Distribution Agreement

In presenting this thesis or dissertation as a partial fulfillment of the requirements for an
advanced degree from Emory University, | hereby grant to Emory University and its
agents the non-exclusive license to archive, make accessible, and display my thesis or
dissertation in whole or in part in all forms of media, now or hereafter known, including
display on the world wide web. | understand that | may select some access restrictions
as part of the online submission of this thesis or dissertation. | retain all ownership
rights to the copyright of the thesis or dissertation. | also retain the right to use in
future works (such as articles or books) all or part of this thesis or dissertation.

Signature:

Jennifer S. Wilson Date



Cardiorespiratory Patterns Characterize Emotions
Across Elicitation Contexts

By

Jennifer S. Wilson
Master of Arts

Cognitive and Developmental Psychology

Stephan Hamann, Ph.D.
Advisor

Scott Lilienfeld, Ph.D.
Committee Member

Lawrence Barsalou, Ph.D.
Committee Member

Accepted:

Lisa A. Tedesco, Ph.D.
Dean of the Graduate School

Date



Cardiorespiratory Patterns Characterize Emotions
Across Elicitation Contexts

By

Jennifer S. Wilson
B.S., University of Georgia, 2006

Advisor: Stephan Hamann, Ph.D.

An abstract of
a thesis submitted to the Faculty of the Graduate School of Emory University
in partial fulfillment of the requirements for the degree of
Master of Arts
in Cognitive and Developmental Psychology
2009



Abstract

Cardiorespiratory Patterns Characterize Emotions Across Elicitation Contexts
By Jennifer S. Wilson

Emotion-specific physiological activity is a central element of theories of discrete or
basic emotions. Previous studies provide partial support for this proposal, suggesting
that participants’ autonomic physiological responses during emotion induction differ
based on the induced emotion. Patterns of physiological activity that differentiate
emotions consistently across multiple contexts have not yet been identified. This study
investigated the extent to which anger, fear, disgust, happiness, and sadness could be
discriminated on the basis of cardiorespiratory activity within two experimental
contexts. Electrocardiogram, impedance cardiogram, and respiratory activity was
recorded while participants recalled emotional and neutral experiences from the past,
and watched film clips designed to elicit the target emotions and a neutral state.
Dependent cardiovascular measures included heart rate, heart rate variability,
respiration rate and amplitude, and respiration-linked heart rate variability.
Participants’ subjective ratings of their emotional responses indicated that both
recollection and film clips elicited strong emotional responses consistent with the
targeted emotion category. Univariate and multivariate ANOVAs evaluating the effect of
emotion on cardiorespiratory responses indicated strong effects of emotion on
respiration frequency, and unexpectedly smaller effects on heart rate and heart rate
variability, in both film and recall conditions. Principal components analysis reduced the
dependent variables to components reflecting, respectively, respiratory frequency,
heart rate, heart rate variability, and respiratory amplitude. The effect of emotion on
the pattern of components observed for each emotion type was tested using MANOVA,
which revealed significant increases along the respiration component in Happiness and
Fear relative to Disgust in the emotional recall condition. No significant effects of
emotion were observed in the film condition. Stepwise discriminant analyses then
tested the possibility of discriminating emotions in the emotional recall condition, based
on the pattern of cardiorespiratory components observed for each emotion type. A
discriminant function based on the respiration component allowed emotion
classification at an overall correct rate of 30.7% (compared to a 20% rate at chance
performance). These findings point to core cardiorespiratory responses for each
emotion type that remain constant across several contexts of elicitation; however,
findings also highlight the influence of non-emotional contextual effects on responses to
emotion-inducting stimuli.
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Abstract
Emotion-specific physiological activity is a central element of theories of discrete or
basic emotions. Previous studies provide partial support for this proposal, suggesting
that participants’ autonomic physiological responses during emotion induction differ
based on the induced emotion. Patterns of physiological activity that differentiate
emotions consistently across multiple contexts have not yet been identified. This study
investigated the extent to which anger, fear, disgust, happiness, and sadness could be
discriminated on the basis of cardiorespiratory activity within two experimental
contexts. Electrocardiogram, impedance cardiogram, and respiratory activity was
recorded while participants recalled emotional and neutral experiences from the past,
and watched film clips designed to elicit the target emotions and a neutral state.
Dependent cardiovascular measures included heart rate, heart rate variability,
respiration rate and amplitude, and respiration-linked heart rate variability.
Participants’ subjective ratings of their emotional responses indicated that both
recollection and film clips elicited strong emotional responses consistent with the
targeted emotion category. Univariate and multivariate ANOVAs evaluating the effect of
emotion on cardiorespiratory responses indicated strong effects of emotion on
respiration frequency, and unexpectedly smaller effects on heart rate and heart rate
variability, in both film and recall conditions. Principal components analysis reduced the
dependent variables to components reflecting, respectively, respiratory frequency,
heart rate, heart rate variability, and respiratory amplitude. The effect of emotion on

the pattern of components observed for each emotion type was tested using MANOVA,
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which revealed significant increases along the respiration component in Happiness and
Fear relative to Disgust in the emotional recall condition. No significant effects of
emotion were observed in the film condition. Stepwise discriminant analyses then
tested the possibility of discriminating emotions in the emotional recall condition, based
on the pattern of cardiorespiratory components observed for each emotion type. A
discriminant function based on the respiration component allowed emotion
classification at an overall correct rate of 30.7% (compared to a 20% rate at chance
performance). These findings point to core cardiorespiratory responses for each
emotion type that remain constant across several contexts of elicitation; however,
findings also highlight the influence of non-emotional contextual effects on responses to

emotion-inducting stimuli.
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Cardiorespiratory Patterns Characterize Emotions
Across Elicitation Contexts

An emotion involves a complex interaction between the brain, the body, and the
external world. Psychological research focusing on the role of the body and visceral
responses in this interaction has its foundations in the concepts and writings of William.
His theory of standard emotions describes the emotion experience as the direct
perception of differing physiological states originating in the viscera, a model which
strongly influences research paradigms focused on emotion states like fear, happiness,
anger, sadness, and disgust (James, 1894). This type of scientific definition also parallels
the naive conceptualization of emotions. Intuitively, we conceive of separate emotions
as differentiable, state-like entities which we perceive through feeling --sensing
reactions in our bodies. Affective research has subsequently placed great emphasis
upon developing models of emotion which explain the role of visceral responses in ways
that fit our subjective concepts of emotion states. A body of evidence has grown to
support the theory of basic or discrete emotions, which suggests that emotions evolved
as innately defined neural reactions to what we encounter in our external and internal
worlds, and that the neural reaction for each emotion is accompanied by programmatic
responses in peripheral autonomic systems as well (Ekman, 1999). However, the
specific patterns of physiological activity that accompany each emotion, as well as the
way in which we perceive and interpret these patterns remains unclear (Caccioppo,

