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Chad Louis Stephens 
 

ABSTRACT 
 
The autonomic specificity of emotion is intrinsic for many major theories of emotion. 

One of the goals of this study was to validate a standardized set of music clips to be used 

in studies of emotion and affect. This was accomplished using self-reported affective 

responses to 40 music pieces, noise, and silence clips in a sample of 71 college-aged 

individuals. Following the music selection phase of the study; the validated music clips as 

well as film clips previously shown to induce a wide array of emotional responses were 

presented to 50 college-aged subjects while a montage of autonomic variables were 

measured. Evidence for autonomic discrimination of emotion was found via pattern 

classification analysis replicating findings from previous research. It was theorized that 

groups of individuals could be identified based upon individual response specificity using 

cluster analytic techniques. Single cluster solutions for all emotion conditions indicated 

that stimulus response stereotypy of emotions was more powerful than individual 

patterns. Results from pattern classification analysis and cluster analysis support the 

concept of autonomic specificity of emotion. 
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INTRODUCTION 

 What is an emotion? This was the question posed by the renowned American 

psychologist William James (1884) more than a century ago and it puzzles emotion 

researchers to this day.  The answer, which James proposed, includes a unique temporal 

sequence of events that implies specific somatovisceral patterns associated with 

‘standard’ emotions.  Recent research reported differentiation of emotion based on 

cardiorespiratory and skin conductance measures (Christie & Friedman, 2004; Nyklicek 

et al. 1997).  The purpose of this study is to further explore autonomic specificity of 

emotion via psychophysiological measures analyzed via multivariate statistics to 

elucidate the debated which continues in contemporary psychology.   

 To begin, a conceptual and historical overview of the issue of autonomic 

specificity of emotion is presented, including a discussion of the challenges to James’ 

theory.  Following, is a description of the genesis and continuation of empirical testing of 

the topic and a review the recent studies which have employed multivariate approaches.  

Finally, replication of the contemporary studies of autonomic differentiation of emotion 

is possible via similar multivariate analysis of a montage of cardiovascular variables 

reflecting varied autonomic nervous system (ANS) inputs.  Furthermore, this 

investigation proposes to extend the current knowledge via a perspective considering 

individual response stereotypy in conjunction with cluster analysis of this array of ANS 

variables during both music and film emotion induction conditions.  Both this perspective 

and the simultaneous use of music and film are novel approaches in research focused on 

the autonomic specificity of emotion. 
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The James-Lange Theory of Emotion 

 The publication of Charles Darwin’s The Expression of the Emotions in Man and 

Animals (1873), in which he argued for the universality of emotional expression among 

the races of humanity, was the impetus for two independently proposed theories which 

described the relationship between physiology and emotions.  These two theories, by 

William James (1884, 1890, 1894) and Danish physiologist Carl Lange (1885), make 

similar though not identical claims. The James model was explicit regarding the visceral 

and somatic activity relationship to emotion whereas Lange purported a more 

reductionistic model focusing on emotion and vasomotor activity.  James included the 

ideas of Lange in his Principles of Psychology (1890) which established the first 

comprehensive theory of emotion that became known as the James-Lange (J-L) Theory 

of Emotion. 

 The temporal sequence of events in the subjective experience of emotion was 

described by James as “the bodily changes follow directly the PERCEPTION of the 

exciting fact, and that our feeling of the same changes as they occur IS the emotion” 

(1884, p. 189-190).  This evocative progression is counterintuitive and so James gave 

three examples of emotional events, the most infamous of which is encountering a bear in 

a forest, to illustrate the order in which he proposed an emotional experience unfolds.  

This example will be used throughout to contrast this theory and subsequent opposing 

theories of emotion.  Common sense would indicate the following sequence of 

independent events:  an individual sees a bear (stimulus), is frightened (cognition), and 

runs away (physiology).  The James-Lange Theory is paradoxical in that it states the 

sequence is as follows:  an individual sees a bear (stimulus), runs away (physiology), and 
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is therefore frightened (cognition).  This small change in the order of events has drastic 

implications with regard to the study and theory of emotion.   

 Initially, James explicitly stated this temporal sequence (1884) with little 

elaboration on it specifics.  Challenges to his proposed sequence of events took note of 

the inherent meaning and called for more explicit descriptions (James, 1894).  Bear in 

mind, James later clarified his example further, “… let the word ‘run’ but stand for what 

it was meant to stand for, namely, for many other movements in us, of which invisible 

visceral ones seem by far most essential…” (1894, p. 519) reiterating his idea of the body 

as a “sounding-board” (1884, 1890).  This idea of the racing heart triggering emotion is a 

necessary but insufficient corollary of the central tenet (the temporal sequence) of the 

theory.  The racing heart resulting in the emotional experience, according to James’ 

sequence, was a revolutionary view of emotion.  Thus, it could be inferred that distinct 

physiological patterns for James’ “standard emotions” – grief, fear, rage, etc (1884/1890) 

do exist.  

 James’ writings make use of strictly anecdotal evidence to build support for his 

theory.  In fact, he clearly states that he is not sure how these ideas might be tested 

empirically.  The clearest direction he provides is in these distinct physiological patterns 

which are described as visceral or among the internal organs (i.e. heart, lungs, stomach, 

etc.) of the body.  This system would have been referred to as the involuntary nervous 

system in James’ time but was designated as the ANS by Langley (1921).  All the 

inferences James made were based on anecdotal evidence and it was the future 

generations of psychologists who focused on the ‘viscera’ to develop the autonomic 

specificity assumption pursued via empirical research. 
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Empirical Testing and Alternative Models 

 The James-Lange Theory of emotion was met with much skepticism initially 

because there were no means by which to reliably measure physiological responses 

(Watson & Morgan, 1917).  A major critic of this theory was physiologist Walter Cannon 

(1927, 1931), who answered James’ call for empirical investigation of emotion via 

animal models to specify flaws in the peripheralist model.  Cannon argued the following 

points: 1) that physiological responses were undifferentiated 2) severing afferents from 

viscera did not eliminate emotional behavior 3) visceral organs respond too slowly to 

induce emotion, and 4) epinephrine injections affected dissimilar emotions (1927).   In 

addition to this criticism, Canon also proposed an alternative centralist model (1931) 

which stated that seeing the bear (stimulus) activated the thalamus which simultaneously 

relayed information to the cerebral cortex (cognition) and the hypothalamus/autonomic 

nervous system (physiology).   

 Canon popularized the idea of diffuse sympathetic arousal, employing the phrase 

“fight-or-flight” to describe ANS patterns in response to threat.  An interesting historical 

note is that James (1894) actually coined this cliché phrase in response to criticism of his 

1884 and 1890 publications (Ellsworth, 1994).  This model was further elaborated and 

supported by the work of Philip Bard (1934), and came to be known as the Cannon-Bard 

(C-B) Theory of Emotion.  Although this theory would not be challenged until studies 

with human subjects were conducted and the field of psychophysiology was established, 

Cannon’s criticisms inculcated a more complete understanding of the connection between 

emotion and visceral responses.  During the 1920’s and 30’s, the field of psychology had 
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a predominately behavioristic perspective. Combined with the work of Canon, this 

emphasis caused the J-L Theory to fall out of favor.   

 Another theory of emotion which focused on the role of cognitive factors in 

determining how diffuse physiological arousal was interpreted and subsequently 

experienced emotionally was proposed by Schachter and Singer (1962; Schachter, 1964).  

In this study, the subjects were randomly assigned to receive an injection of either 

epinephrine or placebo.  Next the subjects were randomly assigned to one of three groups 

each of which were informed of accurate-/inaccurate-/no- side effects from the injection 

thus allowing the subject to have an appropriate explanation of their bodily state.  Finally, 

each subject was paired with a confederate who portrayed either a euphoric or angry 

emotional state which created a situation from which explanatory cognitions could be 

derived. 

   Interestingly, the subjects who were informed of inaccurate side effects labeled 

their emotional state similar to that of the confederate with whom they were paired.  

Thus, the subject observed their environment in order to determine their emotional state. 

The results of this study supported the proposition that individuals will label 

physiological arousal with regard to the cognitive circumstances. Accordingly, the 

Schachter-Singer (S-S) Theory of Emotion suggests the sequence of events, employing 

the previous illustrative example, is as follows:  an individual sees a bear (stimulus), 

simultaneously runs away (physiology) and appraises the situation, labeling arousal as 

fear (cognition). 

 This cognitive-arousal model of emotion was well accepted during the cognitive 

zeitgeist of the 1960’s and 70’s (Mandler, 1975) in spite of strong criticism of Schachter 
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and Singer’s findings.  The major criticisms of this study have been systematically 

articulated (Plutchik & Ax, 1967) and it has come to be referred to as exquisitely bad 

methodology (Levenson, 1986).  The methodological and theoretical flaws described by 

Plutchik & Ax (1967) include: 

 1. failure to use a double-blind procedure in any phase of the research 

 2. presuming undifferentiated somatovisceral patterns of emotion in using 

 injections of epinephrine to produce a common state of “arousal” across subjects 

 3. inability to attribute differences in reported emotional states between groups to 
 type of situation independent of level of arousal 
 
 4. naïve use of verbal self-reports which provided inadequate measurements of 
 emotion 
 
 5. both the verbal self-report and the Orne (1962) technique used indicated a lack 
 of distinction between groups due to mixed emotional states 
 
 6. comparisons of placebo groups and control groups manifested non-significantly 
 different emotional states which detracted from major proposition 
 
 7. overall study was weakened by excessive overgeneralization based on limited 
 samplings (i.e. conditions, emotions, arousal state, and types of subjects) 
 
 These flaws led to the conclusion that emotional states are not physiologically 

identical nor are they differentiated only by cognitive factors (Plutchik & Ax, 1967).  

