fired to produce that change
in appearance. The resulting score, or code, is a record of the facial
activity. For example, FACS would descirbe an action unit which pulls

the 1ip corners down rather than a "sad face." Each movement or measurement
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is called an action unit or AU. A series of AU's when combined, can account
for any observed facial activity. Rules are given describing the minimal
movement (minimal requirements) needed in order to score an AU as well as
descriptions of appearance changes. Some AU's are also scored in intensity.
Scoring is done on a descriptive level only; the interpretation as to what
emotion or blend of emotions are being expressed is not done by the
person doing the descriptive coding. The interpreter therefore, does not
look at the overall gestalt of a face, but rather looks at a series of
scores.

In summary, there is a sufficient amount of data to indicate
that different emotions (as defined by the eliciting stimuli and/or re-
trospective self-report) do have different physiological responses, especially
in the cardiovascular system (HR and respiraticn) and in skin response.
However, due to poor measuring techniques such as retrospective self-report
and gross time measures, it is not entirely clear to what extent physiological
responses correspond to emotions. The facial activity is a good measure of
emotion, and the Facial Acticn Coding System enables the researcher to use
facial activity to examine corresponding physiological activity in small
time epochs.

This study examined the physiological correlates of emotion by
recording heart rate, basal skin resistance, respiration, and EMG. FACS
was used to score facial activity. These physiological measures were chosen
because the investigators reviewed above found them to be sensitive
measures. The study was restricted to these variables due to the limitations

of the equipment.
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V. EEG, HEMISPHERIC LATERALIZATION AND EMOTION

Another approach to the study of the psychophysiology of emotion
has been the examination of the electroencephalogram (EEG). Researchers
have studied EEG patterns to further understand the role of brain
mechanisms in emotion.

While most research has been done examining the EEG and
anxiety, few studies have looked at the EEG and specific emotions.

Those that have, have been involved with hemispheric specialization or
dominance during affective stimuli.

Schwartz, Davidson and Maer (1975) used direction of eye gaze
as a reflection of hemispheric activation. They found a longer mean
number of left eye movements (i.e. right hemisphere activation) during
emotionally laden questions than during non-emotional questions in
right handed subjects. Davidson and Schwartz (1976) extended their findings
in another study. EEG and heart rate were recorded. Heart rate was signific-
antly higher during anger than during relaxation. There was however a
major problem with this study. Only one affect, anger, was studied.
(Relaxaticn is not an affect). It is therefore difficult to generalize
or conclude that the physiological changes are due to the affect anger.

Another result was that self-generation of affective imagery
was associated with significantly greater right hemisphere EEG activation
that that of non-affective imagery. This result was much stronger in
female subjects than in male subjects. Davidson and Schwartz concluded
from these data that, as other researchers had suggested, the right hemi-
sphere may be specialized for emotion. Davidson et al., (1976) then studied
these sex differences in greater detail. They concluded that females show

greater task-dependent assymmetry than males. In addition, there was
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significantly greater relative right-hemisphere activation during emotion
only in females. DeWitt (1977) also found more right hemisphere
activation (based on eye movement) during emotion in females. In addition,
he found more left hemisphere activation in males. Drohocki (1974) and
Erlichman and Wiener (1977) found more right hemisphere activation during
positive affect than during negative affect. Harmen and Ray (1977) also
found that during positive affect the left hemisphere sharply increased

in power (i.e. left hemisphere showed increases in EEG alpha) and the right
hemisphere showed more activation. During negative affect, the left
hemisphere decreased in power.

Although hemispheric activation was determined by different
techniques (eye gaze or EEG) and emotion elicited by different methods
(imagery, cartoons, or emotional questions), the results all seem to
indicate that the right hemisphere shows increased activation during
emotions. This is especially true in female subjects.

Another way to study emotional effects on the hemispheres is
to study lesioned patients. Arnold (1950) suggested that unilateral
lesions in the thalamic regions produce marked affectivity on the damaged
side of the body. A tumor affecting one side of the thalamus results
in unilateral emotional expression.

Gainotti (1972) reviewed an Italian study done by Tezian and
Ceccatta, who injected intracarotid amytal. Inactivity of the
dominant hemisphere led to depression. Inactivity of the non-dominant
hemisphere led to euphoric-mainical states. These results have been
confirmed by Gordon and Bogen (1974), Rosadini and Rossi (1961) and Rossi
and Rosadini (1967).
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Heilman, Scholis and Watson (1975) studied right handed
patients with either right or left hemisphere lesions. Patients with
the right sided lesions were unable to score above chance on emotional
questions. However, Schlanger, Schlanger and Gerstman (1976) were
unable to replicate Heilman and found no differences between patients with
right or left hemisphere damage.

In addition to studies of EEG assymmetry, two studies
have been done examining the assymmetry of GSR. Myslobodsky and Rattok
(1975) recorded the electrodermal activity (EDA) of both hands in right
and left handed males. In all subjects, the EDA was higher in the right
hand (i.e. left hemisphere) during verbal task. EDA was higher in the left
hand (i.e. right hemisphere) during visual tasks. Greene (1978) found
similar results. Skin conductance responses were larger in the left hand
when stimuli were presented to the right visual field. While these
studies did not deal directly with affective stimuli, they do support the
notion that autonomic activity follows the same general rule as EEG
activity in relation to hemispheric assymmetry. If the right hemisphere is
the more emotional one, then it would follow that psychophysiological re-
sponses to emoticnal stimuli would be greater on the left side of the body.

Therefore, EMG and BSR were both recorded on the non-dominant
(1eft) side of the body in the present study. EEG was recorded from both
the right and left hemispheres to clarify which hemisphere is dominant for

the different emotions elicited in this study.

VI. THE PRESENT STUDY

As noted, there is sufficient evidence to indicate that

different emotions have different psychophysiological components.
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The problem in the past has been determining the extent of psychophysiological
differentiation in specific emotions.

Progress in this area may have been impeded by some past researchers
accepting two assumptions. These two assumptions are: 1) a stimulus pro-
duces the same emotion for all subjects; 2) the emotion produced lasts
for the entire time the stimulus is present. The past work has also suffered
from an inability to focus on short time epochs of emotion. With the
development of FACS, it is now possible to test the two assumptions stated
above by obtaining objective, discrete periods of affective facial responses.
With the aid of advanced computers it is also easier to time lock these
facial responses to the psychophysiological variables.