Berntson, Larsen, Poehlmann, & Ito, 2000; Sequeira, Hot, Silvert, Delplanque, 2009).
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The purpose of the current study is to test the proposition that emotional experiences
can be separated into discrete categories based on patterns of physiological responses.
The manner in which visceral states contribute to our emotional experiences has
been a hugely active area of research. Early findings were often negative. Using
epinephrine injection to induce states of physiological arousal, Schacter and Singer
(1962) found that participants who had no explanation for feelings of arousal could be
induced to behave as though they were angry, happy, or amused, depending on the
experimental context. Their influential interpretation proposed that physiological
activity varies merely in intensity, and that cues from the situational context are most
important type of information that we use to recognize and separate different types of
emotions. However, subsequent studies found that participants who received a placebo
injection did not differ in behavior from those receiving epinephrine (Marshall &
Zimbardo, 1979), instigating a new line of research which tested the possibility that
participants may identify emotion states even in the absence of any physiological
arousal. For example, Chwalisz, Diener, and Gallagher (1988) found that persons with
spinal-injuries, whose perception of visceral states was impaired, did not differ from
control participants in their ratings of their subjective experience of emotion, and some
reported increases in the levels of joy, love, and sadness since the time of their injury. At
first glance, such findings would seem to nullify claims that perceptions of visceral states
are essential to the emotion experience—if persons who cannot feel anything in their
bodies can still experience emotion, it would seem unlikely that emotions are essentially

visceral states.
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These findings with spinal-impaired participants, though compelling, do not
preclude the possibility that, in healthy persons, visceral changes contribute important
cues to the emotion perception and recognition process. The emotions of the spinal-
impaired participants were measured through self-report of probable emotional
reactions to hypothetical situations and reports of changes in emotionality before and
after the injury. Such ratings do not require perception of autonomic activation at the
time of the experiment, and are likely to rely more heavily on cognitive appraisal of trait
emotionality. To provide more direct measurement of the role of autonomic activity in
the emotion experience, recent studies have focused on eliciting emotion during the
experiment, and measuring a wide range of physiological and subjective responses to
capture the multidimensional nature of emotional experience. Positive evidence for
physiological activity that differentiated several emotion states appeared in Paul
Ekman’s study of emotion elicited through directed facial action and recollections of
emotional experiences, in which anger was characterized by high heart rate and high
skin temperature, fear and sadness were characterized by high heart rate and low skin
temperature, and happiness, surprise, and disgust were characterized by low heart rate
(1983).

Studies following in this vein uncovered a variety of physiological responses that
differed between emotional and neutral states, as well as responses that differed across
each type of emotion. The specific physiological indices which differentiate emotions in
each study vary widely across studies, however, and the type of physiological activity

that characterize an emotion in one study do not often overlap activity associated with
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that emotion in any other study (Caccioppo, Berntson, & Klein, 1992; Turner & Ortony,
1992; Cacioppo et al., 2000), suggesting that no single dependent measure of
physiological responding captures the core features of an emotion which remain
constant across different elicitation contexts. Evidence for some essential elements of
peripheral activation which differentiate emotions across multiple contexts is essential,
however, to the survival of theories of discrete emotion because their definition of a
discrete emotion relies heavily on the idea that visceral afference differentiates the
“unique feeling state” associated with each emotion (lzard, 1992).

Multivariate and pattern classification techniques provide a more externally valid
method of measuring emotional physiological responses, as emotions involve
simultaneous changes in many bodily systems. Furthermore, pattern classification
analyses are optimal for measuring response specificity, because they can test
consistency in responses across individuals or instances of emotion, as well as
discriminability between classes of emotion (Stemmler, 2004). Emotion-specific
patterns of activity have been observed in participants’ autonomic profiles across many
types of emotion elicitation paradigms: emotional photographs (Collet et al., 1997),
olfactory stimuli (Vernet-Maury et al., 1999), musical excerpts (Etzel, Johnsen,
Dickerson, Tranel, & Adolphs, 2006), and film clips (Christie & Friedman, 2004; Kreibig,
Wilhelm, Roth, & Gross, 2007). Although some multivariate studies identify patterns of
emotion that characterize and differentiate two emotions, (i.e. sadness and fear in

Kreibig et al., 2007), unique physiological patterns have been demonstrated within-
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study for up to four discrete emotion states, such as fear, anger, happiness, and
sadness (Christie & Friedman, 2004; Rainville, Bechara, Naqgvi, & Damasio, 2006).

However, the proposal that each emotion state would be consistently (across
trials, participants, or experimental contexts) and differentially correlated with
characteristic patterns of autonomic nervous system activity has not been conclusively
supported. Firstly, characteristic patterns of autonomic activity which differentiate
disgust from other emotion states have not yet been observed for the emotion of
disgust. Disgust—along with anger, fear, sadness, happiness, and surprise--forms one of
the group of “basic” emotions which have been demonstrated to evoke discrete
responses (such as facial expressions) that are consistent across many individuals,
situational contexts, and cultures (Ekman, 1999). Because “basic” emotions have been
shown to elicit discrete responses in overt, communicative responding, discrete theory
points to this set of emotions as a group of likely candidates for discrete and
characteristic physiological patterning as well.

A second concern arises from the fact that the pattern classification approaches
used in several multivariate studies produced results which cannot be generalized to
responses outside of the precise set used to define the classification functions. Pattern
classification analyses train a set of classification functions to place boundaries upon a
multi-dimensional space. Once training has been completed, the ability of the trained
functions to blindly classify individual instances of each class is tested. The results of
such tests can be very inflated if the same data points are used for both training and

testing. Christie and Friedman (2004) reported very high classification success for
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physiological responses to the target emotions of amusement, anger, contentment,
fear, and sadness. This was the greatest reported number of emotions shown to be
differentiable on the basis of physiological data to date. However, these results have
not been shown to be externally valid because the same data points were used to train
and test the classification functions. Similarly high classification rates have been
reported in other studies which did not use an externally valid testing method (i.e.
Nyclicek, Thayer, & VanDoornen, 1997). Studies using more externally valid
classification tests, such as the leave-one-out method or the reservation of data points
to be used only in the testing (but not training) phase, have shown successful
classification for fewer emotions (Sinha & Parsons, 1996; Kreibig et al., 2004) or lower
rates of classification (Rainville et al., 2006).