Furthermore, there were several conspicuous failures to replicate the findings of this 

study (Maslach, 1979; Marshall and Zimbardo, 1979; see Reisenzein, 1983, for a 

discussion of this issue). The substantial criticisms of Schachter and Singer (1964) and 

the lack of replication of its findings have generated modifications of a “pure” cognitive 

model of emotion. These modifications have incorporated the J-LTheory of Emotion in 

the burgeoning field of psychophysiology. 
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Psychophysiological Testing of the Autonomic Specificity Assumption  

  Univariate studies 

 The ability to test human subjects in the laboratory using emergent 

psychophysiological techniques and methodologies began in the 1940’s and 50’s 

allowing for empirical testing of the James-Lange Theory.  Somatovisceral activity 

specifying emotion was described anecdotally by James (1884, 1890) but this only 

provided a limited direction for future researchers.  Early studies supporting this thesis, 

demonstrated differentiation of emotion using skin temperature (Mittelmann & Wolff, 

1943) and differentiation of emotion based on the patterning of blood pressure and 

electrodermal activity (EDA) (Lacey, 1950).  Although these examples were case studies, 

they foreshadow the experimental research that would soon follow. 

 The landmark study by Ax (1953), differentiated anger and fear via diastolic 

blood pressure (DBP), heart rate (HR), skin conductance (SC), muscle potential, and 

respiration rate (RR); thus it established a psychophysiological foothold for emotion 

research.  Research using techniques similar to Ax in the same laboratory as Ax found a 

pattern of decreased HR in anger compared to fear (Schachter, 1957).  Physiological 

specificity of the emotions of anger and anxiety via systolic blood pressure (SBP) and HR 

was also demonstrated during this time by a separate research group (Funkenstein, King, 

& Drolette, 1954, 1957).  Pattern specificity of emotion was demonstrated with EDA and 

cardiovascular functions (Lacey, Kagan, Lacey, & Moss, 1963).  Another research group 

found physiological patterning with regard to emotion in their studies of chronic 

schizophrenics (Ax, Bamford, Beckett, Domino, & Gottlieb, 1969).  These studies 

strengthened the idea of specific somatic response patterns to emotion-inducing stimuli. 



 8

 The importance of bodily sensations with relation to emotion was not lost during 

a time when psychology as a field was cognitively focused (Bull, 1951; Gellhorn, 1964; 

Tomkins, 1962; Tomkins & McCarter, 1964).  Several neo-Jamesian peripheralist models 

by individuals such as Izard (1977) and Ekman (1984) carried on this view.  These 

theories offered concepts which overlapped in their consideration of somatic muscle 

patterning (as first noted by James, 1890) to account for the physiological component.  

The seminal work reporting ANS specificity of emotion during a directed facial action 

task (Ekman, Levenson & Friesen; 1983) brought facial expression to center stage as the 

primary source of patterning emotion (Ellsworth, 1994). This study paved the way for 

further study of ANS patterning emotion which had been all but abandoned during the 

cognitive zeitgeist of the 1960s and 1970s. During the late 1980’s and 90’s as evidenced 

by the significant body of research (e.g. Levenson, Ekman, & Friesen, 1990; Sinha, 

Lovallo, & Parsons, 1992; Witvliet & Vrana, 1995; see Cacioppo, Berntson, Larsen, 

Poehlmann, & Ito 2000 for review) substantial support for specific ANS patterns for 

some, though not all, of the courser emotions has been accrued. 

 Despite the evidence for autonomic patterning of emotions (Christie & Friedman, 

2004; Levenson, Ekman & Friesen, 1990; Nyklicek et al., 1997) controversy remains due 

to lack of support from meta-analytic summaries (Cacioppo, et al 2000).  Considering the 

current state of theories of emotion a distinct continuum emerges upon which theories 

can be viewed.  This continuum is a function of the underlying conception of the 

structure of affective space to which the researchers subscribe and the variation in 

theories of emotion.  Traditionally, affect models could be assigned to one of two broadly 

defined categories: discrete or dimensional. This would be categorized as a discrete 
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model of affect as ‘standard’ emotions are viewed as locations on an emotional 

landscape. Ekman, Levenson, and colleagues have an approach that is a slight variation 

of the James-Lange Theory: 

 Emotion provides a mechanism by which behavior, facial expression, and the 
 appropriate ANS support can be quickly matched to the immediate environmental 
 demands.  The capacity of the ANS for supporting a limited number of primary 
 emotional/behavioral pairings is the centerpiece of its evolutionary value in 
 emotion.  (Levenson, 1988) 
 
This conception of emotion is distinguished by its focus on primary emotions often 

discussed in terms of their adaptive value as a means for selection across time and species 

(e.g., Ekman et al., 1983; Ekman, Sorenson, & Friesen, 1969; Levenson, Ekman, & 

Friesen, 1990).   

 Cacioppo, Berntson, & Klein (1992) also claim a position on the continuum based 

on their hypothesis involving “somatovisceral illusions.”  Cacioppo, et al. describe the 

occurrence of ambiguous pattern of somatovisceral afference which is perceived and 

specified, resulting in an immediate, spontaneous, and indubitable emotional experience 

(Cacioppo, et al, 2000).  Fridja (1986) and Lang, Bradley, & Cuthbert (1990) provide 

another hypothesis which fits on the continuum.  They state that anticipated or realized 

action requirements of the emotional challenge, rather than emotion as such, determine 

physiological responses to stimuli (Cacioppo, et al, 1993).  This concept of strategic and 

tactical aspects of emotions is reminiscent of James’ (1884) lock and key metaphor in 

which the individual’s emotion pattern is unlocked by the situation. 

 Occupying the other end of the continuum is the perspective that specific 

emotional events result from attributional processes initiated by the apperception of 

generalized autonomic arousal in combination with other components.  This model of 
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emotion as self-perception is another variation in interpretation of James’ writing (1884, 

1890, 1894) seen in the literature on ‘core affect’ (Russell, 2003; Russell & Barrett, 

1999).  As such emotion is caused by the ongoing, neurophysiological state that results 

from evaluation of the internal and external environment (Barrett, 2005).  This theory is 

based on the circumplex model of emotion proposed by Russell (1980) in which 

emotional experience is dimensional or occurs in quadrants of the circumplex.  Discrete 

and dimensional models are often presented as mutually exclusive, although it has been 

suggested (Levenson, 1988) that the most fruitful approach for ANS specificity research 

may be a hybrid of the two. Recent work (Christie & Friedman, 2004; Nyklicek et al., 

1997) in the area of ANS specificity of emotion carefully considered the structure of 

affective space with regard to the induction technique used and the proposed analysis of 

results. 

 This approach was employed in a study (Nyklicek et al., 1997) employing music 

induction that illustrated a hierarchical relationship between lower-order discrete 

emotions and higher-order emotion dimensions. Emotion induction using music 

(Nyklicek et al., 1997) as a dimensionally based affect manipulation was analyzed using 

a hybrid discrete-dimensional model of affect. In this view, emotions of the discrete 

model represent unique points in dimensional affective space.  Another study (Christie & 

Friedman, 2004) extended these finding by employing a discrete affect manipulation 

(film) with the hybrid discrete-dimensional model of affect and found similar results.  

Both of these studies represent progress in the field of emotion research via 

understanding of structure of affective space and manipulation techniques which fit well 

with these defining structures.  These studies also took in to account methodological 
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considerations which had been clarified in the literature (Cacioppo, Klein, Berntson, & 

Hatfield, 1993; Stemmler, 1989) allowing for more effective study of emotion and the 

autonomic nervous system. 

  Methodological considerations 

 The most recent research on ANS differentiation of emotions has attempted to 

address the discrepancies between studies via the suggestions proposed by Stemmler 

(1989) and Cacioppo, Klein, Berntson, & Hatfield (1993).  The ability to differentiate the 

physiological effects corresponding with a particular emotion from the effects arising 

from the experimental context alone, a “context without emotion” condition should be 

used (Stemmler, 1989).  This is a necessary step in emotion specificity research as it 

speaks directly to the Schachter-Singer Theory of emotion and strengthens the autonomic 

specificity assumption.  As demonstrated in contemporary research on emotion 

specificity (Christie & Friedman, 2004; Nyklicek et al., 1997) experimental paradigms 

must provide clear context-emotion separation.  Such procedures allow for disentangling 

the effects of context and emotion on physiological states (Stemmler, 1989). Thus studies 

of autonomic specificity of emotion can demonstrate valid manipulation of emotion 

allowing for comparison with future studies employing similar and/or different induction 

techniques. 

 Methodological guidelines for conducting research on the psychophysiology of 

emotion offered by Cacioppo, Klein, Berntson, & Hatfield (1993) include: (1) at least two 

emotions should be compared and a baseline measure should be used.  The necessity of 

first guideline is self-evident; the second stems from the interest in the change in ANS 

activity during each emotion.  The occurrence of multiple emotions in response to a 
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single stimulus, either simultaneously or close together in time requires the second 

guideline: (2) epochs of discrete emotions should be separable.  Concordance with the 

time of dependent measures underscores the third guideline: (3) epochs of emotions 

should be of the same length.  The need to check the manipulation of the emotion results 

in the fourth and fifth guidelines: (4) independent evidence should show that the intended 

emotions were produced and (5) independent evidence should show that the unintended 

emotions were not produced. 

 It is important to distinguish differences of intensity from physiological 

differences thus the sixth methodological suggestion: (6) independent evidence should 

show that emotion intensity was matched across comparable epochs.  The seventh 

guideline indicates the importance of time synchronization of all independent evidence 

from the previous three guidelines: (7) collection of independent evidence and 

physiological measures should be appropriately synchronized to the elicited emotion.  

Advancements in psychophysiological instrumentation allow for greater reliability of 

measurements as noted in the eighth guideline: (8) continuous measures should be used 

rather than “one-shot” measures if possible.  The ninth guideline indicates the need for 

appropriate statistical procedures and responsible interpretation of such procedures 

(Cacioppo, Berntsen, & Andersen, 1991): (9) multivariate statistical procedures should be 

used.  The final guideline describes the need to distinguish between intended results and 

masquerading task influenced results: (10) multiple eliciting tasks should be used to 

ensure that results are emotion-specific rather than task-specific. 