The question addressed by this study was the extent to which
the psychophysiological variables differentiated the positive emotions
from the negative emotions. A multiple indexing system was used. The
physiological (dependent) variables were basal skin resistance (BSR),
heart rate (HR), EMG, EEG and respiration. The independent variables were
film, facial responses and self-report. Emotion was defined in terms of:

1) film; 2) film and facial responses; 3) film and self-report; 4) film,

facial responses and self-report.
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CHAPTER 2
METHOD

Subjects: The experimental subjects were 36 right-handed Caucasian
female volunteers ranging in age from 18-35 years (mean age = 25.14
years). One subject was eliminated from the study due to apparatus
failure and procedural flaws, thus leaving a sample size of 35. As it
has been shown that female subjects show more emotion on their faces
(Buck, et al., 1972, 1974; Davidson, et al., 1976), only female subjects
were used.

An attempt was made to restrict the sample to U.S. born
females whose parents were also native Americans, since there are
some cultural differences in emotion (Ekman, 1971). However, one sub-
ject was not born in the United States. Among the subjects' parents,
three mothers and three fathers were from Europe, one father was from
South America and one father was from the Middle East.

As a partial control for biological rhythms, all testing was
done in the late afternoon or early evening, none of the subjects were
taking birth control pills or any other medications, and all subjects
were run within 6 to 11 days (mean = 7.8) after the start of their last
menstrual cycle.

Subjects were recruited through advertisements. They were
told that this was a psychophysiological study, that brain waves, heart
rate, muscle tension, BSR and respiration would be recorded while they
watched some films, and they would be paid $3.00 for their participation.
No mention was made of the video equipment or of emotions. If the

subject was right-handed and not taking birth control pills, she was

asked to call back on the first day of her menstrual cycle. At that
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time, she was scheduled for a session as close to the seventh day of her
cycle as possible.

Of the women who responded to the advertisements, the majority
were right-handed and not on birth control pills. In addition, of those
asked to call back, a majority did actually call back at the start of
their menstrual cycle. The records for the exact figures are not
available.

Apparatus: Four channels of EEG, a time signal, heart rate and thoracic
and abdominal respiration were recorded on a Beckman Type R Dynograph.
Trapezius and pectoralis EMG, basal skin resistance and another time
signal were recorded on a Grass Model 78D polygraph.

EEG was recorded with Beckman A-C couplers (model 9806).

The pre-amplifiers were set a 2 mV/cm. The power amplifiers were set
at .02 resulting in a pen deflection of one cm for a 40 microvolt
peak-to-peak signal.

A standard Beckman cardiotachometer (model 9857) recorded
heart rate with a calibration signal of 60 and 120 beats per minute.

Respiration was recorded by means of two mercury strain
gauges (manufactured by Park Electronics). One was attached across the
thorax. The other was attached across the abdomen. Each gauge was
25 cm long and was attached at a stretched length of 30 cm. This
stretch enabled the full range of respiration from minimum to maximum
to be recorded without serious distortion from linearity. Output of
the guage was proportional to changes in girth at the two sites.

Basal skin resistance was recorded from the Grass PGR setting

of the input amplifier (model 7P1E).. A 10 microampere constant DC
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current was passed through silver/silver chloride electrodes with a
diameter of 7 mm. Absolute value of skin resistance (BSR baseline)
was recorded on magnetic tape for later analysis. GSR transients,
reflecting changes in basal value, were recorded only on polygraph
chart paper. The transients were not later analyzed. A calibration
signal adequate to give a 2 cm pen deflection of the graphic record
was used, with 1 mV input being equal to a resistance change of 10,000
ohms .

EMG was amplified using a Grass amplifier (model 7P511G).
The half-amplitude points for the high and low frequency cut-offs were
30 Hz and 300 Hz respectively. The output of each EMG channel was
full-wave rectified and sent to the polygraph paper as well as to the
magnetic tape. A graphic record of the raw trace was also obtained.

A1l the polygraph data were also recorded on a Vetter tape
recorder with dual plug-ins (model MX 712) set at 7% ips with no
flutter compensation. The thoracic respiration channel was recorded
for all subjects. Due to equipment failure, abdominal respiration was
available only for the last eight subjects.

Subjects' facial activity was video taped with a Panasonic
video camera (model WV-200P black and white) equipped with a SONY TV
zoom lens (f16-64mm; 1:2 set at f2). A SONY 3650 Video Tape Recorder
(VTR) was used alternating with a Javlin VTR. The faces were monitored
on a 9-inch video screen.

The films were shown with a Bolex SP80 projector in combination
with a HPI caritel rear projection cabinet with a 14 inch screen. The
pleasant film was three minutes long. It was produced by Ekman and

Friesen and consisted of three parts: gorilla's playing in the zoo



-37-

(scene 1), ocean waves (scene 2), and a puppy playing with flowers
(scene 3). Scene two had been especially designed to produce self-
reports of happy without producing facial activity corresponding to
happy. Subjects previously viewing the pleasant film have described
pleasant feelings (Ekman and Friesen, 1974). This film will be
referred to as the pleasant film.

The unpleasant film was two minutes long. It was an edited
version of a wood shop accident film in which one man has the tips
of his fingers cut off (scene 1) and another man dies after a plank
of wood is thrust through him by a circular saw (scence 2). This
film has been rated as producing feelings of fear and disgust (Lazarus,
1966; Ellsworth, 1976). The original full-length version was first
used by Birnbaum (1964). This film will be referred to as the un-
pleasant film. The order of film presentation was counter-balanced
among the subjects.
Procedure: FEach session began with the subjects: 1) signing a consent
form (see Appendix A); 2) filling out the Zung Scale for Depression
(Zung, 1965) (Appendix B); 3) filling out a general information
sheet; 4) reading instructions on what would happen during the session
and on how to rate the emotions they would be feeling (Ekman and Friesen,
1974) (Appendix C). The Zung Scale was used to screen out subjects with
depression since Schwartz et al., (1976) found that depressed subjects
showed facial activity that differed from normals. A1l subjects however,
scored within the normal range on the Zung Scale. No further analysis
was done with these data. At this point in the session, no mention was

made of the video equipment.
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The subject was seated in a comfortable, upright chair in a
sound-deadened, electrically shielded chamber (7 feet by 7 feet, 4 inches),
across from the hidden camera. The camera was hidden because there is
anecdotal evidence to suggest that subjects act differently when they

know they are being fi]med,]

Therefore, subjects were not told about the
video equipment until after the session. Interviews taken at the end
of the session indicated that none of the subjects had been aware that
they were being monitored by camera.

EEG Grass electrodes were attached in a monopolar placing
at C3, C4, 01 and 02 for subjects #1-9, and at C3, C4, T3 and T4 (Jasper,
1958) for the remainder, each referenced to the ipsilateral ear (Al or
A2). EEG placement was changed from occipital to temporal to reduce the
eye movement artifact emanating from the ear reference. Two pairs of
EMG Beckman electrodes were each placed 1% inches apart at the left
trapezius (Basmajian, 1977) and left pectoralis (Toomim, 1976). BSR
silver/silver chloride electrodes were placed on the left (non-dominant)
palm, Heart rate was derived from the wrist-to-wrist electrocardiographic
signal. Thoracic and abdominal respiration were recorded with two
mercury thread strain gauges. A ground was placed at the base of the
neck. A1l electrodes had a resistance of less than 10k ohms.