A third contributor to the lack of firm support for specific patterns associated
with discrete emotion states has been the lack of convergence between the results of
studies which take a multivariate or pattern classification approach. Although the
specific physiological variables have differed across studies, most multivariate studies
included cardiorespiratory measures such as heart rate. Multivariate ANOVAs, with
univariate paired comparisons, testing the effect of emotion type on multiple
physiological indices have shown that the effect of emotion on cardiovascular measures
varies across studies. Some studies show multivariate omnibus differences in measures
of heart rate or variation in heart rate for different emotions (Nyclicek, Thayer, &
VanDoornen, 1997; Rainville et al., 2006; Christie & Friedman, 2004), while others do

not show these differences (Sinha & Parsons, 1996; Etzel et al., 2006). Between
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emotion conditions, heart rate has been shown to increase similarly in fear and anger
relative to neutral (Sinha & Parsons, 1996), to accelerate in fear and decelerate in
sadness (Etzel et al., 2006), and to increase in sadness, serenity, and agitation but not in
happiness (Nyclicek, Thayer, & VanDoornen, 1997). Thus far, multivariate studies have
not produced a high degree of overlap in their reports of emotion-specific physiological

patterns.

The objective of the current study was to provide a comprehensive picture of
how bodily feelings contribute to the emotion experience. We elicited the discrete
emotion states of anger, happiness, sadness, fear, and disgust, and we measured
cardiorespiratory variables which can be interpreted as specifically reflecting
sympathetic or parasympathetic contributions to the autonomic emotional response.
This study addresses several remaining questions about the role of autonomic activity in
emotion. We tested the predictions that:

1. Univariate and multivariate analyses of variance will reveal patterns of
cardiorespiratory activity associated with each target emotion state.
a. Similarity in the cardiovascular profiles for each target emotion will be
observed across different contexts of emotion elicitation.
2. Patterns of cardiorespiratory activity that are observed for happiness, sadness,
anger, fear, and disgust will differentiate each target emotion from all others.
We tested these predictions by eliciting anger, happiness, sadness, fear, and disgust

within two experimental contexts. Participants watched short emotional film clips, and
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recalled autobiographical memories of emotional events from the past. No previous
study has succeeded in finding core patterns of autonomic activity that characterize an
emotion across more than one type of emotion induction paradigm; in the study by
Rainville (2006), for example, anger, happiness, sadness, and fear were induced using
only an emotional recall paradigm. The use of only one type of emotional stimulus
severely limits the extent to which conclusions may be drawn about the underlying
emotion structure, because the experimental context and the individual stimuli exert
strong influences over physiological responses (Stemmler, 2004). Reactions to
emotional stimuli have been shown to be modulated by contextual factors such as
orientation of attention in a given task (i.e. Lacey, Bateman & VanlLehn, 1953; Lang,
Bradley, & Cuthbert, 1998). For example, when participants must attend to external
stimuli such as pictures or music, heart rate decreases (even when stimuli are highly
negatively arousing), and when participants must attend to internal stimuli such as
recollection of negative emotional experiences, heart rate tends to increase (Lang,
1994). The current study directly measures stimulus-specific and stimulus-independent
responses by observing within-subjects differences and commonalities in autonomic
responses to two elicitation paradigms—one which demands external attention to
emotional films, and one which demands internal attention to emotional personal
memories. We expected to observe that physiological responses to each target emotion
would differ when the target emotion was elicited in the film context versus the
autobiographical recollection context, but also expected to observe similarities in the

effects of target emotion type on the physiological responses in both contexts. These
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similarities would be interpreted to reflect constancy in some physiological responses
that characterize emotions across many situations.

Because of the lack of overlap in patterns of physiological activity identified as
emotion-specific in previous studies, we did not make specific predictions about the
direction or pattern of physiological differences between emotion conditions. We did
select dependent physiological measures such that the dependent physiological
variables can be interpreted in terms of autonomic activity. We collected
cardiovascular and respiratory measures that would reflect relatively independent
contributions from sympathetic and parasympathetic autonomic systems. The
parasympathetic and sympathetic systems exert influence on heart function via two
different mechanisms which can each be associated with a different temporal profile of
responses in heart rate and heart rate variability. The sympathetic system innervates
the sinoatrial node of the heart, through release of norepinephrine. Sympathetic
innervation is associated with speeding of the rhythm of the sinoatrial node, but
changes in speed of heart rate are slow because norepinephrine reuptake in the
synapse is slow. The sympathetic system can also influence heart rate in an indirect
manner, via release into the circulating bloodstream of adrenaline from the adrenal
medulla; this influence also results in slow changes in heart rate. In contrast, the
parasympathetic system modulates heart rate through release of acetycholine at the
sinoatrial node. Acetycholine is quickly degraded in the synapse, and so
parasympathetic changes in heart rate are quicker than those caused by the

sympathetic system. These changes in the rate and variability of heart beats are not as
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easily interpretable as might seem at first glance, however. Respiration strongly
influences the rate of cardiovascular activity, producing fast increases in heart rate
during the inspiration period that are associated with parasympathetic activity
(Grossman, Van Beek, & Wientjes, 1990). Thus, increases in heart rate, and slow
changes in heart rate variability (across an emotion elicitation event) may be interpreted
as primarily reflecting sympathetic activity. Fast changes in heart rate variability may be
interpreted as reflecting primarily parasympathetic activity. Additionally, fast changes
in heart rate variability within respiratory cycle reflect respiratory-linked
parasympathetic influences on the heart. However, changes in heart rate do not often
reflect pure sympathetic or parasympathetic innervation. Both autonomic systems may
influence the heart simultaneously, or may work in opposition to one another.
Sympathetic influences on the heart have been especially difficult to tease apart from
parasympathetic and non-autonomic influences (Bernton et al., 1997; Task Force, 1996),

so many studies include additional indices of sympathetic activity.

Methods
Participants

20 undergraduate volunteers participated in this study, 13 female and 7 male
20.6 = 2.68 (mean + SD). Of this group, 10 were White/Caucasian, 3 were African-
American, 3 were Asian (nationality unspecified), 1 was Korean, 1 was Hispanic, 1 was
Native-American, and 1 was Indian. Participants received either class credit or $10 per

hour for their time. The Institutional Review Board of Emory University approved the
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procedures for use with human participants. Participants gave informed consent before

taking part in the study.