 Each of these methodological guidelines/suggestions originate from the need for 

comparison across studies of autonomic specificity of emotion made possible by meta-
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analyses of this literature (Cacioppo et al., 2000; Cacioppo et al., 1993).  The majority of 

these guidelines are observations made by the authors of the meta-analyses for the 

purposes of comparing future studies.  As such current research in this area (Christie & 

Friedman, 2004; Nyklicek et al., 1997) follow these suggestions very carefully.  The 

methodology of these studies is highly comparable and the results provide further 

evidence for the autonomic specificity assumption providing an excellent direction and 

model for the proposed study. 

  Multivariate studies 

 Considering the multiple dependent variables measured during such experiments 

it is necessary to utilize analytic methods that are able to distinguish the coordination of 

multiple response systems (i.e., patterns) accompanying emotion (Cacioppo et al., 1993). 

This notion that a univariate statistical approach to psychophysiological research is not 

appropriate is reiterated by Thayer & Friedman (2000) because it disrupts the continuity 

of the physiological response patterns by cutting physiological events into separate non-

representative pieces. This results in a loss of the patterns formed by the multiple 

variables, which is the major issue at hand.  Pattern classification analysis, the technique 

first utilized by Fridlund, et al (1984) is a more appropriate approach.  This technique 

employed by Nyklicek et al (1997) and Christie & Friedman (2004), is well suited as it 

allows for the simultaneous examination of multiple ANS response variables. 

 Two studies designed with these criteria in mind have been recently represented 

in the literature.  Nyklicek et al., (1997) examined a range of cardiorespiratory variables 

during affect manipulation. Subjects were 26 college students (men and women) between 

the ages of 18 and 26, music clips were used to induce emotion and analysis was 
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performed using change scores. Using multivariate techniques, Nyklicek et al. (1997) 

were able to distinguish the four affect conditions via patterns of ANS activity. 

Furthermore, over 70% of the variance was accounted for by the valence of the two 

emotion dimensions or the activation components in the ANS variables.   

 Christie & Friedman (2004) measured cardiovascular variables and skin 

conductance, including indices of sympathetic and parasympathetic cardiac control, 

during manipulation of affect.  The sample consisted of 34 male and female college 

students between the ages of 18 and 26, film clips were used to induce emotion and 

analysis was performed using change from baseline scores. Christie & Friedman (2004) 

used multivariate techniques to distinguish the six affect conditions via patterns of ANS 

activity. Furthermore, over 72% of the variance was accounted for by approach-

withdrawal of the emotion dimensions or the activation components in the ANS 

variables. 

 Physiological Measures 

 Cardiovascular response patterns were used by Nyklicek et al. (1997) and Christie 

& Friedman (2004) as indicators of underlying autonomic activity.  Autonomic control of 

cardiac chronotropic (rate effects) and inotropic (force effects) aspects of cardiovascular 

function can be obtained via combined use of ECG, impedance cardiography, and heart 

rate variability analysis techniques.  Chronotropic measures of interest include heart rate 

(HR), root mean successive squared differences (RMSSD), and respiratory sinus 

arrhythmia (RSA).  Heart rate is increased and decreased by sympathetic beta-adrenergic 

and vagal stimulation of the sino-atrial node respectively.  MSSD and RSA are measures 

of short term variability in heart rate and are primarily a reflection of vagal activity.  



 15

Inotropic measures of interest include pre-ejection period (PEP), left ventricular ejection 

time (LVET), stroke volume (SV), and Heather index (HI).  These are measures of 

cardiac contractility and reflect sympathetic beta-adrenergic influences (Sherwood, et al, 

1990; de Geus, et al, 1995). 

 This information can be further enriched when combined with vascular measures 

including systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean 

arterial pressure (MAP).  SBP and DBP will be measured using a blood pressure monitor 

cuff with a low frequency sensor to detect Korotkoff sounds resulting from arterial wall 

movements under the occluding cuff (IBS, 1998). MAP is calculated from SBP and DBP; 

MAP = 2/3 DBP + 1/3 SBP (Nyklicek et al., 1997). Several other cardiovascular 

variables of interest can be derived from the measures described above including stroke 

volume (SV), cardiac output (CO), respiration rate (RR), and total peripheral resistance 

(TPR),.  Inclusion of these variables is meant to provide a diverse montage of 

cardiovascular variables in responses to emotion inducing stimuli from which 

sympathetic and parasympathetic control can be derived. 

Music and Film Emotion Induction Techniques 

 The study by Nyklicek et al. (1997) provides further evidence for ANS patterning 

of emotion where music was the emotion induction condition. The emotion induction 

condition employed by Christie & Friedman (2004) was film, and emotion specific ANS 

patterns were discernable.  To date there have been no studies which examine the use of 

music and film induction within the same sample. According to the aforementioned 

findings there is a great deal of concordance. Such a procedure is proposed in this study 
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to assay the potential contrast between these two previously accepted induction 

techniques. 

 The use of music and film mood induction techniques with a single sample of 

subjects is a novel approach to emotion research.  This approach will allow for 

comparison of these two techniques which has only been possible through meta-analysis 

previously (Gerrards-Hesse, Spies & Hesse, 1994; Westermann, Spies, Stahl & Hesse, 

1996). These procedures are similar to and different from one another in a number of 

ways. Seven key dimensions have been suggested (Rottenberg, Ray & Gross, 2007) that 

are salient to the selection and use of these procedures: ecological validity, intensity, 

demand characteristics, standardization, temporal considerations, attentional capture, and 

complexity.  Careful consideration of these dimensions is important when determining 

which technique best matches the goals and questions of the study at hand and allows for 

a comparison of the two distinct techniques. 

 The major argument for the use of film for emotion induction has been ecological 

validity (Gross & Levenson, 1995) or its ability to mimic a natural situation.  The 

dynamic nature of film scenes provides an optimal artificial model of reality, replicating 

many of the stimuli that make us emotional in real life without the ethical and practical 

problems of real-life techniques (Schaefer et al, in press). From this standpoint, films 

appear to be high in ecological validity. Film-emotion appears to be real and robust 

producing observable behavioral reactions such as, overtly weeping to sad films, visible 

gagging to disgust films, and convulsive laughter to amusing films (Rottenberg et al., 

2002). But film-emotion has been described as a kind of aesthetic emotion (Frijda, 1989) 

that requires “suspension of disbelief” to occur. Thus subjects become emotional in 
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response to films in spite of (or because of) the fact that film images are an illusion of 

reality. 

 Ecological validity of music is not an issue that appears in the literature and it 

maybe a function of the ubiquity of affectively charged music in the daily lives of people 

the world over is difficult to refute (Ng & Eich, 2007).  Music is an interesting and oft-

explored method of emotion elicitation (Friedman, 1989; Nyklicek et al., 1997; 

Sutherland et al., 1982; Thayer, 1986; Uijtdehaage & Thayer, 1988).  More specifically 

such an elicitation procedure may increase the mundane realism of an emotion induction 

supplementary to, or independent of, other elicitation approaches (Ng & Eich, 2007). 

 Intensity is another underlying dimension of importance in emotion induction.  

Both music and film have been shown to be sufficiently intense. It has been widely 

observed that film excerpts can elicit strong subjective and physiological changes (e.g. 

Frazier, Strauss & Steinhauer, 2004; Gross, 1998; Palomba, Sarlo, Grilli et al., 2000). 

Strong behavioral responses such as crying have been observed in the literature and 

extensive successful emotion induction has been noted and replicated using music 

(Nyklicek et al., 1997). Meta-analysis among several other techniques showed that film 

seems to be the most powerful technique to elicit emotion in a laboratory: film clips were 

the most potent inducers of both positive and negative mood states (Westermann, Spies, 

Stahl & Hesse, 1996).  This increases the importance of an intra-sample comparison of 

music and film techniques. 

 The instructions given to the subjects in a study play a large role in provoking 

demand and should be considered carefully. It has been suggested that simpler 

instructions (e.g. “to please watch the film carefully.”) reduce demand characteristics 
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(Rottenberg, Ray & Gross, 2007) Also, film demand characteristics are also film content 

dependent. That being said, film clips can elicit emotion with relatively low levels of 

demand. Music has less risk of demand bias as subjects are less likely to guess the 

meaning of the experiment (Nyklicek et al., 1997). Thus, it possible that the music 

technique could be more effective than the film technique in this regard. Standardization 

is not truly an issue with either music or film excerpts as both are readily transferable 

between researchers (or at least instructions for creating excerpts are). As the researcher 

is minimally involved in the elicitation music and film are noted as the most easy-to-use 

of emotion elicitation techniques (Schaefer et al., in press). 

 Requirements for temporal resolution, or granularity, differ widely between 

emotion researchers and depend on their topics of interest and underlying assumptions 

(Rottenberg et al, 2007). Fortunately, music and films in their prototypical use, are very 

similar (low) in their in temporal resolution, and range from about 1 to 4 minutes in 

length. Because emotions are a relatively rapid phenomenon, with onsets and cessation 

over seconds, films (and other low resolution procedures) will produce epochs of data 

that are heterogeneous in emotional activation (Rottenberg et al, 2007). In accord with 

the methodological guidelines (Cacioppo et al., 1993) previously discussed consideration 

has be given to procedures for extracting the emotional phenomena of interest from these 

longer epochs (i.e., a priori criteria: last 60-second period averages) (Rottenberg et al, 

2007). 

 The music and film emotion elicitation procedures vary in how much of 

participants’ attention they require to operate although another underlying dimension 

(complexity) prescribes whether the difference in task attentional capture is negligible. 
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As there are no concurrent tasks in the proposed procedure the high attentional 

requirements of either technique should not preclude performance of subsequent tasks 

(e.g., filling out questionnaires). It should be noted that a dynamic display that engages 

both visual and auditory modalities, such as film clips are also typically fairly high in 

attentional capture. 

 Logically it follows that music has lower attentional capture than film as it 

engages only the auditory modality. It is important to note that musicians and non-

musicians process music differently and thus this should be noted and considered during 

the analysis of the data.  In a classic study, it was discovered that naive listeners depend 

on the right hemisphere for discriminating melodic sequences but musicians use the left 

hemisphere for this task (Bever & Chiarello, 1974). It seems that musicians may process 

music (specifically melodies) in a more analytic, "language-like" manner than non-

musicians. 