After the electrodes were in place, the subject was seated
two feet in front of the projecticn screen, Each subject was told that

she had been randomly selected to be in a bright T1ight condition. Two

1 Since this study was done, Lanzetta et al., (1976) have reported data
that support this theory.
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light bulbs (200 watt bulb in back of the subject and 150 watt bulb

in front and above) were turned on. These were needed to provide

sufficient illumination for video taping the subjects.
The following instructions were then given:
For the first ten minutes I'd like you to just sit quietly and
relax. This will give me a chance to turn on my equipment and
make sure I am getting good recordings. It will also give you
a chance to get used to these surroundings a Tittle bit. At
the end of ten minutes, I will come on over the intercom and
ask you to close your eyes for 5 minutes. This is a baseline
period. At the end of the five minutes, I'11 ask you to open
your eyes for another 5 minute baseline. When that is over,
I'11 again come on over the intercom and ask you to fill out
the first form (self-report form). Since at this point you
have not yet seen a film, just respond to how you felt during
the baseline periods. When you are done, tell me, and the
first film will begin. When the film is over, fill out the
corresponding forms and let me know when you are done.

After all questions were answered, the subject was told that
she would be alone until she had finished filling out the emotion self-
report forms at the end of the first film. After a ten minute rest
period, five minute eyes-closed and eyes-opened baselines were recorded.
The first film was then shown. Each film was at eye-level and the
picture size was 8 inches by 12 inches. Fig. 2 shows how the experi-
mental room was set up.

When the subject indicated she was done filling out the self-
report forms, the films were changed. Another five minute eyes-opened
baseline was recorded and the emotion self-report form filled out.

The second film was then shown. There was a minimum of 10 minutes between
the films. The films were turned on from outside the subject's room

by remote control, When the second film was over, the subject again

filled out the emotion self-report forms and indicated when she was
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done. (See section on self-report procedure.)

At this point, the subject was debriefed. It was explained
that her face had been video taped during the films and since natural
reactions were crucial, it had not been possible to inform her of this
beforehand. Each subject was then asked to sign a second consent form
(Appendix D). An option to erase the video tape was given. However
all 35 subjects willingly gave post hoc permission for the use of the
videotape.

Sel1f-Report Procedure: Subjects were given self-report forms (Ekman

and Friesen, 1974) that asked them to rate, on a scale from 0 (neutral)
to 8 (strong), how they felt on each of the following: dinterest, anger,
disgust, fear, happy, pain, sad, surprise, and arousal. It was
explained that each rating should be based on the number of times the
emotion was felt (frequency), the length of time it was felt (duration)
and/or how strongly it was felt (intensity). While the definition of
most of the emotions was clear, pain was described as empathetic pain
and arousal as an index of the total emotional state (see Appendix C).
Studies on the use of film with these emotion self-rating scales (Ekman
and Friesen, 1974) show that the scales are sensitive enough to differ-
entiate between self-reports of different emotions.

The self-reports were completed at four different intervals:
post-baseline 1, post-film 1, post-baseline 2, and post-film 2.
In addition, after the films, the subjects filled out a separate self-
report form for each scene. Therefore, a total of seven forms were
completed (2 baselines, 3 scenes in the pleasant film, and 2 scenes in

the unpleasant film).
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Coding Procedure: The facial activity of each subject was coded with

the Facial Action Coding System (1976, 1978). This system was especially
applicable since inter-coder reliabilities have been determined for six
coders trained in this system (r=.756) and two of these coders were
available for determining the reliability of the sample in the present
study.

Coder 1 (the author) scored all the facial activity shown by
the 35 subjects. Reliability was evaluated both for location and
classification at two different stages in the study. Location meant
when an action unit (AU) happened; the precise moment (video frame
number representing 1/60 second) in which the action started and stopped.
Classification was what happened; what are the AU's responsible for an
observed change in facial behavior. The two questions are independent
to some extent. Reliability could be high on classification, but Tow
on location, or visa versa (Ekman and Friesen, 1978).

After the first 10 subjects had been scored, coder 1 randomly
chose one of the two films for each of the subjects for coder 2 to score.
Later in the study, a second sample was drawn, selecting a 30 second time
period from the video records from each of the remaining 25 subjects.

The second sample was only needed to verify the continuation of the
high reliability. Therefore, since FACS is a time consuming system,
the second sample was shorter than the first. Coder 2 scored this
randomly selected sample. Appendix E presents the instructions given
to the second coder.

Affect Assignment to Codes: A list of the facial activity scores (codes)

was presented to two independent FACS experts (Drs. Paul Ekman and
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Wallace Friesen, the developers of FACS). The list consisted of

each set of scores that had appeared at least once. The experts were
not told the duration of the facial activity, which film it had occurred
in, or whether it had occurred more than once or by more than one sub-
ject. Each expert independently assigned an affect to each code and
rated it as to how certain he was of that code representing that affect.
These decisions were based on data from multiple sources including
encoding and decoding studies of their own, research on facial muscle
movements universal for emotions, and most of the movements labeled as
emotional in chimpanzees and great apes (Chevalier-Skolnikoff, 1973;
Ekman, Friesen and Ellsworth, 1972; Ekman, 1973; Ekman, Friesen, and
Tomkins, 1971; Izard, 1971; Tomkins and McCarter, 1964). The two experts
then combined their results and arbitrated any affect disagreements.
Only those scores that represented positive affect or negative affect
and that both experts were extremely certain about after arbitration,

were then considered for analysis.
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CHAPTER 3
RESULTS

The data analysis was designed to answer one question.

This question was the extent of physiological differentiation between
positive and negative emotions (as classified by film, facial responses
and self-report). Different methodologies were used for answering this
question.

Methodology used in many previous studies was based on two
assumptions about emotion. The first assumption was that one stimulus
produces the same emotion for all subjects. The second assumption
was that the one emotion produced, lasts for the entire time that the
stimulus is present. The methodologies used in this study were designed
to test these two assumptions. This was done by examining whether
different subjects experienced different emotions and whether these
emotions only occurred at certain points within the film.