Stimuli Used for Emotion Induction

Autobiographical Memories

To elicit self-generated emotion states, we asked participants to recall and
mentally re-experience strongly emotional experiences from the past. Each participant
generated one recent and one remote memory for each of the target emotions of
anger, happiness, sadness, fear, and disgust, and for a neutral control condition. Recent
memories were defined as memories for events occurring between the experimental
session and three years before, and Remote memories were defined as memories for
events occurring any time previously to three years before. One memory from each
time window was included to minimize possible confounding effects of event recency on
the quality or strength of emotional responses. We were concerned that participants
might tend to select very recent memories for the neutral condition in order to meet
the vividness criterion, but select older memories for the emotional conditions when
selecting a memory of a particularly emotional instance. We chose a large Recent
window of three years to allow participants some freedom to target those episodes
which they recalled as having been the most emotionally evocative times in their lives.
Previous studies using autobiographical memories to elicit emotional states have not
restricted the time window for memory selection (i.e. Damasio, Grabowski, Bechara,

Damasio, Ponto, et al., 2000; Pelletier et al., 2003; Rainville, Bechara, Naqvi & Damasio,
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2006) in order to allow participants freedom to select very emotional past events.
During the Interview session, the experimenter discussed each memory with the
participant to determine that it met additional inclusion criteria for arousal, discreteness
of emotion, and vividness/detail (‘Session 1, described below in Procedures).
Participants assigned a cue word to each memory which would later be used to prompt
them during the emotion induction task in the second experimental session.
Film Clips

To elicit emotional reactions to external stimuli, we used short film clips
designed to elicit happiness, sadness, anger, fear, disgust, and a neutral state. Clips
were also selected using several additional controls—each clip included human beings
throughout its length, and was edited to a duration of approximately 90 seconds (plus or
minus 20 seconds). Investigators selected film content from popular movies, and from
documentaries, and edited a set of 75 clips to target the length of 90 seconds. A final
set of 36 clips were selected using an adapted version of the methods described by
Gross and Levenson (1995), through behavioral norming. The final set of clips targeted
elicitation of emotions which were discrete (eliciting primarily the target emotion) and
strong (received high arousal ratings). Participants’ mean ratings of arousal, valence,

and typicality can be found in Appendix 1.

Ratings of emotional experience
After every emotion induction event, the participant was prompted by the

computer to rate their subjective emotional experience. Responses were entered on
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the keyboard, along a six-point Likert-type scale (0 = low, 5 = high); rating scales and
anchors were displayed on the screen below each item. The computer waited for the
participants to enter a response before moving on to the next item. The questionnaire
contained three items measuring dimensional aspects of affective experience—arousal,
positive valence, and negative valence. For emotional arousal, participants were
instructed to assess the degree of emotional response evoked during the film clip or
autobiographical recall experience, and to rate the strength of that response (0 = no
response, 5 = very strong response). For positive and negative valence, participants
rated their response in terms of pleasantness/unpleasantness (0 = not at all positive /
negative, 5 = very positive / negative). Participants also compared their experience to a
prototype of each discrete emotion, by making separate ratings of how typical the
experience was of happiness, sadness, anger, disgust, and fear. Participants were
instructed to assess the typicality of their experience in terms of whether it was typical
of how they usually feel when they feel happiness, sadness, anger, disgust, and fear (0 =

not an example, 5 = very typical).

Procedures

During recruitment, participants indicated that they would be able to generate
memories of specific instances during which they experienced strong feelings anger,
fear, sadness, disgust, and happiness (a recent and a remote memory for each emotion
type), and a recent and a remote neutral memory. Participants took home a short

worksheet to note each experience, and brought the sheet with them when attending
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the first experimental session. The worksheet asked the participant to write a sentence
describing a specific event during which he or she strongly felt the target emotion, and
did not feel any other emotions. The participant was also asked to select only memories
which elicited the target emotion at the time of the event, and currently elicit the
emotion when the event is recalled. For both the emotional and neutral memories, the
participant was encouraged to select events which he or she could recall very vividly. A
copy of this worksheet can be found in Appendix 2.

Participants came in to the lab for two separate experimental sessions. During
the first session, the experimenter assessed whether memories generated by each
participant fit experimental criteria for the strength and discreteness of emotion felt
during the recalled event. Upon arrival at the lab, the participant was greeted and given
consent forms to read and sign. After consenting, the participant was asked to recall
and describe in turn each of the 12 memories he or she had selected and noted on the
worksheet. He or she was directed to focus on the emotionally evocative aspects of the
experience, and to formulate narrative descriptions in terms of how he or she felt when
experiencing the event. While the participant described each memory, the
experimenter noted whether the participant was able to provide much detail about the
experience, and whether the participant recalled a specific place and time during which
the event had occurred. If a participant did not provide a detailed account of the event,
or did not include information about place/time, the experimenter prompted him or her
by asking, “Tell me more about that.” If the participant did not then volunteer further

details, or information about place/time, he or she was asked to select a memory which
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could be recalled in detail. The experimenter then asked the participant some follow-up
guestions to verify that the memory fit a set of qualitative criteria for age of memory,
event specificity, emotional discreteness, vividness, and arousal.

Age of memory. The experimenter asked the participant to give the age of the

memory in number of years between the recalled episode, and the experimental
session. If the episode had occurred less than one year previously, the participant gave
the age of the memory in months. Because we wanted one Recent and one Remote
memory for each emotion condition, if the participant failed to describe one memory
from greater than three years ago, and one memory from less than three years ago,
then he or she was asked to generate a replacement memory at the end of the
interview session. The participant described the replacement memory via the same
interview process used for the other memories.

Event specificity. The participant had been asked to generate memories of

specific instances or events. However, participants in pilot sessions often discussed
events which would likely have unfolded over a protracted period of time, such as
parental divorce, a death in the family, or a breakup. In cases during which participants
described a memory that did not appear to be tied to a single place and time (anything
longer than a single day, or taking place in several locations), the experimenter followed
up by asking the participant to focus on a specific moment. For example, the
experimenter might have prompted the participant by saying, “Can you tell me about a
specific moment when you felt especially (angry, sad, etc), during the time

when your parents were getting divorced?”. The experimenter would then refer to this
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more specific event as the emotional memory when proceeding with the other follow-
up questions.

Emotional discreteness. The experimenter asked the participant, “Does this

memory strongly elicit any other emotion, besides (target emotion)?” The
experimenter noted the participant’s response. If the participant did respond with
other emotions elicited by the memory, the experimenter asked whether the target
emotion was the primary emotion felt at the time of the event, and the primary
emotion felt when currently reflecting upon the event. If the participant responded that
the target emotion was not the primary emotion elicited by the memory, then at the
end of the interview session, he or she was asked to select another memory which
elicited only the target emotion. The participant described the replacement memory via
the same interview process used for the other memories.

Vividness. The experimenter then asked the participant to rate the vividness of
their recollection on a scale of zero to five, with zero being “not at all vivid” and five
being “very vivid.”

Arousal. The participant rated the level of emotional arousal he or she felt at the
time of the event. The experimenter defined emotional arousal for the participant by
asking him or her to “rate the strength of [his or her] emotional response.” The
participant made this rating on a scale of zero to five, with zero being “not at all strong”
and five being “very strong.”