 As a precaution subjects will be given a brief neuropsychological evaluation, 

Denman Memory for Tones and Melodies subset (Denman, 1987). Subjects’ scores will 

be recorded by the experimenter to be compared against standardized norms. During data 

analysis these scores will be used as an indication of musical ability as a safeguard 

against confounding due to music ability. Such a step has no precedence in the literature 

but is a logical guard against accepted differences that could exist in the population of 

interest. Various studies have examined the difference between musicians and non-

musicians using musical emotion induction (Johnsen, 2004; VanderArk & Ely, 1992; 

1993). Varied criteria were used in these studies to categorize subjects as musicians or 

non-musicians; undergraduate major: biology or music (VanderArk & Ely, 1992; 1993); 
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participation in music lessons/current musical performance (Johnsen, 2004). In 

accordance with Bever & Chiarello (1974) operationalization of musicians the proposed 

study will define musician and non-musician as defined by Johnsen (2004) using a subset 

of questions from an adapted version of the Music Preference Scale (Little & Zuckerman, 

1986: see Appendix E).  

 During phase one of the experiment subjects will complete this adapted version of 

the Musical Preference Scale (Little & Zuckerman, 1986) online. This self-report scale 

will indicate whether the subject has a preference for classical music compared to other 

genres of music. Familiarity with a stimuli has been shown to affect the emotional 

judgement of a stimuli, known as the ‘mere exposure effect’ (Zajonc, 1980). Music 

preference will be noted during data analysis in order to prevent preference from 

confounding the emotion induction of the music clips. 

 Perhaps most striking is the variability of film clips on this dimension of 

complexity. A film can be a still silent image such as a fixation cross or test pattern, or a 

dynamic, visual and auditory sequence that depicts complex themes. In their traditional 

incarnation, the film clips that are used for emotion induction tend to be dynamic, multi-

modal, and reliant upon meaningful narrative (Rottenberg et al, 2007). This does not 

detract from the complexity of music for it is important to consider the components 

which constitute the pieces (pitch, tone, modality, etc.) and the subsequent complexity of 

each piece.  The standardized films (Gross & Levenson, 1995) to be used were selected 

and edited by the researchers so as to decrease complexity (i.e. scenes without musical 

scores, requiring no knowledge of plot, etc.). This allows for techniques which are 

comparable in complexity lending themselves to intra-sample evaluation. 
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 Consideration of these dimensions indicates the similarity of both music and film 

induction is sufficient to warrant intra-sample application and comparison. The 

differences that exist between the induction techniques also calls for such investigation as 

well with the potential for distinguishing these distinct techniques based on the seven 

dimensions previously mentioned (Rottenberg et al, 2007). Both techniques have been 

previously used to induce emotion and match the goals and questions of the study at 

hand. As these dimensions are so salient to the selection and use of these procedures it is 

proposed that distinctions should map on to one or more of the dimensions. 

Stimulus-Response Specificity and Individual-Response Specificity 

 At this point, it is important to note the psychophysiological principle which 

describes universal response patterns: stimulus-response specificity (SRS).  Simply stated 

this discrete principle asserts specific stimulus contexts which result in certain patterns of 

responding (Lacey 1959).  An example is the orienting response, a response pattern 

which was first studied by Ivan Pavlov (1927).  Major components of the orienting 

response are (1) heart rate deceleration (2) delayed respiration followed by increased 

amplitude and decreased frequency (3) peripheral vasoconstriction (4) somatic quieting 

or decreased irrelevant activity (5) increased skin conductance (Sokolov, 1963).  The 

patterning of the orienting response clearly demonstrates a special case of stimulus-

response specificity:  directional fractionation (Lacey, 1959).   This pattern of 

physiological response during orienting instantiates well the more general principle of 

stimulus-response specificity. 

 However, this concept of universal response patterns does not discount the 

possibility of individual variance in the patterns.  The term ‘symptom specificity’ first 



 22

proposed in a clinical study (Malmo & Shagass, 1949) in which two groups of 

individuals with common medical histories were found to respond differently to pain 

stimuli. Under more empirical investigation it was found that this phenomenon occurred 

in a normal population as well (Lacey, et al, 1953) and the term ‘autonomic response 

specificity’ was formulated. The current nomenclature in this area employs the term 

individual response specificity (IRS) in nomothetic studies and individual response 

stereotypy in idiographic studies (Stern, et al, 2001). This study involved the use of four 

“stressful” conditions:  cold pressor, mental arithmetic, letter association, and 

hyperventilation during each task HR, HR variability, and SCL were measured.  

Interestingly, it was found that individuals responded with certain physiological 

components in a hierarchy (Lacey, et al, 1953).  This hierarchical response pattern was 

seen in some subjects as a tendency for the greatest response change to be in HR, 

followed by HR variability, and then SCL across conditions (Lacey, et al, 1953).  

 At first glance it may appear as though these two principles are dichotomous, but 

it is the hierarchical response pattern which demonstrates that SRS and IRS occur 

simultaneously as seen in later work by Engel (1960) and Moos and Engel (1962).  

Young female subjects presented with “stressful” conditions were monitored via a 

number of physiological variables. The results clearly demonstrated concurrent SRS and 

IRS (Engel, 1960). Extending this research, groups of hypertensive subjects and arthritic 

subjects responded with distinguishable hierarchical response patterns.  The hypertensive 

subjects tended to respond to “stressful” conditions with increased blood pressure 

responses where as arthritic subjects responded with increased EMG over their arthritic 

joints (Moos and Engel, 1962). 
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 A study involving similar “stressful” conditions employed cluster analysis to 

group the subjects based on their cardiovascular responses (Allen, et al, 1991).  The 

results indicate that there are discriminable clusters of subjects with similar or the same 

pattern of cardiovascular responses to the conditions.  The ability to group individuals 

based on cardiovascular response patterns under stress indicates that it is also possible to 

use cluster analysis on cardiovascular response patterns measured during emotion 

induction.  Furthermore, the principles of SRS and IRS indicate this to be a valid 

hypothesis and one worthy of investigation promising to provide more definitive 

evidence to elucidate the controversy in the debate over ANS specificity of emotion.  

That core issue is the question of whether emotions are causal entities; this ontological 

status is assumed by many modern models of emotion (Barrett, 2005). 

 The proposed study ascribes to the idea that basic emotions can be discriminated 

by patterns of physiology thus the physiology is the underlying connection supporting the 

idea that emotions are natural kinds.  It has been stated that researchers have not 

established a strong evidentiary basis for natural kinds of emotions (Barrett, 2005). This 

is a point of great contention as much research has found support for this idea (Christie & 

Friedman, 2004; Ekman, Levenson & Friesen, 1983; Levenson, Ekman & Friesen, 1990; 

Nyklicek et al., 1997).  Furthermore the proposed study plans to bolster this body of 

research and answer the second challenge presented:  “they have not observed the kind of 

response clusters within categories that would confirm the status of emotions as natural 

kinds” (Barrett, 2005). 

 As proposed this study suggests that cluster analysis will reveal distinct groups of 

individuals with similar patterns of individual response stereotypy within the larger 
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stimulus response specific response patterns.  Previous findings from cardiovascular 

stress literature (Allen, et al, 1991) suggest that this is a very real possibility and the 

principles of psychophysiology support this proposition (Lacey, et al, 1953).  These 

proposed findings would strengthen the case for ANS specificity directly via replication 

of previous pattern classification analysis findings (Christie & Friedman, 2004; Nyklicek 

et al., 1997) and provide novel findings which have been called for by researchers who 

disagree with the ANS specificity assumption (Barrett, 2005). 

Aims 

 One goal of this study is to replicate the findings of Nyklicek et al (1997) and 

Christie & Friedman (2004) regarding physiological differentiation of emotions via 

pattern classification analysis.  A second goal is to compare the autonomic specific 

patterns between the music and film conditions across the different basic emotions.  A 

third goal of this study is to extend the previous findings with the application of cluster 

analysis from an individual response specificity perspective. 

Music Selection Phase 

Method 

Subjects 

 Seventy-one Virginia Polytechnic Institute and State University undergraduates 

(34 women and 37 men, mean age = 19.4 years [1.8] range = 18 to 28) were recruited 

using the Psychology Department online experiment management system provided by 

Sona-Systems, Ltd. Female and male subjects were included in accordance with 

contemporary emotion specificity research (Christie & Friedman, 2004; Nyklicek et al., 
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1997).  Students received extra credit for their participation which could be applied 

towards their Introductory Psychology course or another course grade. 

Apparatus 

 Questionnaires 

 Screening of subjects took place via the online experiment management system 

based on self-reported health status questionnaire (see Appendix A). As noted in previous 

research the characteristic blunted affect (anhedonia) accompanying depression or the 

inability to accurately identify or describe affective states, a characteristic of alexithymia 

could prevent an individual from completing the study (Christie & Friedman, 2004). 

Subjects completed the Beck Depression Inventory-II (BDI-II: see Appendix B; Beck, 

Steer, & Brown, 1996) and the Toronto Alexithymia Scale (TAS-20: see Appendix C; 

Bagby, Taylor, & Parker, 1992a; Bagby, Parker, & Taylor, 1992b) through the online 

experiment management system; the reliability and validity of both these measures has 

been well documented and supported in the field. 

 The following cutoff scores were used to screen out individuals.  For the BDI-II a 

cutoff of 19, the upper limit for mildly depressive symptomatology (Beck et al., 1996) 

was employed (sample mean: 6.4; standard deviation: 5.5; range: 0-20). For the TAS a 

cutoff of 51, the lower limit for diagnosis of alexithymia (Bagby, Taylor et al., 1992a; 

Bagby, Parker et al., 1992b) was employed (sample mean: 40.8; standard deviation: 8.0; 

range: 23-50). Sixty-six individuals were screened out based on self-reported levels of 

depression or alexithymia above the previously noted cutoff scores. 