The stimuli used to elicite the emotions were a pleasant
film and an unpleasant film. The responses measured were facial
responses, self-report and physiological responses. The independent
measures were the film, facial responses and self-report. The dependent
measures were the physiclogical responses. Emotion was defined in four
ways for purposes of examining the physiological differences between
the emotions. These four ways were:

1. by film alone;
2. by film and facial response;

by film and self-report;

S~ W

by film, facial responses and self-report.
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Before the physiological data could be examined, it had to
be determined whether the films were effective in producing the expected
emotions and whether the facial responses and self-report results led
to rejection of the two assumptions stated above (viz. a stimulus elicits
the same emotion in all subjects and the emotion lasts for the entire
time the stimulus is present). These data will be presented first,

followed by the physiological data.

I. Facial Response Results

The facial activity coding yielded two results, The first
result was that the pleasant and unpleasant film elicited different
facial responses. The pleasant film elicited primarily positive facial
responses. The unpleasant film elicited primarily negative facial
responses. (Positive and negative facial responses are defined in -
Appendix F).

The second result was that within each film different
subjects responded with different facial responses. The pleasant film
elicited positive responses from some subjects and no responses from
other subjects. The unpleasant film elicited negative facial blends
(such as disgust/fear, fear/pain, etc.) in some subjects, positive
facial responses in some subjects and no facial responses in the re-
maining subjects (see Table II).

In addition, different segments of the films elicited
different responses from different subjects. Facial responses occurred
most often at two different points (see Figs. 3 and 4).* For the
pleasant film, the facial responses occurred during the first and

third scenes. As mentioned in methods, the second scene had been pro-

*See Appendix F for explanation of legends.



TABLE II

Number of Subjects Responding Facially Within Each Film

Pleasant Film (3 min. long)

Scene 1
(first min.)

Positive Facial Responses 19
No Facial Responses 16
Unpleasant Film (2 min. long)

Scene 1
(first min.)

Negative Facial Responses 23
Positive Facial Responses 7

No Facial Responses 9

Scene 2
(second min.)

2
33

Scene 2
(second min.)

19
6
10

45—

Scene 3
(third min.)

23
12
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SUBJECT NUMBER

Fig. 3 OCCURRENCE AND DURATION OF FACIAL ACTIVITY
IN THE PLEASANT FILM
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Fig.4 OCCURRENCE AND DURATION OF FACIAL ACTIVITY
IN THE UNPLEASANT FiLM
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duced to elicit positive self-report without eliciting positive facial
responses. Therefore, it was not surprising that the second scene

did not elicit facial responses. For the unpleasant film, the facial
responses occurred primarily during the two accidents. Table II presents
the number of subjects reacting with positive, negative or no facial
responses for each scene in each film.

For purposes of counting types of facial responses, each scene in the
pieasant film ended when the subject matter changed (i.e. monkey, ocean,
puppy). Each scene was therefore, 1 minute long. In the unpleasant
film, each scene was arbitrarily defined as 1 minute long to match the
scenes in the pleasant film. In the unpleasant film, the negative
and positive facial responses were not mutually exclusive.

In summary, the films did not elicit the same facial response
in all subjects, nor did the facial responses last for the entire
duration of the films as the two assumptions above suggested. There-
fore the two assumptions can be rejected for facial responses. In
addition, since the pleasant film elicited primarily positive facial
responses and the unpleasant film elicited primarily negative facial
responses, it can be concluded that the films were effective in eliciting
different emotions as defined by facial responses.

Results of the facial activity coding reliability and facial

activity classification reliability are presented in Appendix G.

II. Self-Report Results

The self-report data will now be examined to test the two

assumptions. The self-report data yielded two results. The first

result was that the pleasant film and unpleasant film each elicited dif-
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ferent self-reports. The pleasant film elicited primarily positive
self-reports. The unpleasant film elicited primarily negative self—
reports.

The second result was that within each film, subjects re-
sponded with different self-reports. The pleasant film elicited high
positive self-reports from some subjects and low positive self-reports
from other subjects. A self-report was considered "high positive" when
the positive affect (i.e. happy) was scored higher than each one of the
negative affects. A self-report was considered "low positive" when
the positive affect was not scored highest.

The unpleasant film elicited high negative self-reports from
some subjects and low negative self-reports from other subjects. A self-
report was considered "high negative" when one of the negative affects
(i.e. disgust, fear, pain, sad, or anger) was scored higher than the
positive affect, A self-report was considered "low negative" when the
negative affects were not scored highest, (i.e. each negative affect was
scored zero).

In addition, different scenes elicited different self-reports.
Table III presents the number of subjects scoring each positive and
negative affect as the highest in each scene. The affects of 'interest,'
'surprise,' and 'arousal' were also scored; however, they are not in-
cluded in the tabulation. Interest, surprise and arousal were omitted
because they themselves are not positive or negative, although they can
be scored along with a positive and negative affect.

In summary, the films did not elicit the same self-reports

from all subjects nor did the self-reports remain the same throughout
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TABLE III
Number of Subjects Rating Each Affect as the Highest*

Anger Disqust Fear Pain Sad Happy Nothing Scored

Pleasant Film

Scene 1 0 0 0 0 2 29 4
Scene 2 0 0 4 0 0 25 6
Scene 3 3 2 0 2 1 27 3

Unpleasant Film

Scene 1 3 13 15 17 5 0 2
Scene 2 3 10 18 17 4 0 2

*Note: When a tie occurred for highest rating, all self-reports with
that rating were counted. For this reason the scores do not all add up

to N=35.
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the entire films. Therefore the two assumptions stated above can be
rejected for self-report. In addition, since the pleasant film elicited
primarily positive self-report and the unpleasant film elicited
primarily negative self-report, it can be concluded that the films were
effective in eliciting different emotions as defined by self-report.

The results of the baseline self-report data are presented

in Appendix G.

III. Physiological Data Analysis

Once the two assumptions above had been rejected for facial
responses and self-report, the physiological data needed to be tested.
There were two hypotheses for the physiological data:

1. Is the same physiological response elicited for all subjects?

2. Do the physiological responses last for the whole time the films
are on? To test these hypotheses, two data manipulations were per-

formed. The first manipulation classified the subjects according to
emotions. Emotions were defined in four different ways:

1. by film alone;

2. by film and facial response;

3. by film and self-report;

4. by film facial response and self-report.

The second manipulation averaged the physiological data over
two different time segments:

1. for the length of each entire film;
2. for the 5 seconds prior to the facial response and for the first

5 seconds of the facial response.
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Although the study originally started out with 35 subjects, due to
intermittent equipment failures, the maximum number of subjects were
19 for heart rate, 12 for BSR, and 20 for respiration. When ever "all
subjects" are referred to in this text, they refer to these N's of 19,
12 and 20.

The subject classification will be described first, followed

by the description of the time segments.