The interview session lasted for approximately 45 minutes, and was conducted a

few days before Session 2.
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In the second session, the participant engaged in the emotion induction tasks.
The participant was fitted with the physiological recording devices (ECG and ICG
electrodes, and respiration belt), and then seated 30 cm from an eye-level 10” x 17”
widescreen computer monitor. Psyscope X software (Build XB53, International School
of Advanced Studies- SISSA/ISAS) was used to present the experimental stimuli and the
subjective rating of emotion prompts, and to record participants’ ratings. The
participant wore headphones through which he or she heard beeps that indicated when
to begin and end recollection of autobiographical events, and heard the audio tracks for
each film clip.

The order of emotion induction tasks was counterbalanced—half of the
participants completed the film clip task first, and the other half completed the
autobiographical recall task first. Within each task, the order of events was pseudo-
randomized across participants in order to avoid time-dependent confounds such as
fatigue, and to account for any residual affective states from one event to the next.

At the onset of the autobiographical trials, one of the cue words generated by
the participant in the Interview session was presented for five seconds, followed by a
fixation cross. The cue word and fixation cross were presented in white, 40 point, sans-
serif font on a black background. The participant was instructed to close his or her eyes,
and try to mentally recreate the episode associated with this cue word, focusing on
sensory details with the goal of reliving the event as vividly as possible. The participant

pressed a button when he or she began to feel any emotion in response to the
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recollection; this button press time stamped the physiological recording with an
Emotion Onset event. After pressing the button, the participant continued to focus on
the memory, for a 90-second recall period in total. The participant then heard a beep
over the headphones, at which point he or she was instructed to focus again on the
computer screen, and completed the subjective rating questions. The next trial began
after the participant had completed the last rating, with a minimum interstimulus
interval of 155 seconds. The participant attended to a fixation cross during the interval
between the ratings and the presentation of the cue word for the next trial.

At the onset of the film trials, one of the film clips was presented. The onset and
offset of each clip was timelocked to the physiological recording. The participant was
instructed to attend closely to the clip, and to press a button as soon as he or she felt
any emotional reaction to the clip; this button press marked an Emotion Onset event in
the psychophysiological recording. He or she then completed subjective ratings of
emotional experience. The next trial began after the participant had completed the last
rating, with a minimum interstimulus interval of 155 seconds. During this time the
participant was instructed to relax, clear his or her mind, and look at a fixation cross

until the onset of the next clip.

Physiological Recording
Electrocardiogram (ECG), respiration, and impedance cardiogram (ICG) were
recorded continuously during the emotion induction session, and data was digitally

sampled at 1000Hz using the MP100 system and AcgKnowledge software (Biopac
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Systems Inc., Santa Barbara, CA). ECG was recorded using disposable Ag-AgCl electrodes
in a 3 leads montage (Einthoven lead 2 configuration), with shielded electrode leads.
Respiration was indexed as abdominal expansion and contraction measured through a
tension transducer belt tightened around the lower ribcage. Hardware filters on the
respiration amplifier band-passed the data at 0.05 - 1Hz. ICG was collected using
disposable Ag-AgCl strip electrodes—two voltage electrodes located at the base of the
neck and just below the sternum, and two current electrodes placed three cm distal to

each voltage electrode. Hardware filters on the ICG amplifier low-pass the data at 10Hz.

Behavioral Data Analysis

Descriptive statistics for the subjective ratings of emotion experience were
calculated for each item, across participants. Each item received a target emotion
designation, defined as the discrete emotion having received the highest mean typicality
rating. A dependent-samples t statistic was used to test differences in typicality,
valence, and arousal ratings between each emotion condition, and the neutral

condition.

Psychophysiological Data Analysis

Trials for analysis began at the point of Emotion Onset (when the participant
pressed the button to indicate a perceived emotional response; for instances in which
the participant did not make a button-press to a particular stimulus, Emotion Onset was

marked at that participant’s average latency between stimulus onset and button-press),
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and lasted for 90 seconds. For any individual trial in which the 90-second period
following the button press overlapped the beginning of the next film clip or
autobiographical recall event, or for trials in which the participant made no button
press, the Emotion Onset was set to the average across subjects for the button press
latency.

Heart rate variability (HRV).

Using the procedures outlined by the Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electrophysiology
(TESCNASPE; 1996) and recommendations from Berntson et al. (1997), we calculated
time-domain and frequency-domain indices of cardiorespiratory activity.

Post-acquisition, R-R intervals were extracted from the filtered ECG data using a
modified Pan-Tompkins QRS detector (Pan & Tompkins; 1985). Respiration data was
downsampled to 62.5Hz, and the data was band-passed at 0.05 — 1 Hz using a digital
finite impulse response filter with Bartlett windowing.

For each 90 second trial, we extracted time domain measures of cardiovascular
and respiratory activity. The mean, median, and standard deviation across the trial
were calculated for respiration cycle period, respiration amplitude, R-R interval. We
also extracted time-domain measures of respiration-linked changes in cardiovascular
activity, calculating the mean and standard deviation across each trial for respiratory
sinus arrhythmia (RSA; calculated using the peak-to-valley method of Grossman, Van
Beek, & Wientjes, 1990), mean R-R per respiratory cycle, and standard deviation in R-R

per respiratory cycle. Finally, spectral measures were extracted from the ECG and



Cardiorespiratory Patterns 23

respiration data, within each trial. A Welsch periodogram was implemented to
calculatethe power spectral density (PSD) of the R-R tachogram and continuous
respiration signal within high (0.15 — 0.4Hz) and low (0.04 — 0.15Hz) frequency bands
(ranges of each recommended by TESCNASPE; 1996).

Pre-ejection period (PEP).

PEP is a measure of myocardial contractility and is measured as the distance
between the g-point in the electrocardiogram waveform, and the in b-point in the
waveform of the impedance cardiogram (Sherwood et al., 1990). During online
recording, the acquisition software automatically calculated the first derivative of the
change in thoracic impedance. The resulting dZ/dt signal was filtered using a scaled
Fourier linear combiner (SFLC) with a step size of 0.001, to correct for motion artifact
(Barros, Yoshizawa, & Yasuda, 1995). This filter uses the location of the R-wave in the
ECG signal to construct a sinusoidal model of dZ/dt containing only components that are
correlated to the heart rate. The results of this filtering were visually examined to
determine that inflection points of the waveform had not shifted in time, and an
automated classifier was then used to mark inflection points in each cycle. B-points
were classified following the recommendations of Sherwood and colleagues (1990). The
b-point was first classified as the maximum third derivative of impedance within 300ms
before the C-point. This classification was then subjected to a visual inspection in which
we compared the b-point classification to a visually identified inflection point in both
the filtered and unfiltered dZ/dt signal. Bad classifications of the b-point were manually

corrected during this inspection.
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PEP was defined as the interval between the Q-wave on the ECG waveform, and
the b-point on the dZ/dt waveform. PEP was extracted for each dZ/dt cycle, and mean,

median, and standard deviation was calculated per trial epoch.