 Following each emotion elicitation subjects completed a 23-item affect self-report 

scale (ASR) (Nyklicek et al., 1997: see Appendix E). The ASR contains items in 
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accordance with both the discrete (content, amused, fearful, angry, sad, indifferent, and 

neutral) and dimensional (good, bad, positive, negative, calm, agitated, pleasant, 

unpleasant, passive, active, relaxed, and excited) models and thus matches well with a 

hybrid model of affective space. Gross & Levenson (1995) used the discrete portion of 

the scale to generate and validate the standardized film set and the dimensional portion is 

based upon an English translation of the scale used by Nyklicek et al. (1997).  The final 

three questions on each ASR were of level of intensity and enjoyment as rated on a 7-

point Likert scale and familiarity rated either ‘yes’ or ‘no’. For the affective self-report 

variables, the 7-point Likert scales of the 23 items of the questionnaire were used in the 

analysis. 

 Music clips 

 Music clips were used to elicit the discrete emotions: happiness, sadness, 

contentment, fear, anger, surprise and a relatively neutral state (Baumgartner, Esslen, & 

Jancke, in press; Friedman, 1989; Etzel, 2006; Krumhansl, 1997; Mayer, Allen, & 

Beauregard, 1995; Nyklicek et al., 1997; Thayer, 1986; Uijtdehaage, 1988).  These clips 

were found to evoke discrete patterns of central and peripheral nervous system arousal. 

As these clips were used in different studies it was necessary to pilot all of the clips with 

a single sample to verify their ability to induce the same emotions as in previous studies. 

Furthermore, only two clips for each emotion were employed during the experimental 

phase of the study. The clips varied in length ranging from 65 to 240 seconds, with an 

average length of 105 seconds with loudness within the music clips varying between 50-

90 dB and 70 dB for the “white” noise clip. 
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 Music clips and a priori emotion condition tested during the music selection 

phase are as follows: 

“Baseline” –  Silence (1, 2, 3 minute intervals) 

Amusement – Strauss: Unter Donner und Blitz 

  Bizet: Suite Carmen (Les Toreaudors) 

  Coldoban & Nikitka: traditional Romanian folksong 

Agitation/Anger – Stravinsky: The Rite of Spring 

  Shostakovich: 8th Symphony (Adagio) 

  Bartok: Concerto for two pianos, percussion and orchestra (Assai   

   Lento / Allegro Molto) 

  Moussorgsky: Disney’s Fantasia Score - A Night on Bald    

   Mountain 

  Holst: The Planets - Mars-The Bringer of War 

  Penderecki: Threnody for the Victims of Hiroshima 

  Mansell: Requiem for a Dream - Southern Hospitality 

Contentment – Dvorak: 9th Symphony (Largo) 

  Bizet: Suite Arlesienne (Menuet) 

  Bizet: Suite Carmen (Intermezzo) 

Fear –  Fenton: Dangerous Liaisons Score – Tourvel’s Flight 

  Zimmer:  Crimson Tide Score - Alabama 

  Herrmann:  Vertigo Score - Prelude and Rooftop 

  Simon: Henry V Score - The Battle of Agincourt 

  Fenton: Tourvel’s Flight (Dangerous Liaisons Score) 
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  Herrmann: Vertigo - The Nightmare 

  Herrmann: Psycho - Patrol Car 

  Mansell: Requiem for a Dream - Marion Barfs 

  Herrmann: Vertigo - Prelude and Rooftop 

  Penderecki: Threnody for the Victims of Hiroshima 

  Herrmann: Psycho - Temptation 

Neutral State – “White” Noise (1, 2, 3 minute intervals) 

Sadness –  Mozart: Requiem (Lacrymosa) 

  Grieg: Peer Gynt (The Death of Ase) 

  Chopin: Marche Funebre 

Surprise – Penderecki: Threnody for the Victims of Hiroshima 

  Harlan: Eyes Wide Shut Score - Ricercata No. 2 

  Bartok: The Shining Score 

  Shostakovich: Eyes Wide Shut Score 

Procedure 

 Music clips and “white” noise were presented using MediaLab software 

(MediaLab, 2005) through Sony noise-canceling headphones (model #: MDR-NC6) 

connected to the desktop computer at which the subject was seated. Following the 

presentation of each piece of music or interval of white noise subjects completed the ASR 

via the computer after which they were presented the “washout” clip. This process was 

repeated until all music clips were presented.  
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Results 

Statistical Analyses for Music Selection Phase 

 All statistical analyses were performed using SPSS statistical software v15 (SPSS, 

2007). The selection criteria for the musical pieces to be used in the main experiment 

were maximal response on the discrete emotion item from self-report and a small 

standard deviation in self-reported affect (Table 1). The mean responses across the 

dimensional variables are also provided (Table2) although these maximal responses were 

not used in determining which music pieces were to be used. Additionally, high factor 

loadings on the two factors labeled valence and activation (Table 3) were also considered 

in selecting the appropriate music pieces. Factor loadings for each emotion condition 

demonstrate highest loadings on each factor in the expected direction. 

 Factor analysis indicated two factors which explained 59.5% of the variance as 

depicted in Figure 1 (Extraction Method: Principal Component Analysis, Rotation 

Method: Varimax with Kaiser Normalization). Self-report items with the highest factor 

loadings for the first factor were good and pleasant (on the positive extreme; high arousal 

and pleasant emotion) and unpleasant and bad (on the negative extreme; low arousal and 

unpleasant emotion. The highest loadings on the second factor were agitated and excited 

(positively; high arousal and unpleasant emotion) and calm and relaxed (negative; low 

arousal and pleasant emotion). Based on these findings the two-factors are combinations 

of the two dimensions of arousal and valence. This is depicted in Figure 1 in which the 

diagonals represent these two underlying factors. This factor structure and the position of 

the music pieces in the factor space match previous findings using music excerpts to elicit 

emotions (Nyklicek et al., 1997). 
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 The musical pieces which met these criteria were: 

Amusement – Bizet: Suite Carmen (Les Toreaudors) 

  Coldoban & Nikitka: traditional Romanian folksong 

Anger – Penderecki: Threnody for the Victims of Hiroshima 

  Mansell: Requiem for a Dream - Southern Hospitality  

Contentment – Bizet: Suite Carmen (Intermezzo) 

  Dvorak: 9th Symphony (Largo) 

Fear –   Penderecki: Threnody for the Victims of Hiroshima 

  Zimmer: Crimson Tide Score – Alabama 

Neutral –  “White” Noise (1 minute interval) 

Sadness – Chopin: Marche Funebre 

  Mansell: Requiem for a Dream - Marion Barfs 

Surprise –  Bartok: Concerto for two pianos, percussion and orchestra (Assai   

   Lento / Allegro Molto) 

  Harlan: Eyes Wide Shut Score- Ricercata No. 2 

Validation of standardized music excerpts 

 The results of MANOVA of the discrete and dimensional self-report variables 

provide evidence for music excerpts which are significantly different from one another 

(Hotelling’s F ranged from 13.94 to 67.64, all p’s <.001). The results of the factor 

analysis revealed underlying factors which could be labeled as valence and activation; 

supporting previous findings in the literature (Nyklicek et al., 1997). The validation of 

this set of music pieces is an important step as such a set of standardized music clips 

which spans the gambit of basic emotions was not extant in the literature. This will allow 
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researchers to use not only film clips but music clips to induce mood. Such possibilities 

allow for more flexibility in designing studies of emotion affording researchers the 

opportunity to use music to induce a wide range of emotions. 

Main Experiment 

Method 

Subjects 

 Fifty Virginia Polytechnic Institute and State University undergraduates (27 

women and 23 men, mean age = 19.3 years [1.3] range = 18 to 26 years) were recruited 

using the Psychology Department online experiment management system provided by 

Sona-Systems, Ltd. Previous work (Nyklicek et al., 1997 [n=26]; Christie & Friedman, 

2004 [n=34]) has indicated that a sample of less than fifty subjects provides adequate 

power to detect significantly different ANS patterns.  Female and male subjects were 

included in accordance with contemporary emotion specificity research (Christie & 

Friedman, 2004; Nyklicek et al., 1997).  Students received extra credit for their 

participation which could be applied towards their Introductory Psychology course or 

another course grade. Screening of subjects took place via the online experiment 

management system based on self-reported health status questionnaire (see Appendix A). 

 As noted previously depression and/or alexithymia could prevent an individual 

from completing the study (Christie & Friedman, 2004). Subjects completed the Beck 

Depression Inventory-II (BDI-II: see Appendix B; Beck, Steer, & Brown, 1996) and the 

Toronto Alexithymia Scale (TAS-20: see Appendix C; Bagby, Taylor, & Parker, 1992a; 

Bagby, Parker, & Taylor, 1992b) through the online experiment management system. 

The same cutoff scores used to screen out individuals used during the music selection 
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phase were used during the experimental phase.  Experimental sample mean for the BDI-

II was 4.5 (standard deviation: 4.8; range: 0-18); the sample mean for the TAS was 47.8 

(standard deviation: 6.9; range: 30-50). Four-hundred twenty-eight individuals were 

screened out based on scores on the BDI-II, TAS or for reporting a history of 

cardiovascular problems, neurological deficits, or those currently taking medication for 

hypertension, depression, or anxiety. 

Apparatus 

 Music clips 

 Music clips piloted during the selection phase were used to elicit the discrete 

emotions: amusement, sadness, contentment, fear, anger, surprise and a relatively neutral 

state. Only two musical pieces for each emotion were employed during the experimental 

phase of the study. The clips varied in length ranging from 69 to 149 seconds, with an 

average length of 113 seconds with loudness within the music clips varying between 50-

90 dB and 70 dB for the “white” noise clip (125 seconds).  Music clips and “white” noise 

were presented through the Sony noise-canceling headphones (model #: MDR-NC6) 

connected to the desktop computer at which the subject was seated. 