Subject Classification: Film Alone

When film alone was used to classify the subjects, three
comparisons of the physiological data were made: subjects watching the
pleasant film vs. subjects watching the unpleasant film; subjects watching
the pleasant film vs. the baseline; subjects watching the unpleasant

film vs. the baseline (see Table IV, parts I-A and II-A).

Subject Classification: Film and Facial Response

When film and facial responses were used to classify the
subjects, three comparisons of physiological data were made: in the
pleasant film, positive facial responders vs. facial non-responders;
in the unpleasant film, negative facial responders vs. non-negative and
facial non-responders; in the unpleasant film, facial responders vs.
facial non-responders. Facial responders included negative facial
responders and any other facial responders (such as positive facial
responders) (see Table IV, parts I-B and II-B), See Appendix F for

a definition of positive and negative facial responses.

Subject Classification: Film and Self-Report

When film and self-report were used to classify the subjects,

two comparisons of physiological data were made: 1in the pleasant film,
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Type of
Analysis

. Entrie Period

(i.e. 3-min
Pleasant Film,
2-min Unpleas-

A1l subjects
during pleasant
film

A1l subjects
Baseline

One-way ANOVA
Repeated Measures

ant Film)

A. Film A11 subjects A11 subjects One-way ANOVA
during unpleasant Baseline Repeated Measures
film
A11 subjects A11 subjects One-way ANOVA

~pleasant film Unpleasant film Repeated Measures

B. Film and Pleasant film Pleasant film One-way ANOVA

Facial Positive Facial Facial non-
Response Responders Responders
Unpleasant film Unpleasant film One-way ANOVA
Negative Facial Non-negative +
Responders Facial Non-
responders
Unpleasant film Unpleasant film One-way ANOVA
Facial Responders Facial Non-
responders
C. Film and Pleasant film Pleasant film One-way ANOVA
Self- High positive Low positive
Report self-report self-report
Unpleasant Film Unpleasant film One-way ANOVA
High negative Low negative
self-report self-report
Five second Pleasant film One-way ANOVA

Before :Facial
Response +
Five second
During Facial
Response
Periods

A. Film

all subjects
Before Facial
Response

Pleasant film
all subjects

During Facial
Response

all subjects
Baseline

all subjects
Baseline

Repeated Measures

Ore-way ANOVA
Repeated Measures
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Table IV (con't)
Physiological Subject Subject Type of
Data Time Group VS. Group Analysis
Segments
Five second Unpleasant film Baseline One-wdy ANOVA

Before Facial
Response or
Five second
During Facial

all subjects
Before Facial
Response

Unpleasant film
all subjects
During Facial
Response

Pleasant film
A11 subjects

all subjects

Baseline
all subjects

Unpleasant film
A11 Subjects

Repeated Measures

One-way ANOVA
Repeated Measures

Two-way ANOVA
Repeated Measures
(film by
Before-During)

Pleasant film
Positive Facial
Window Responders

Unpleasant film
Negative Facial
Window Responders*

Unpleasant film
Facial Window
Responders

Pleasant film
Facial Window
Non-responders

Unpleasant film
Facial Window
Non-negative +
Non-responders

Unpleasant film
Facial Window
Non-responders

Two-way ANOVA
(facial response
by Before-During

Two-way ANOVA
(Facial response
by Before-During)

Two-way ANOVA
(facial response
by Before-During

Response

(con't)

A. Film
(con't)

B. Film and
Facial
Response

C. Film and

Self-Report

Pleasant film
High positive
self-report

Unpleasant film
High negative
self-report

Pleasant film
Low positive
self-report

Unpleasant film
Low negative
self-report

Two-way ANOVA
(self-report by
Before-During)

Two-way ANOVA
(self-report by
Before-During)

D. Film,
Facial
Response
and self-
report

Pleasant film
Positive Facial
Window Responder
+ High Positive
self-report

Unpleasant film

Negative Facial

Window Responder
+ High Negative

self-report

Two-way Repeated
Measures ANOVA
(Film by Before-
During)

* See p.56 for explantion of facial window responders & non-responders.
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subjects with high positive self-report vs. subjects with Tow positive
self-report; in the unpleasant film, subjects with high negative self-
report vs. subjects with Tow negative self-reports (see Table IV, parts

I-C and II-C).

Subject Classification: Film, Facial Response and Self-Report

When film, facial responses and self-report were used to
classify the subjects, one contrast was made. The contrast was the
physiological data of subjects during the pleasant film vs. their
physiological data during the unpleasant film. These subjects had
positive facial responses and high positive self-report in the pleasant
film and negative facial responses and high negative self-report in the
unpleasant film. These were the same subjects and so a repeated
measures design was used (see Table IV, part II-D).

These different subject contrasts were done to test the two
hypotheses stated above. The subject contrasts are summarized in

Table IV.

Time Segments:

The physiological data were averaged over two time segments.
The first was based on the assumption that an emotion elicited by a
stimulus would last as long as the stimulus was present. The following
predictions could therefore be made: positive emotion (expressed
physiologically) would be present during the entire three minute
pleasant film; negative emotion (expressed physiologically) would be
present during the entire two minute unpleasant film. To test

these predictions, each subjects physiclogical responses were averaged
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for the three minutes of the pleasant film. Each subjects physiological
responses were averaged for the two minutes of the unpleasant film

(Table IV, part I). An analysis of the averaged three- and two minute
physiological data should yield physiological differences if the positive
and negative emotions were present for a substantial amount of the time
the pleasant and unpleasant films were on.

The second time segment in which the physiological data were
treated was based on Tomkins' (1962) idea that emotion was "fleeting."
The data during the first 5 seconds of a facial response were averaged.
The data were also averaged for the 5 seconds immediately preceding
the facial response since little is known about the time course of
physiological responses and facial responses (Table IV, part II). This
treatment presented some problems however. There were no facial re-
sponses from which to choose 5 seconds for the group of subjects who
were facial non-responders. If 5 second periods for each subject were
randomly chosen for this group, it would be difficult to know if any
statistical results would be due to differences between emotions or due
to differences between different segments of the films. Therefore a
ten-second window was chosen within each film. This segment represented
the largest number of facial responses from the pool of all subjects.

Facial non-responders were those subjects who showed no facial
response during the ten-second window. (This was true even if such
subjects had shown facial responses at some other time during the film.)
The first 5 seconds of the ten-second window became their "Before Facial

Response" period. The last 5 seconds of the ten-second window became

their "During Facial Response" period, These subjects were called facial
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window non-responders to distinguish this group of subjects from that
group of subjects that never showed a facial response.