Statistical analyses were performed using the Statistical Package for the Social
Sciences (SPSS 13.5, Chicago, IL). A within-subjects univariate analysis of variance
(uniANOVA) was performed for each the film task and the autobiographical recall task to
examine the main effect of emotion on each of the cardiovascular and respiratory
variables. For each dependent measure, t-tests compared the emotion conditions to
the neutral condition. In order to control for individual differences using responses to
neutral items as a baseline, dependent cardiovascular and respiratory measures were
then transformed to reflect the ratio of the emotion condition over the neutral
condition -- [[Emotion — Neutral) / Neutral]. The resulting ratios across all
cardiorespiratory measures were then transformed uniformly using a logig
transformation which reduced skew in the distributions. Outliers among the dependent
measures (greater than 3 SD beyond the mean) were discarded; 1.13% of all
observations were discarded—1.11% of observations from the Autobiographical session,
and 1.15% of observations from the Film session. Post-hoc pairwise comparisons tested
for differences between the emotion conditions on each dependent variable.

Because of the large number of dependent measures, and to account for the
underlying structure of autonomic contributions to cardiorespiratory activity measured

by our variables, we performed a principal components (PCA) data reduction. First, the
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correlation matrix among all dependent measures was examined to search for
redundancies among them, and measures were excluded whose variance overlapped
another measure by more than 90%. Measures upon which there was no significant
effect of emotion in the paired comparisons between the emotional and neutral
conditions were also excluded (list or summarize). The included dependent measures
were entered into the PCA. Minimum eigenvalue was set to 1. The resulting component
loadings were rotated using Varimax rotation with Kaiser normalization. The effect of
emotion on the components extracted from the PCA was then tested using a repeated-
measures multivariate analysis of variance (MANOVA), and post-hoc contrasts testing
for differences between pairs of emotions.

Lastly, stepwise discriminant analyses tested the possibility of categorizing
emotions based on the factors extracted from the PCA. The discriminant analysis was

cross-validated using the leave-one-out method.

Results
Subjective ratings of emotion experience

Participants’ likert-scale ratings (0 — 5) of the typicality of their emotional
experience indicated that the target emotion was elicited more strongly than any other
emotion. The mean typicality rating for the target emotion was at least 2 points higher
than for any other emotion in both the Autobiographical and Film elicitation conditions,
with the exception of films targeting Anger and films targeting Fear. Anger films elicited

some disgust and sadness [typicality ratings of 2.38(1.67) for anger, versus 1.85(1.47) for
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disgust and 1.2(1.35) for sadness; M(SD)]. Fear films elicited some disgust [typicality
ratings of 3.62(1.53) for fear, versus 1.95(1.77) for disgust]. Mean ratings of Neutral
target stimuli were less than 1 in both the Autobiographical and Film elicitation
conditions. See Table 1 for an extended summary of ratings.

Paired t-tests were conducted to compare arousal ratings for events in each of
the Emotion conditions versus events in the Neutral condition. Ratings of arousal were
significantly higher for emotional target events than for Neutral target events (see Table

2).

Physiological responses: Univariate tests of Emotion effects

Before data was transformed to account for the Neutral baseline, within-subjects
contrasts (paired t-tests) on each dependent physiological measure assessed differences
between each Emotion and Neutral. The results of these tests are listed in Table 3.
Decreases in the respiratory cycle period (Resp Period Mean and Resp Period Median)
differentiated Anger, Disgust, and Fear in both the Autobiographical and Film sessions.
These decreases in respiratory period were accompanied by decreases in high-
frequency PSD in the respiratory signal in Anger, Disgust and Fear (this difference was
not significant for Disgust in the Film session). Decreases in variability of the respiratory
cycle period (Resp Period SD) differentiated Anger in both sessions. In the Film session,
respiratory cycle period also decreased in Happiness relative to Neutral.

Decreases in linear measures of R-R interval [increases in heart rate, as indexed

by (Mean R-R / Resp Cycle) — Mean] were observed in the Autobiographical session only
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for the Anger condition. In the Film session, increases in R-R interval [decreases in heart
rate, as indexed by R-R Mean, R-R Median, and (Mean R-R / Resp Cycle) —-Mean] were
observed for Anger and Happiness, and to a lesser extent for Disgust.

Significant effects of emotion on HRV were apparent only in the
Autobiographical task. Decreases in R-R SD were observed in Anger, Disgust, and
Sadness. In Sadness, this effect was accompanied by decreases in variability across the
epoch in R-R interval within each respiratory cycle [(Mean R-R / Resp Cycle) —SD].

Significant effects of emotion were not observable on measures of fast variability
in R-R interval [(SD R-R / Resp Cycle) -Mean, and (SDRR/RespCycle) -SD], or on high
frequency PSD in the R-R signal.

After the psychophysiological dependent variables were transformed to the log
of the ratio of the Emotion condition relative to the Neutral baseline, differences
between the emotions were examined using univariate ANOVA followed by paired
comparisons between each emotion and each other emotion. Results are summarized
in Table 4. Paralleling the results found in first analysis of each Emotion vs Neutral,
measures of respiratory period and variability demonstrated significant omnibus effects
of emotion in both the Autobiographical and Film sessions. Respiratory amplitude also
demonstrated a significant effect of emotion in the Film session. Paired comparisons
between Emotion conditions showed significant differences on several dependent
variables, which provide preliminary indications of patterns of cardiorespiratory
function for some emotions. Anger, Fear, and Disgust were not significantly

differentiated on any dependent measure in the Film session. Anger and Disgust were
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not differentiated on any dependent measure in the Autobiographical session, nor were
Disgust and Sadness.
Physiological Responses: Principal Components and multivariate tests of Emotion effects
For Autobiographical dependent measures, PCA converged after 5 iterations
onto a 4-factor structure that accounted for 78.34% of the variance in the dependent
measures. The rotated component matrix is displayed in Table 5, part 1. Component 1
accounted for almost all of the variance in respiratory frequency—high frequency PSD,
low frequency PSD, and mean respiratory period—as well as respiratory variability—SD
of the respiratory period. Component 2 accounted for the variance in linear measures
of R-R interval — (Mean R-R / Resp Cycle) -Mean, and median R-R. It also captured a
portion of the variance in mean RSA. Component 3 accounted for the variance in mean
and SD for respiratory amplitude. And Component 4 accounted for the variance in
measures of HRV— SD in R-R interval, (Mean R-R / Resp Cycle) =SD, and mean RSA.
Reducing the physiological dependent measures from the Film session, PCA
converged after 4 iterations onto a 3-factor structure that accounted for 78.14% of the
variance. The rotated component matrix is displayed in Table 5, part 2. The rotation
converged on a solution very similar to the one observed for the Autobiographical task.
Component 1 is comparable to a collapsed version of Components 1 and 3 from the
Autobiographical PCA, capturing the variance of all of the respiratory measures.
Component 2 is analogous to Component 4 from the Autobiographical PCA, accounting
for the variance from the three measures of HRV. Component 3 appears similar to

component 2 from the Autobiographical PCA, capturing variance in the measures of
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linear R-R interval. In general, the physiological variability space appears to be very
similar for both emotion elicitation sessions.