 Film clips 

 Standardized films were shown to elicit the discrete emotions amusement, anger, 

contentment, fear, sadness, surprise and a relatively neutral state (Christie & Friedman, 

2004; Gross & Levenson, 1995). The clips varied in length ranging from 30 to 203 

seconds, with an average length of 145 seconds and were presented on a 17 inch desktop 

computer monitor approximately 1.5 feet from the subject. Descriptions of film clips are 

as follows: 
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Amusement –  When Harry Met Sally (rated R). Orgasm discussion in café. (2:35) 

  Robin Williams Live (rated R). Stand-up comedy routine. (3:25) 

Anger –  Cry Freedom (rated PG).  Protesters are abused by police. (2:36) 

  My Bodyguard (rated PG). Bully scene. (4:06) 

Contentment – Waves crashing on shore (noncommercial). (0:58) 

  Beach scene with seagulls (noncommercial). (0:38) 

Fear –   Silence of the Lambs (rated R).  Chase scene, dark basement. (3:29) 

  The Shining (rated R). Boy playing in hallway. (1:22) 

Sadness – The Champ (rated PG). Boy cries at father’s death. (2:51) 

   Return to Me (rated PG-13). Man and dog after wife’s death. (2:35) 

Surprise – From Capricorn One (rated PG-13). Agents burst through door. (0:49) 

  Sea of Love (rated R). Man startled by pigeons. (0:30) 

Neutral – Lines of random color, length, and orientation (noncommercial). (1:30) 

“Washout” – Clip Repeating colored vertical “screen test” bars (noncommercial, the  

  second neutral clip from Gross & Levenson, 1995). (1:00) 

 Equipment 

 Physiological signals were acquired through disposable, pre-gelled stress-testing 

electrodes (Surtrace; ConMed Co., Utica, NY). The attachment sites were prepared using 

70% isopropyl alcohol. Electrocardiogram (ECG) was recorded using the BIOPAC 

Electrocardiogram Amplifier ECG100C (BIOPAC Systems Inc, Goleta, CA), with the 

thoracic electrodes placed in a Lead II configuration as recommended by BIOPAC for 

ECG recording. Impedance cardiogram (ICG) was recorded using the Minnesota 

Impedance Cardiogram (Instrumentation for Medicine, Minneapolis, MN) and a four spot 
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electrode array as per the recommendation found in the Methodological Guidelines for 

Impedance Cardiography (Sherwood et al., 1990). 

 Electrodermal Activity (EDA) was recorded using a Coulbourn LabLinc V 

System Isolated Skin Conductance Coupler V71-23 (Coulbourn Instruments, Allentown, 

PA). Electrodes (two) were place on the thenar and hypothenar eminences of the subjects 

left palm (Dawson, Schell, & Filion, 2007). Respiratory signals from thoracic and 

abnomial sites were recording using two Coulbourn LabLinc V System Resistive Bridge 

Strain Gage Couplers V71-23 (Coulbourn Instruments, Allentown, PA). The Coulbourn 

Resistive Bridge Strain Gage Couplers were connected to two Coulbourn Aneroid Chest 

Bellows V94-19 placed around the subjects thorax (above the pectoralis muscles) to 

record thoracic respiration and around the abdomen (at the level of the umbilicus) to 

record abdominal respiration.  Signals from each device (ECG, ICG, EDA and 

Respiration) were digitized at 1,000 Hz (24 bit resolution). Systolic blood pressure (SBP) 

and diastolic blood pressure (DBP) was recorded using an IBS SD-700A automated BP 

monitor at the start of each epoch (Industrial & Biomedical Sensors Corp., Waltham, 

MA). 

 ECG, ICG, and Respiration data was analyzed using the Ambulatory Monitoring 

System Impedance Cardiogram Analysis Software and the Ambulatory Monitoring 

System Respiration Analysis Software (AMS; Vrije Universiteit, Department of 

Psychophysiology, Amsterdam, The Netherlands). Heart Rate Variability Analysis was 

performed using HRV Analysis Software v1.1 (HRV; The Biomedical Signal Analysis 

Group. Department of Applied Physics, University of Kuopio, Finland). EDA data was 
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analyzed using the BIOPAC AcqKnowledge software (BIOPAC Systems Inc, Goleta, 

CA). 

Quantification of Physiological Data 

 From the ECG, ICG, BP, EDA and Respiration tracings mean values were taken 

of the last 60-s periods of each condition (washout and stimulus) in order to derive the 

following autonomic variables: 

1) PEP – cardiac pre-ejection period 

2) LVET – left ventricular ejection time 

3) IBI – inter-beat-interval 

4) SV – stroke volume, computed with Kubicek formula (Kubicek, et al, 1974) 

5) CO – cardiac output 

6) SBP – systolic blood pressure 

7) DBP – diastolic blood pressure 

8) MAP – mean arterial pressure 

9) TPR – total peripheral resistance 

10) RSA – respiratory sinus arrhythmia 

11) TI – time of inspiration 

12) TE – time of expiration 

13) RR – respiration rate 

 Due to differential lengths of music clips and film clips change scores were 

calculated by subtracting the mean scores from the last 60 seconds of the stimulus for 

each autonomic variable from the mean scores from the last 60 seconds of the preceding 

washout period.  The absolute values of SV and TPR are unreliable for inter-subject 
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comparisons. Therefore responses for these variables were defined as percent-change 

scores between mean value of stimulus condition and the mean value of the preceding 

washout condition (Nyklicek et al., 1997). 

Procedure 

 All experimental sessions were held at the Mind/Body Laboratory (MBL), 

Department of Psychology at Virginia Polytechnic Institute and State University. All 

subjects read and signed an informed consent approved by the university Institutional 

Review Board (see Appendix F for Informed Consent). Regarding the stimuli 

presentation, two sequences of presentation was used; the music and film clips alternated 

and were partially counterbalanced between subjects to prevent order effects (Nyklicek et 

al., 1997).  An additional constraint that negatively valenced film clips alternate with 

positively or neutrally valenced film clips was also observed in the presentation order of 

clips (Christie & Friedman, 2004). 

 A gender-matched researcher attached electrodes and the blood pressure cuff used 

to record physiological data. ECG, ICG, SCL electrode attachment sites were prepared 

with 70% isopropyl alcohol wash. The respiration transducers were fitted to the subject 

such that they were tight but comfortable. The blood pressure cuff was placed over the 

brachial artery on the subject’s left forearm.  The subjects were seated in a comfortable 

chair in a sound-attenuated room. Prior to presentation of the music and film clips the 

researcher administered the Denman neuropsychological assessment for Memory for 

Tones and Melodies subtest. The procedure and instructions provided to subjects were 

given as described by the instructions this particular subtest in the Denman 

Neuropsychology Memory Scale manual (Denman, 1987: see Appendix H). 
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 Following the administration of the Denman subtest, subjects were told to listen 

to a number of music clips and watch a number of short film clips with different 

emotional content and that they were to pay close attention to how they felt as they were 

presented with the clips. Furthermore, subjects were told that following each clip they 

were asked to describe how they felt during the preceding clip (see Appendix G for 

complete subject instructions). After a ten minute adaptation period, the 1 minute 

baseline period of recording occurred to verify proper equipment functioning, subjects 

completed a baseline ASR followed by the first clip. 

 After presentation of each clip, subjects completed the ASR scale to assess their 

affective response during the presentation. Following completion of the scale, subjects 

were presented with a one minute “washout” clip during which they were instructed to 

“sit quietly with your eyes closed and clear your minds of all thoughts, feelings, and 

memories”. The next stimulus presentation then commenced. This procedure was 

repeated for the remaining stimuli conditions. The procedure for the music clips and film 

clips is comparable to that used by Nyklicek et al. (1997) and Christie & Friedman 

(2004). 

 Following completion of the sequence of clips and the final rest period the leads 

and transducers were disconnected. The subjects removed the pre-gelled stress-testing 

electrodes on their own.  In conclusion, the subject were debriefed, given a full 

explanation of the study and why it is important. The Experimenter answered any 

questions the subject had about the study and was given an explanation of the intention of 

the music clips and film clips and ascertained any suggestions from the subject for 

improving the experimental procedure. 
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Results 

Effect of score on Denman Neuropsychological Evaluation on ASR variables  

 Self-Report Variables 

 Only one self-report variable was found to be significantly different using 

Independent samples t-tests based on performance on the Denman Memory for Musical 

Tones and Melodies subscale. The dimensional self-report variable, bad, was rated higher 

across all emotion conditions by individuals (n = 5) who scored greater than one standard 

deviation below the standard score of 10 on the Denman (t(46) = -2.954, P<.05).  

Univariate analysis of dimensional ASR variables 

 Repeated measures MANOVAs for each dimensional self-report item revealed 

significant within subject differences for each presentation order (all ps < .05; 

Greenhouse-Geisser correction applied for violations of sphericity). Only two 

dimensional variables had significant order effects; calm (F(1,297) = 2.55, P< .05), 

excited (F(1,297) = 2.44, P< .05). These results indicate that individuals presented the 

clips in the first order rated the clips as more exciting than individuals presented the clips 

in the second order. Furthermore these results indicate that individuals presented the clips 

in the second order rated the clips as more calm than individuals presented the clips in the 

first order.  

Univariate analysis of discrete ASR variables 

 Manipulation Check 

 Repeated measures analysis of variance revealed significant within subject 

differences in discrete ASR variables for each emotion condition (all ps < .05; 

Greenhouse-Geisser correction applied for violations of sphericity). These results indicate 
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that discrete self-report variables differed significantly between emotion conditions. 

Hotellling’s approximate F(df = 6,29) ranging from 9.87 for neutral to 75.94 for sad (all 

ps <.001).  

 As shown in previous research (Christie & Friedman, 2004; Gross & Levenson, 

1995; Nyklicek et al., 1997) standardized emotion eliciting music clips and film clips 

should be verified via some other means (i.e. self-report of emotional experience) in 

order to determine that the emotion each clip elicited matches the expected emotion.  The 

use of the ASR provided a means to verify if the subject was experiencing the emotion 

that the stimulus was intended to elicit. Paired t-tests were used to explore the 

effectiveness of the affect manipulations with respect to the discrete ASR items. For the 

amusement, contentment, fear, sadness and surprise emotion conditions, ratings on 

discrete item for the respective conditions were significantly greater than all other 

discrete items (all ps < .05).  