For the pleasant film, this ten-second window of facial
responses (that is, the densest ten-second window) occurred during the
last scene (puppy dog scene). For the unpleasant film the ten-second
window of densest facial responses occurred during the second accident.
For a subject to be classified as a facial responder (such as positive
facial responder, negative facial responder, etc.), she had to have a
facial response that overlapped with the ten-second window. This over-
lap had to be at least one second. The physiological data from the
first five seconds of that facial response, whether they occurred during
the ten-second window or not, were then averaged. This was called the
During Facial Response period. The 5 seconds immediately preceding the
start of the facial response was called the Before Facial Response
period.

In summary, the different analyses were based on the different
subjects comparisons and on the two time manipulations of the physio-
logical data. The analyses are summarized in Table IV. In addition,
the sample sizes for each analysis is listed separately for HR, BSR

and respiration in Table V.

IV. EEG Data

The EEG analog tape recorded data were digitized on a PDP-15
computer at the rate of 64 samples per second, with a window of 1 second.
The data were then broken down into six frequency bands via power
spectral analysis: 1low theta (4-5Hz), high theta (6-7Hz), low alpha
(8-10Hz), high alpha (11-13Hz), low beta (14-18Hz), and high beta (19-22Hz).



-58-~

TABLE V

Sample Sizes for Analyses

ENTIRE FILM BEFORE-DURING
Facial Response
HR BSR  RESP HR BSR RESP

A1l Subjects 19 12 20 19 12 20
Pleasant Film:

Positive Facial

Responders 15 10 17 11 8 14

Facial

Non-responders 4 2 3 8 4 6

High Positive

Self-report 11 8 14 12 8 15

Low Positive

Self-report 8 4 6 7 4 5
Unpleasant Film:

Negative Facial

Responders 10 8 11 8 6 9

Non-negative +

Facial

Non-responders 9 4 9 11 6 11

Facial Responders 14 10 15 11 8 12

Facial non-

Responders 5 2 5 8 4 8

High negative

Self-report 16 11 18 16 11 18

Low negative

self-report 3 1 2 3 1 2
Pleasant + Unpleasant
Films:

Positive Facial

Responders +

High self-report -- -- -- 4 3 7

Negative Facial
Responders +
High self-report -- -- -- 4 3 7
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The total power (intensity) was divided by the band width (Hz) to
give a measure of spectral intensity for each frequency band. EEG
standardization was then done by using a data analysis program generated
by Gevins et al. at the EEG Systems Group at Langley Porter Neuro-
psychiatric Institute.

Preliminary analyses revealed no significant differences among
the data comparisons. Due to breakdown of the EEG equipment, many
of the original records were contaminated with eye movement artifact.
No further EEG analyses were computed. The mean scores for the EEG

data presented in Appendix H.

V. Autonomic Physiological Data

The autonomic data were initially converted to digital data
(A-D conversion) on a PDP-15 computer at the rate of 1 sample/second.

This was done for visual and graphic examination only. Visual examination
of the polygraph records and of the digitized EMG data showed no

changes in either EMG channel during either of the films. Further
analysis was therefore not necessary to confirm that there were no
physiological differences between the emotions for EMG.

Heart rate (HR) and basal skin resistance (BSR) were redigitized
on a PDP-7 computer at the rate of 5 samples/second. Respiration was
hand scored to calculate the peak-to-peak amplitudes per breath.

The HR and BSR data were then standardized for each subject in
relation to the mean and variability of her own baseline data. This
standardization was done to eliminate unequal contributions from the
different subjects to the total sample variance due to differences in
intrinsic physiological lability, The formula used for standarization

was (X-ib/ op) 10 + 50, where x was the heart rate or BSR score for a subject,
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¥, was her baseline mean and g, was her baseline standard deviation.

The data from both baselines were combined in computing YL and Ob

since the two baselines were not significantly different from each
other. These standardized scores were used in the statistical analyses
since they could readily be compared with the standardized baseline
mean and standard deviation of 10 and 50 respectively. The variability
of BSR and HR associated with each of the mean was not itself analyzed.

The thoracic (T) respiration and abdominal (A) respiration
peak-to-peak amplitudes were hand measured since the abdominal channel
was tape recorded only for the last eight subjects. An index, T-A/
(T+A/2) was computed based on an index similar to that generally used
to determine EEG hemispheric dominance. This index was more reliable
than the straight T:A ratio since the latter would not be symmetrical
about T+A. By dividing T-A by the mean of T+A, an adjustment was made
for the different amplitudes of the breaths. Therefore, an index greater
than zero meant T-dominance. A negative index meant A-dominance. An
index equal to zero mean equal amplitudes of T and A.

The respiration index was standardized for each subject in
relation to the mean and variability of her own baseline data. This

was the same standardization procedure used for the HR and BSR data.

VI. Physiological Results

The results indicated that there were no significant differences
when HR, BSR and respiration data were each averaged over the 3 minutes
of the pleasant film and over the 2 minutes of the unpleasant film.

This was true regardless of how the subjects were classified (Table IV,

Part I-A, I-B, I-C).
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Subject Classification: Film Alone and Five Second Time Segment
(Table IV, Part II-A):

However, when the HR, BSR and respiration data were averaged
over the 5 second Before Facial Response period and over the 5 second
During Facial Response period, some significant results emerged. The

mean scores were:

TABLE VI

Mean Scores for A11 Subjects

Pleasant Film Unpleasant Film
HR BSR RESP HR BSR RESP
Baseline 50 50 50 50 50 50
Before Facial Response 53.6 51.5 55 51 54.2 54.5
During Facial Response 50.3 60.5 44 .5 55 47.9 66.4
Sample Size (n) 19 12 20 19 12 20

Compare first the Before and During Facial Response periods
with baseline means. The Before Facial Response HR mean (§;53.6) was
significantly higher than the baseline HR mean (Xx=50) in the pleasant
film (F=5.515;df=1/18;p=.03). However, the difference between the
During Facial Response period HR mean and baseline HR mean in the pleasant
film was not significant.

In the unpleasant film, there was also no significance in the
difference between Before Facial Response period HR mean and baseline HR
mean for all subjects. There was however, a significant difference between
the During Facial Response period HR mean (x=55) and baseline HR mean

(X=50) for all subjects in the unpleasant film (F=6,067;df=1/18;p=,02).
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There were no significant BSR or respiration results for
the above comparisons involving baseline means.

The results of the two-way analysis of variance of the Film x
Before-During Facial Response for all subjects indicated significant
interaction effects for HR, BSR and respiration. The interaction was
significant at p=.004 for HR (F=11.023;df=1/18). The interaction was
significant at p=.06 for BSR (F=4.498;df=1/9). The interaction was
significant at p=.035 for respiration (F=5.136;df=1/19). These results
are presented in Fig. 5 (HR), Fig. 6 (BSR), and Fig. 7 (respiration).