We predicted that there would be a significant effect of emotion on these
principal components. MANOVA (Pillai’s trace) indicated a trend in this direction (F(16,
380) = 1.17, p = 0.29) for the Autobiographical session. No effect was observed for the
Film session. Subsequent univariate tests of the Autobiographical condition indicated a
significant effect of emotion on Component 1 (F(4, 95) = 2.53, p = 0.045), but no effects
on Components 2 -4. Post-hoc comparisons (Tukey’s LSD) demonstrated that
Component 1 differentiated Disgust and Fear, and Happiness and Fear (see Table 6.).
Both Disgust and Happiness exhibited significantly higher Component 1 values than
Fear; we can infer from the loadings on Component 1 that this difference results from
longer respiratory periods and more variability in the length of the respiratory cycle in
Happiness and Disgust than in Fear.

Physiological Responses: Pattern Classification

Discriminant analyses of the PCA components summarizing cardiorespiratory
activity during the Autobiographical session tested the possibility that emotions can be
classified based on physiological patterns. The stepwise entry of components into the
discriminant analysis at an entry criterion of p < 0.05 for Pillai’s Trace allowed only
Component 1—the respiratory component--to enter the discriminant solution.
Component 1 differentiated emotions at an overall rate of 28%, for both the original

and cross-validated (leave-one-out) classifications. This overall rate was marginally
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higher than the chance rate of classification at 20% among the five emotion categories.

Classification rates for individual emotions are displayed in Table 7.

Discussion
Interpretation of findings

The results of this study only partially supported the hypothesis that patterns of
cardiorespiratory activity characterize each discrete emotion state. Univariate
comparisons of each emotion with the neutral baseline revealed that emotional stimuli
elicited shorter respiratory cycles across all emotions, and smaller deviations in
respiratory period. Decreases in heart rate variability, both within respiratory cycles and
over the length of the trial, were also observed across all emotion conditions relative to
neutral. These results differed from results of Rainville and colleagues (2006) in which
these effects were secondary to a robust increase in heart rate for emotional relative to
neutral responses, indexed by decreases in R-R interval. Emotional differences in heart
rate have also been noted as an effect which is consistently observed in affective
psychophysiological research (Cacioppo, Berntson, Larsen, Poehlmann & Ito, 2000). In
conflict with results observed by Rainville and colleagues (2006), we did not observe
increases in heart rate and, conversely, found small decreases in heart rate (increases in
R-R interval) for Anger, Disgust, and Happiness in the Film condition. Our observation of
small effects of emotion on heart rate may be consistent with more complex models of
emotional responding. For example, the defense cascade model proposes that heart

rate decelerates in response to slightly- to moderately-arousing events, and then only
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accelerates in response to highly arousing events which might necessitate the
mobilization of resources for fight-or-flight behavior (Lang, Bradley, & Cuthbert, 1997).
Deceleration in heart rate has been associated with increased attentional responses to
externally-presented emotional stimuli, such as emotionally arousing pictures (Bradley,
Codispoti, Cuthbert, & Lang, 2001), and has been interpreted as a defensive resource-
conservation response. Our results were consistent with such findings, as heart rate
deceleration relative to the Neutral baseline was observed only in the Film condition,
when attention is directed toward external stimuli. The small size of this effect and
effects in the Autobiographical condition may be explained by a wash-out due to the
large number of elicitation events experienced by our participants. Each participant
completed many more trials in each the Autobiographical and Film sessions than
participants in most previous studies eliciting emotions using emotional recollection or
film clips (our study = 12 and 18 trials, respectively; other studies = 2-3 trials with only
one elicitation condition). Several other studies using pattern classification of ANS
responses to emotional film clips failed to observe significant univariate differences in
heart rate (Christie & Friedman, 2000; Etzel et al., 2006).

The fact that we did not find robust effects of emotion on heart rate in the
univariate analysis provided a preview for the small omnibus effects of emotion that we
later observed in the MANOVA testing emotion effects on the components extracted
from PCA. Several previous multivariate studies of emotion-specific physiological
responses reported significant differences between emotion types when conducting

multivariate tests on patterns of dependent physiological variables (Nyclicek, Thayer, &
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VanDoornen, 1997; Rainville, Bechara, Naqvi, & Damasio, 2006). In the results of
Rainville and colleagues (2006), R-R mean demonstrated strong sensitivity to emotion in
the univariate tests , and was moderated by emotion type in a MANOVA test of the
effect of emotion on patterns of physiological activity—mean R-R interval was shorter in
Fear than in Happiness or Sadness. The authors interpreted R-R interval as contributing
the main index of sympathetic activity within their study. Similarly, in the results of
Nyclicek and colleagues (2000), a significant effect of emotion on the interval between
heart beats was observed in univariate and multivariate ANOVAs, and this was a
measure that the investigators had selected to reflect sympathetic activity. Our failure
to observe significant differences between emotion conditions comparable to those
observed in previous studies may have occurred because we did not have an emotion-
sensitive measure of sympathetic responses. None of our measures related to
sympathetic responding, such as R-R interval or PEP, were more than slightly sensitive to
emotion in univariate tests of the emotions versus the neutral condition, nor in the
univariate ANOVA tests contrasting each emotion condition against the others.

Our results did not provide complete support for the hypothesis that these
patterns are sufficiently unique to differentiate each target emotion from all others.
This hypothesis was tested directly in the discriminant analysis. In the Film condition, no
discriminant functions were created because the PCA components were not sensitive to
Emotion. In the Autobiographical condition, the discriminant functions based on the
PCA component reflecting respiratory frequency could only be used to correctly classify

emotions at a rate of 28%. This component differentiated Fear from Happiness and
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Disgust. The result that a respiration component accounted for much of the variance in
dependent measures in the PCA, and that the respiration component differentiated
target emotions in the discriminant analysis, are markedly consistent with results of
other studies which incorporated respiration in multivariate pattern classification
analysis. Components reflecting respiratory frequency were observed by Nyclicek and
colleagues (1997) as well as by Rainville and colleagues (2006) as first principal
component in PCA analyses. Moreover, the largest omnibus emotion effects were
observed in MANOVAs of the components in both studies, and in other studies
(Nyclicek, Thayer, & VanDoornen, 1997; Rainville et al., 2006; Etzel et al., 2006).
Limitations

The small sample size and narrow distribution of ages among participants limit
the generalizability of our results. Also, the use of averages across a 90 second period of
responding to the emotional stimuli restricted the power of our study to detect changes
in emotional responding that vary temporally. One way to address this in future studies
might be to collect continuous subjective ratings from participants throughout each
elicitation event, and to use the continuous ratings as regressors in a general linear
model predicting emotion effects on a more continuous record of dependent
physiological measures during the elicitation event.