Pattern classification using ANS variables 

 Overall, 44.03 % of observations were correctly classified into the predicted 

emotion conditions. As depicted in the diagonal of Table 4, Classification hit rates for 

individual emotion conditions ranged from 34.70 % to 59.20 %. The overall classification 

hit rate, indicating overall classification success, was statistically greater than chance (z = 

15.34, p < .01). With respect to individual emotion conditions, amusement (z = 6.12, p = 

.001), anger (z = 4.49, p < .002), contentment (z = 6.12, p < .001), fear (z = 5.72, p < 

.002), neutral (z= 6.12, p < .001), sadness (z = 4.08, p < .002) and surprise (z =8.98, p< 

.001) were successfully classified at statistically greater than chance levels. Table 5 
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summarizes the tests for significance from pattern classification using physiological 

variables. 

 Pattern classification using ASR variables 

 The overall classification hit rate was 58.33 % with individual emotion condition 

hit rates ranging from 35.40 % to 77.10 %. All hit rates (both overall classification (z = 

22.46, p < .01) and each of the emotion conditions) were statistically greater than chance 

(amusement: z = 11.20, p < .001; anger: z = 8.72, p < .001; contentment: z = 12.43, p < 

.001; fear: z = 4.18, p < .001; neutral: z = 8.31, p < .001; sadness: z = 9.13, p < .001; and 

surprise: z = 7.07, p < .001. These results are summarized in tables 7. 

Discriminant analysis using ANS & ASR variables 

 A discriminant analysis of the ANS variables for each emotion condition 

(amusement, anger, contentment, fear, neutral, sadness, surprise) resulted in 6 (n-1, n 

being the number of conditions) discriminant functions accounting for 47.0%, 28.5%, 

13.5%, 5.7%, 4.8%, and 0.6 % of the total variance in the ANS variables. The twelve 

dimensional ASR variables of interest were entered into a similar discriminant analysis 

and 6 discriminant functions resulted accounting for 57.8%, 21.3%, 11.6%, 5.6%, 3.4%, 

0.4 % of the total variance in self reported affect. 

Implications of results from Pattern Classification Analysis 

 The results of pattern classification analysis and discriminant analysis of on both 

self-report and autonomic response variables expressed during emotion induction 

provides clear replication of previous research (Christie & Friedman, 2004; Nyklicek et 

al., 1997) and evidence for the autonomic specificity of emotion. 

Comparison of Music and Film Induction Techniques 
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 The most informative means to compare across music and film emotion 

inductions techniques is via hit rates from pattern classification analysis. An initial 

component of this study was to monitor both self-report and autonomic responses to 

music and film within the same sample to allow for the best possible conditions for 

comparisons. 

 Pattern classification using ANS variables revealed that 36.73 % of observations 

were correctly classified into the predicted emotion conditions during music stimuli 

whereas 40.81 % of observations were correctly classified during film induction. As 

depicted in the diagonals of Tables 8 and 10, Classification hit rates for individual 

emotion conditions ranged from 20.40 % to 59.20 %. The overall classification hit rate, 

indicating overall classification success, was statistically greater than chance for both 

music induction (z = 11.58, p < .01) and film induction (z = 13.68, p < .01).  Tables 9 and 

11 summarize the tests for significance from pattern classification using physiology 

variables.  

 Pattern classification using dimensional ASR variables revealed overall 

classification hit rates of 55.07 % for music induction whereas film induction resulted in 

an overall hit rate of 63.10 %. Individual emotion condition hit rates ranging from 29.20 

% to 81.30 % for music induction and 27.10 % to 85.40 % for film induction (Tables 12 

and 14). Overall hit rates were statistically greater than chance (music induction: z = 

20.79, p < .001; film induction: z = 24.89, p < .001. These results are summarized in 

tables 13 and 15. 
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Implications of results comparing Music and Film Induction 

 Based upon the hit rates from pattern classification analysis of self-report and 

ANS variables during music induction alone or film induction alone there is a noticeable 

difference between the inductions. Film induction results in greater levels of correct 

classifications than does music induction using the same autonomic variables and the 

same dimensional affective self-report items. These results highlight some of the 

aforementioned differences between film and music induction techniques. Future 

investigations of music and film emotion induction should consider investigating more 

components of each technique allowing for parsing of common and contrasting features. 

Cluster Analysis using ANS variables 

 Previous research has employed hierarchical clustering using a squared Euclidean 

definition of distance with Ward’s linking method for forming clusters, and an 

understanding of underlying physiological mechanisms represented by the autonomic 

variables to determine how many clusters best suit the data (Allen, et al, 1991).  This 

particular clustering process begins with the same number of clusters as there are cases 

then a step wise method procedure combines a given case or cluster with another at each 

step to form one less cluster than the previous step. The objective of Ward’s method is to 

find, at each stage, those two clusters whose merger gives the minimum increase in the 

total within group sum of squares (Garson, n.d.). This approach mirrors an ANOVA and 

is preferred by many researchers for this reason. 

 A point is reached where clusters that are not similar are combined by this 

method. When this occurs there is a rapid increase in the within group sum of squares as 

seen in the agglomeration schedule; graphically depicted in a dendrogram.  This upswing 
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in the within group error determines the appropriate number of clusters, the number of 

clusters determined just prior to this upswing is considered the “natural” grouping 

scheme (Hair, et al, 1995).  Thus, if the “natural” number of clusters across the emotion 

conditions are greater than the number demonstrated by Allen et al. (1991) then the 

groups are not based on the underlying adrenergic mechanisms previously described. The 

existence of less clusters than demonstrated or a single cluster would indicate that the 

stimulus response stereotypy is more powerful than the individual differences which exist 

in the experience of emotions.  

 The agglomeration schedule and the dendrograms from the cluster analysis for 

each emotion condition using the same autonomic variables used in previous research 

(Allen et al., 1991) reveal no dramatic change in the within group sum of squares. The 

overall outcome of these analyses indicate the existence of one major cluster into which 

the majority of subjects naturally fit with regard to physiological response patterns 

representing sympathetic and parasympathetic activity during experiences of emotion. 

The results of a hierarchical clustering on each of the emotion conditions are presented in 

Tables 16-22. 

 As can be seen across all of the emotion conditions the majority of cases exist 

with a single cluster with one or two cases forming the three other clusters. Based on the 

hierarchical clustering the natural formation is one large cluster. These results do not 

conform to those of previous research from cardiovascular stress literature (Allen et al., 

1991) but in the greater context of psychophysiological studies of emotion these results 

which emphasize the commonality of cases and reveals a lack of heterogeneous response 

fits well with the autonomic specificity of emotion. 
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General Discussion 

 What is an Emotion? Are emotions natural kinds? These are the questions which 

researchers in affective science are familiar with for they cut to the core of how emotions 

are conceptualized and studied. Without these questions and the heuristics which have 

come about to discuss and describe emotions research could not advance. Emotion would 

continue to be an unapproachable gestalt without any measurable means of approach. But 

it is reductionism whether it be in the descriptors used to express emotional experience in 

terms of positive and negative experience and/or increased or decrease level of energy 

(valence and/or activation). These two components not only relate to conscious 

experience of emotion categories but can be seen in the physiology accompanying basic 

emotion experiences. 

Implications of results from Multivariate Analyses 

 Univariate approaches to emotion as discussed in meta-analytic reviews 

(Cacioppo et al., 2000) reveal only weak effect size for physiological arousal with regard 

to emotion experience. But more appropriate analytic techniques incorporating the 

patterns of autonomic activity as well as dimensional self-report have been demonstrated 

(Nyklicek et al., 1997), independently replicated (Christie & Friedman, 2004), and the 

present study is a third independent replication of these results. 

Implications of results from Cluster Analyses 

 Based on previous research and the theoretical principle of individual response 

specificity it was hypothesized that emotion elicitation over a wide variety of emotion 

should allow for clustering of individuals (responders) based on their IR specific emotion 

responses.  The cluster analysis results of this study indicate that emotion experience 
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consists of a predominant stereotypic response pattern which is another form of support 

for specific autonomic patterns of emotion. 

 This is an important contribution to the literature as this is a novel approach to the 

question of autonomic specificity of emotion and is worthy of further investigation. 

Cluster analysis is a multivariate technique whose primary purpose is to identify similar 

entities based on shared characteristics (Hair, et al, 1995).   This multivariate approach 

can be used to form homogenous groups of either variables or cases. Thus, it is well 

suited for forming clusters of individuals (cases). 

 The results of this study provide new and interesting insight into the nature and 

experience of emotions but one must consider these results carefully. The previous 

research cited focused completely on experiments using “stress” induction techniques 

(Allen et al., 1991; Lacey, et al, 1953). The results of the cluster analyses indicate that 

physiological responses to stressful inductions may be different from emotional 

inductions. 

 Finally, and most importantly, the absence of distinct clusters implies that IRS 

does not operate within SRS for emotions specifically.  As seen in previous work (Allen 

et al., 1991) distinct clusters of individuals were found based on individual tendency such 

as: extreme beta-adrenergic response patterns, extreme alpha-adrenergic response 

patterns, or relatively nonreactive response patterns.  The clustering of individuals in to a 

single large cluster indicates that emotional responses are wholly distinct SRS patterns 

(Christie & Friedman, 2004; Nyklicek et al, 1997) without IRS effects simultaneously 

occuring. In conclusion no individual response specificity across a wide range of 

emotions indicates that SRS is more robust with regard to emotional states. 
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 What is the bottom line? Ultimately, the pattern classification and discriminant 

analyses replication previous findings which support the autonomic specificity 

assumption. Furthermore, the novel results from cluster analysis strengthen the case for 

emotions as natural kinds indicating that individuals do not have heterogeneous responses 

to emotion categories. Thus the underlying connection between the basic emotions of 

amusement, anger, contentment, fear, sadness, and surprise is the physiology, the 

perception of which is the emotion. 
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APPENDIX A 
 
HEALTH STATUS QUESTIONNAIRE 
 
It is necessary for us to obtain a very brief medical history in order to determine if you 
are eligible for participation in the second part of the study. It is very important that you 
be completely honest. This screening information will be kept strictly confidential. 
 