One-way analyses of variance were done comparing the Before
Facial Response periods to the During Facial Response periods in each
film to further examine the two-way interactions. In the pleasant film,
the Before Facial Response period HR mean (x=53.6) was almost significantly
higher than the During Facial Response period HR mean (x=50.3) (F=3.675;
df=1/18;p=.07). In this same film, for BSR and respiration, although
there were large mean differences the standard deviations were so large
that fhere were no significant differences.

In the unpleasant film, the Before Facial Response period
HR mean (X=51) was significantly lower than the During Facial Response
period HR mean (x=55) (F=8.711;df=1/18;p=.008). In this same film, the
Before Facial Response period BSR mean (x=54.2) was significantly higher
than the During Facial Response period mean (x=47.9) (F=4.726;df=1/9;
p=.05). The Before Facial Response period respiration mean (X=54.5)
was significantly less thoracically dominant than the During Facial

Response period respiration mean (x=66.4) (F=5.857;df=1/19;p=.02).



-63-

60k Pleasant Film

W
N
T

o
(4

22 3-8

Unpleasant Film

~ B - 4T o .
- ond.-J T Ve . L

~ Stondgedized HB, Scores o

o
-

Pleasant Film

.x

.L —

Before During

47k

Figl5_ STANDARDIZED HEART RATE SCORES:
mn# TION EFFECT (p=.004)

FILM x BEFORE — DURING FACIAL RESPONSE

Fiag | fﬂl’(AkLSUBJMS (nﬂﬁ)
!NTFPA«"’% i




-£o-

mlid tnpoanslgnl 1¢¢

182 2

&

18¢ »

= )

188 &

112 2

mlid tnozoslq =
-106 P~

} }
A3 pnivwd A3 g10t98

1237002 3TAA TRA3H Q3SIQAAQUATS & pid
($00.=¢) TI3F33 KSITIARTTHI

3209231 JAIDAT ouIfud —370338 x MJI7
(€1=r) 27334802 JJA 803



-64-

6l
| Pligagrie Gllant
S99
S8
5Th
- § 56
¥ R
e N
£ s
7 : 'g 52
@ siE
%2F 50
wil
50 - 49 B
Zg: 48} Unpleasant Film
L 47r |
b Before During
44

Fig.6 STANDARDIZED BSR SCORES:
INTERACTION EFFECT (p=.06)
. "ORE— DURING FAGIAL RESPONSE
e Sﬁw}%ﬂ ALL SUBJECTS (n=12)
INTERAL . o
FILS x BSFCS
FOR AL

R T o % O



mlid tnoensld

mli3 tnpepslgnU

. ""; 1 L
T ,

J

L

1 1 L 1 1l L 1 1 1

..

1

L

19
03
ec
8¢
\[+
ac
e

&
S¢
Ic

8
»

A7 paiwd A3 10198

1237002 A28 Q3TICAATHATR 3.pid

(80.=q) TO3333 MOITIARITHI

3cn0923A JAIDAT anIAUa —370738 x MJIA

(SI=n} 2TO3L8U2 JJA 03

pe

02
ep

colauqairqiseq ey 2cowee



Standardized Respiration Index

66 Unpleasant Film
65
64
63
62
6l
60
59
58
57
56
55
54
53
52
51
50
49
48
a7
46
by . r_Pleasant Film

1
Before During

Fig.7 STANDARDIZED RESPIRATION INDEX:
INTERACTION EFFECT (p=.035)
FILM x BEFORE-DURING FACIAL RESPONSE
FOR ALL SUBJECTS (n=20)




-66-

Subject Classification: Film, and Facial Response, and Film and Self-
report - Five Second Time Segmenis (1abie 1v, Part II Band C)

In the unpleasant film, the Before-During Facial Response main
effects were significant, regardless of how the subjects were grouped.
That is, once the independent variable of densest facial responses was
used to choose an area within each film, it no lonaer mattered how the
subjects were classified. The following results were always significant:
1. For heart rate, the Before Facial Response period mean was less than
the During Facial Response period mean;

2. For BSR, the Before Facial Response period mean was greater than
the During Facial Response period mean;

3. For respiration, the Before Facial Response period mean was less
than the During Facial Response period mean.

In addition in the unpleasant film, there were no significant
differences in HR, BSR or respiration between the facial window responders
and non-responders, between the facial window negative responders and the
non-negative and facial window non-responders, or between the high negative
self-reporters and the low negative self-reporters, except for the
Before-During Facial Response main effect already mentioned.

In the pleasant film, there were also no significant differences
in HR, BSR or respiration between the positive facial window responders
and the facial window non-responders or hetween the high positive self-
reporters and the low positive self-reporters.

Subject Classification: Film Facial Response and Self-Report - Five
Second Time Segments (Table IV, Part II-D)

When the physiological data of subjects with positive facial
responses and high positive self-reports in the pleasant film and negative

facial responses and high negative self-reports in the unpleasant film
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were compared, there were no significant results for the standardized
respiration index. However, when the same analysis was repeated for
standardized thoracic scores and standardized abdominal scores (instead
of the standardized index), there was a singificant film by Before-During
(two way) interaction (F=5.599;df=1/6,p=.05). This was the same main
effect seen above. The positive Before Facial Response mean (;561.6)
was more thoracically dominant than the positive During Facial Response
period mean (X=43.2). On the other hand, the negative Before Facial
Response period mean (x=45.5) was less thoracically dominant than the
negative During Facial Response period mean (x=63.9). This interaction
is shown in Fig. 8.
There were no significant HR or BSR results for this comparison.
In conclusion, when the facial responses were used as window
indicators, there were significant physiological differences between the
positive and negative affects. However when the facial responses and self-report
were used to further classify subjects, there were no additional significant
results.

Table VII summarizes all the significant results.



Sto‘wi\da_’rdi!zed Therqcle Scores

-68-

0

60 - Negative Affect
50} ><
Positive Affect

40

1 1
|

Before During

Fig.8 STANDARDIZED THORACIC SCORES
| FOR POSITIVE AND NEGATIVE AFFECTS
BEFORE AND DURING FACIAL RESPONSE (p=.05)(n=T)