We also found, based on participants’ subjective ratings, that although most of
the target emotions were elicited discretely (i.e. the participants’ subjective ratings
indicated responses more typical of the target emotion than any other emotion), the

negative emotions were particularly difficult to tease apart. In the Film condition,
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notably, participants’ reactions were mixed. Participants ratings of film clips targeting
Disgust, Fear, Anger, and Sadness indicated that, on average, the clips elicited the target
emotion to a high degree, but also elicited low to moderate amounts of the other
negative emotions. This may explain, in some part, the smaller cardiovascular
differences between emotion types observed in the Film condition relative to the
Autobiographical condition. Mixed reactions are difficult to avoid in any
implementation of non-personalized stimuli such as film clips, because individual
responses to such stimuli vary between participants. One way to account for this type
of individual variability in future studies might be to include an index of discreteness of
participants’ ratings, to use as a covariate in ANOVA analyses, or as an additional
regressor in regression analyses.

The current study was also somewhat limited in terms of construct validity. The
results provide only indirect evidence that these discrete patterns are perceived and
integrated into the on-line recognition and categorization of emotion. Questions that
more specifically address the link between emotion production and emotion perception
can be asked about the role of interoception—the ability to perceive visceral
responses—in the process of categorizing emotions. Results with more direct bearing
on this issue are beginning to emerge from studies of both visceral contributions to
experience (Wiens, Mezzacappa, & Katkin, 2000; Vianna, Weinstock, Elliott, Summers, &
Tranel, 2006), as well as neural responses to visceral signals (Critchley et al., 2004).
Generally, these studies provide converging evidence that with increasing perceptual

sensitivity to visceral signals, participants report greater feelings of emotional intensity
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or arousal and exhibit greater activity in certain brain areas such as the anterior
cingulate cortex. To more directly address the processes involved in emotion
categorization, future studies might investigate whether interoceptive sensitivity
influences participants’ ability to classify emotional experiences into discrete categories,
and which brain regions or networks contribute to the categorization process.
Contributions and future directions

The results of this study also help to resolve outstanding questions about the
role of autonomic activity in discrete emotions theory. We identified characteristic
patterns of autonomic nervous system activity which, in our study, accompanied each
target emotion state. The nature of these patterns can inform scientific perspectives on
first-person, qualitative aspects of emotion experience. Because basic emotion theories
propose that visceral afferent signals form the bases for the feelings that accompany
emotion, the patterns of physiological activity identified here may provide objective
information about the experiential component of emotions. Interestingly, we observed
constancy in participants’ profiles of physiological responses across the two elicitation
conditions—in both the Film and Autobiographical conditions, principal components
analysis reduced the data to very similar component structures, reflecting dimensions of
respiratory frequency, heart rate frequency, and heart rate variability. The variables
loading strongly onto each dimension also differentiated emotion conditions in both
Film and Autobiographical conditions in the univariate analyses. Such similarities

indicate similar underlying profiles of variance between conditions in both elicitation



Cardiorespiratory Patterns 36

conditions, indicating responses which may characterize the constant aspects of feeling
which accompany an emotion elicited in a variety of contexts.

Further replication of such findings may also allow us to identify physiological
measures to serve as non-verbal indicators of various emotions. Cardiovascular
measures are inexpensive and non-invasive, so these patterns of autonomic activity may
be optimal for use in developmental studies to examine emotional functioning in
preverbal children. Studies of emotionality in n on-human primates would also shed
light on the idea of discrete emotions as “basic” states that have evolved over time to
allow us to adaptively react in situations fundamental to promoting life—our closest
genetic relatives might reasonably be expected to have evolved similar emotional
needs.

Our results may have interesting implications not only for affective, but also
cognitive scientific endeavors. Research on the interaction of emotion and cognition
focuses primarily on the effects of emotional intensity on cognitive performance.
Models which heavily emphasize the dimension of intensity, however, are not sensitive
to the qualitative differences in emotion states that we can observe in the subjective
experience of emotion, and in cross-cultural expression of emotion. Because efferent
and afferent pathways between the autonomic and central nervous system are
relatively well-mapped (Berntson et al., 1997), autonomic information can allow us to
make predictions about related activity in the central nervous system. The results of this

study will begin to build a foundation upon which we may base hypotheses that address
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gualitative differences between emotions, allowing new predictions about emotion’s
influence on cognition in the brain.
Conclusion

Although we did not find complete support for the hypothesis that patterns of
physiological activity would differentiate the target emotions, we did find evidence that
changes in respiration frequency and heart rate variability differentiate emotional from
neutral states, and target emotions from other emotion states. These findings allow us
to reject the null hypothesis of non-specificity in emotional autonomically-controlled

bodily activity.
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Appendix 2. Autobiographical Form

Please fill out each box below with two emotional memories of your past. For each memory,
include a sentence or two describing each event/occurrence during which you STRONGLY felt
the listed emotion. An example of this might be, “The time that | can remember feeling the
saddest was when my dog Sallie passed away...” These descriptions will aid you when you have
to provide more in-depth information about each memory during the first experimental session.
Keep in mind that you want to select memories that still evoke a strong emotional reaction that is
specific to the emotion listed at the top of the box. For example, if you were afraid and disgusted
when you had to get stitches in your arm, then you would not want to select that event for this
experiment. Similarly, if you were angry that your brother ate all of your halloween candy in 4"
grade, but you currently do not feel angry when you think about the event, then you would want
to select a memory that is more emotionally evocative.

For the last box (‘Neutral’), please list two memories which describe specific times in which you
were engaged in a non-emotional activity, such as a time that you cooked dinner recently, or went
for a walk, or a specific morning when you were preparing to leave the house and get to
work/school. Please choose neutral and emotional events that you remember very vividly.

You should choose emotional and neutral memories from specific time periods. In each box, list
one memory from the recent past and one memory from the far past. The memory from the
recent past should be an event that occurred in the most recent 3 years of your life. The memory
from the far past should be an event that occurred earlier than 3 years ago. It may help you to
think of this in terms of what year you were in school 3 years ago, and use that as your cut-off
point.

Anger:

Disgust:




Fear:

Happiness:
n

Sadness:

Neutral:
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