107

tostiA svitopald 403
>< 02

tashtA svitizod Hos

A3 pninO A3 9;o¥98
¢3£002 JI0A7R0HT Q3SIJRAGKATE 8.pid

cTJ333A 3VITA3YW CiA 3VITI209 RO .
(V=n)(20.2q) 2C1:GA2373 JAI2AT CinUT GHA 370733

2,aUqaLQISEq 1 pOLACIC COL62



-69-

TABLE VII

Significant Results

Pleasant Film Baseline HR

- =.03
A11 subjects A11 subjects P
Before Facial Response (X=50)
(x=53.6)
Unpleasant Film Baseline HR p=.02
A1l subjects A1l subjects
During Facial Response x=50)
(x=55)
Pleasant Film Unpleasant Film
A1l subjects A1l subjects
Interaction effects found: HR p=.004
Film x Before-
During
BSR p=.06
Film x Before
During
Respiration p=.035
Film x Before
During
Further analysis showed:
Unpleasant Film Unpleasant Film
Al11 subjects A1l subjects
Before Facial Response During Facial Response
HR:  x=51 x=55 p=.008
BSR: 54.2 47.9 p=.05
Respiration: 54.5 66.4 p=.02
Pleasant Film Unpleasant Film
Positive Facial
Responders Negative Facial Responders
+ High Positive Self + High Negative Self
Reporters Reporters

Respiration (Film x Before-During interaction) p=.05
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CHAPTER 4

DISCUSSION

The major conclusions of this study contradict much of the
previous research on the psychophysiological differentiation of emotion.
One of the accepted views has been that of general physiological
arousal responses to emotion. Our results indicate that the physio-
logical responses to a positive emotional stimulus (pleasant film)
are different from the physiological responses to a negative emotional
stimulus (unpleasant film).

In addition, our methodology allcwed us to show why some
other studies found no physiological differentiation while our study
did. Previous research assumed that all subjects would respond to a
single stimulus with the same emotion. Our results indicated that the
films did not elicit the same emotion (as measured by facial response
and self-report) in all subjects. Previous research also presumed that
the emotion elicited lasted for the entire duration of the stimulus.
Our results indicated that the emotional responses did not last for the
duration of the films.

When our data were analyzed in the same manner as the data
of studies supporting the general arousal theory, we reproduced their
findings. The physiological data were averaged over the 3 minute and
2 minute films. There were no significant physiological differences.
However, when we utilized an independent variable to determine what
emotion was present, when emotion was present and in which subjects
the emotion was present, the analyses revealed findings not previously

found.
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In this study, the other independent variable used was facial
response. The ten second window eliciting the most facial activity
among all the subjects as a group was chosen. The physiological data
for the 5 seconds immediately preceding the facial response and
the first 5 seconds during the facial response were each compared to
baseline and to each other for the different classifications of subjects.
There were significant HR results for all subjects within each film
when the 5 second periods were compared to baseline. There were
significant HR, BSR, and respiration results for all subject comparisons
within the unpleasant film when the 5 second periods were compared to
each other.

The significant respiration results were as Darwin (1882),
Tomkins (1963) and Plutchik (1962, 1966) would have predicted. Darwin
wrote that the facial activity accompanying disgust had evolved from the
act of eliminating something distasteful from the mouth, or from the
act of avoiding the irhalation of a noxious smell (thus implying shallow
breathing). Tomkins and Plutchik theorized that disgust was therefore
a rejection of something. The negative affect in this study (as defined
by film, and facial response) was primarily disgust with blends of fear,
pain, sad, and/or anger. Therefore one would expect the disgust
(i.e. rejection) to be accompanied by upper chest breathing. In fact,
the Before-During Facial Response period significantly interacted with
the Films (p=.03). In the unpleasant film, the During Facial Response
period was significantly more thoracially dominant (i.e. upper chest
breathing) than the Before Facial Response period. In the pleasant film,

the During Facial Response period (i.e. positive facial responses) was
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more abdominally dominant than the Before Facial Response period.

This result was true when subjects were categorized by film alone, film
and facial response, film and self-report, and, film, facial response
and self-report.

The significant heart rate results in the unpleasant film
were as Lacey (1958) would have predicted. Lacey's theory states that
with environmental rejection, one sees a heart rate increase, while with
environmental intake, one sees a heart rate decrease. We have
already determined that the negative affect in this study was equivalent
to rejection based on Darwin (1882), Tomkins (1963) and Plutchik (1962,
1966), and based on the respiration results. When the heart rate data
were analyzed, there was an interaction effect between Film and the
Before-During Facial Response periods (p=.004). In the unpleasant film
(i.e. environmental rejection) heart rate was in fact significantly
higher in the During Facial Response period than in baseline (p=.02)
or in the Before Facial Response period (p=.008).

In the pleasant film (environmental intake), the heart rate
decreased from the Before- to the During Facial Response period (p=.07).
It is important to note here that within the pleasant film the heart
rate data significantly increased from baseline to the Before Facial
Response period (p=.03). This result is not predicted by Lacey's
hypothesis. It was an unexpected result and requires further study.

The HR then decreased from the Before- to the During the Facial Response
period. This decrease in the During Facial Response period may have
been dependent on the increase in the Before Facial Response period.
This result may have been due to an anticipation of the unknown. It

is very difficult to interpret.
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There were no significant results when the heart rate data
of subjects with positive affect were compared to their data during
negative affect (as defined by film, facial response and self-report).
However, the heart rate data during the negative affect were higher
than those during the positive affect. The lack of significance may
have been due to the small sample size (n=4).

The heart rate increase seen during the negative affect also
supports the results of Ekman et al., (1971). Ekman et al., found
that unstandardized heart rate data decreased for the 3-5 seconds before
the face showed the response of disgust, when the data were graphed and
analyzed second-by-second. There was then a change in direction 2
seconds before the face visibly moved. This increase then continued
for the next 5 seconds. When our unstandardized heart rate data for
subjects showing facial disgust and self-reports of disgust higher than
any other affect (n=7) were graphed in one second epochs, the results
resembled those of Ekman et al., (see Fig. 9). However, when the
standardized HR data were graphed in the same way, there was no decrease
in heart rate prior to the facial response. There was however, still
an increase in heart rate during the first 5 seconds of the facial
response. Because this data was based on a small sample (n=7), the lack
of a decrease in the standardized data may imply that the decrease seen
in the unstandarized data was caused by one or two subjects showing
significantly lower heart rates in that time period rather then having
been caused by an emotional reaction.

When the basal skin resistance data were anlayzed for all
subjects for the Before- and During Response periods, there was an

interaction effect with Film (p=.06). BSR decreased from the Before-
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to the During Facial Response period in the unpleasant film (p=.05)
BSR increased from the Before- to the During Facial Response period
in the pleasant film. These results are what one might expect to see
since a decrease in resistance (i.e. increased sweat) is compatible with
subjective reports that accompany negative feelings. At the same time,
an increase in resistance (i.e. less sweat) is compatible with a relax-
ation response. While positive affect is not synonomous with relaxation,
the two certainly are compatible responses.

The BSR data for subjects with positive and negative affect
(as defined by film, facial response and self-report) were not signifi-
cant. This may have been due to the small sample size (n=3).

It is important to note that for the within film comparison
results, it no longer mattered whether or not the subjects showed a
facial response once the time window of the denses<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>