1. What is your age, sex, height, and weight? 
Age: _____ years 
Sex: ___Male  ___Female 
Height: _____ feet _____ inches 
Weight: _____ pounds 
 
2. Since birth, have you ever been hospitalization or had any medical problems? 
Yes □  No □ 
If Yes, please explain: 
 
3. Have you ever experienced a concussion or lost consciousness due to a blow to the 
head? 
Yes □  No □ 
If Yes, please explain: 
 
4. Have you ever had problems that required you to see a counselor, psychologist, or 
psychiatrist? 
Yes □  No □ 
If Yes, please explain: 
 
5. Do you currently have or have you ever had a hearing problem? 
Yes □  No □ 
If Yes, please explain: 
 
6. Do you currently have or have you ever had any of the following? 
Check Yes or No: 
 
Yes □  No □ Strong reaction to cold weather 
Yes □  No □ Circulatory problems 
Yes □  No □ Tissue disease 
Yes □  No □ Skin disorders (other than facial acne) 
Yes □  No □ Arthritis 
Yes □  No □ Asthma 
Yes □  No □ Lung problems 
Yes □  No □ Cardiovascular disorder/disease 
Yes □  No □ Diabetes 
Yes □  No □ Hypoglycemia 
Yes □  No □ Hypertension 
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Yes □  No □ Low blood pressure 
Yes □  No □ High blood pressure 
Yes □  No □ Hepatitis   
Yes □  No □ Neurological problems 
Yes □  No □ Epilepsy or seizures 
Yes □  No □ Brain disorder 
Yes □  No □ Stroke 
 
If you have checked Yes to any of the above conditions, please explain: 
 
7. Have you ever been diagnosed as having: 
 
Yes □  No □ Learning deficiency or disorder 
Yes □  No □ Reading deficiency or disorder 
Yes □  No □ Attention deficit disorder 
Yes □  No □ Attention deficit hyperactivity disorder 
 
8. Do you have: 
 
Yes □  No □ Claustrophobia (extreme fear of small closed spaces) 
Yes □  No □ Blood phobia (extreme fear of needles or blood) 
 
9. List any over-the-counter or prescription medications you are currently taking: 
 
10. Do you have or have you ever had any other medical conditions that you can think 
of? 
If Yes, please explain: 
 
11. Do you use tobacco products of any kind? 
Yes □  No □ 
If Yes, what kind? 
If Yes, when was the last time? 
 
12. What is your average daily caffeine consumption (approximate number of 
cups/glasses of coffee, tea, or caffeinated soda)? 
 
13. When is last time you had a caffeinated beverage? 
 
14. What is your average weekly alcohol consumption (approximate number of alcoholic 
beverages)? 
 
15. When is the last time you had an alcoholic beverage? 
 
 



 

APPENDIX B 
 
BECK DEPRESSION INVENTORY 
 
[The Beck Depression Inventory, p. 61-64, was removed Oct. 3, 2011  GMc] 
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APPENDIX C 
 
TWENTY-ITEM ALEXITHYMIA SCALE 
 
Using the scale provided as a guide, indicate how much you agree or disagree with each 
of the following statements by checking the corresponding number. Give only one 
answer for each statement. 
 
1. I am often confused about what emotion I am feeling. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
2. It is difficult for me to find the right words for my feelings. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
3. I have physical sensations that even doctors don't understand. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
4. I am able to describe my feelings easily. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
5. I prefer to analyze problems rather than just describe them. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
6. When I am upset, I don't know if I am sad, frightened, or angry. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
7. I am often puzzled by sensations in my body. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
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8. I prefer to just let things happen rather than to understand why they turned out that 
way. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
9. I have feelings that I can't quite identify. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
10. Being in touch with emotions is essential. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
11. I find it hard to describe how I feel about people. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
12. People tell me to describe my feelings more. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
13. I don't know what's going on inside me. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
14. I often don't know why I am angry. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
15. I prefer talking to people about their daily activities rather than their feelings. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
16. I prefer to watch "light' entertainment shows rather than psychological dramas. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree
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17. It is difficult for me to reveal my innermost feelings, even to close friends. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
18. I can feel close to someone, even in moments of silence. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
19. I find examination of my feelings useful in solving personal problems. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree 
 
20. Looking for hidden meanings in movies or plays distracts from their enjoyment. 
1  2  3   4  5 
Strongly Moderately Neither Disagree Moderately Strongly 
Disagree Disagree Nor Agree  Agree  Agree
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APPENDIX D 
 
MUSIC PREFERENCE SCALE 
 
1. Are you a university music major or minor? Yes □  No □ 
2. Have you ever been a professional musician? Yes □  No □ 
3. Number of years of instrumental or vocal music lessons, either private or group 

within the past 5 years: 0 □  1 □  2 □  3 □  more than 3 □   
4. Type of lessons: Piano □  Voice □  Other Instrument □ 
5. Number of years of music theory classes and/or years of private tutoring in music 

theory with in the past 5 years: 0 □  1 □  2 □  3 □  more than 3 □   
6. Age at which you started singing or playing an instrument: ___ years 
7. Have/do you participate in musical organizations (e.g. band, choir, or orchestra in 

elementary, middle, high school, or community): Yes □  No □ 
8. Number of years as a musical performer within the past 5 years: 0 □  1 □  2 □  3 □  

more than 3 □   
9. Rate your own general level of under standing of music: I don’t understand anything 

about music □  I understand very little about music □  I understand some aspects of 
music □  I understand most aspects of music □  I understand almost all aspects of 
music □   

10.  How important has music been in your life in the past 3 years? not at all □  1 □  2 □  
3 □  extremely □   

11. On the average, how many hours per day do you actually spend listening to music? 0 
□  1-2 □  3-4 □  5-8 □  9 or more □   

12. How much time would you refer to be able to spend listening to music? 0 □  1-2 □  3-
4 □  5-8 □  9 or more □   

13. What is your usual level of involvement when you listen to music? □  background 
only □  1 □  2 □  3 □  total concentration □   

14. How many musical events (concerts, recitals, clubs etc., of all types) have you 
attended in the past 12 months? □  0 □  1-3 □  4-6 □  7-9 □  10 or more □   

15. Do you own a personal mp3 player (e.g. ipod, etc.)? Yes □  No □ 
 

Instructions: For questions 16-83, please indicate your basic preference level for the 
following categories of music by using these responses: 
 
 1 = dislike 
 2 = indifferent, neither like or dislike, or not familiar 
 3 = like slightly 
 4 = like moderately 
 5 = like very much 
 
Note: The artist examples are given solely to help you identify the category, so please 
rate the category, not the artists. 
 
Rock 
16. Rock music in general 
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17. Rock and roll (Buddy Holly) 
18. Acid rock (Jimmy Hendrix) 
19. Heavy metal (Iron Butterfly, Led Zeppelin) 
20. Surfer (Beach Boys, Weezer) 
21. Jazz-rock (Chicago, Dave Matthews Band) 
22. Pop rock (Death Cab for Cutie, Fall Out Boy, Foo Fighters) 
23. Punk rock (Sid Viscious) 
24. New wave (Cars, Blondie) 
25. Mainstream (Godsmack, Red Hot Chili Peppers, Pearl Jam) 
 

Classical 
26. Classical music in general 
27. Baroque (Back) 
28. Classical (Mozart, Beethoven) 
29. Romantic (Tchaikovsky, Schubert, Schumann) 
30. Impressionistic (Debussy) 
31. Neoclassical (Stravinsky, Chopin) 
32. Contemporary (Bernstein, Ives) 
 
Electronic 
33. Electronic music in general 
34. Ambient (Buddha Bar, Biosphere, Coil, Steve Roach) 
35. Drum & Bass (DJ Icey, Baby Anne) 
36. Jungle (Dieselboy, Dara) 
37. House (Fatboy Slim, Moby) 
38. Trance (Paul Oakenfold, DJ Sasha) 
 
Jazz 
39. Jazz in general 
40. Dixieland (Preservation Hall Jazz Band) 
41. Big band/Swing (Glenn Miller, Duke Ellington) 
42. Bebop (Charlie Parker) 
43. Progressive jazz (Miles Davis, Herbie Hancock) 
44. West coast style (Buddy Rich, Don Ellis) 
45. East coast style (Urbie Green, Grover Washington) 
46. Big band jazz/pop (Maynard Ferguson, Lou Rawls) 
 
Hip-Hop/Rap/R&B/Adult Rhythm & Blues/Soul 
47. Hip-Hop/Rap/R&B or Adult Rhythm & Blues or Soul in general 
48. Hip-Hop (Kanye West, Common, Blackstar, Blackalicious, The Roots) 
49. Rap (N.W.A., Jay-Z, OutKast, Lil’ Jon & The Eastside Boyz, Ying-Yang Twins 
50. R&B (Alicia Keys, Beyonce, Mary J. Blige) 
51. Adult Rhythm & Blues (Manhattans, James Brown) 
52. Soul-rock (Stevie Wonder, Earth, Wind & Fire) 
53. Gospel (Aretha Franklin) 
54. Modern style (Teddy Pendergrass, Stephanie Mills, The Jacksons, Diana Ross) 
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55. Soul-jazz style (Pointer Sisters) 
 
Popular 
56. Top 40 popular music in general 
57. Top 40 vocal music (James Blunt, Kelly Clarkson, Daniel Powter) 
58. Top 40 jazz-oriented (Steely Dan, The Doobie Brothers) 
59. Disco music in general (Donna Summer, Fantasy, Shalamar, Lipps Inc.) 
60. Easy listening music in general 
61. Easy listening – vocal (Perry Como, Frank Sinatra) 
62. Easy listening – instrumental (1001 Strings) 
 
Country & western 
63. Country & western music in general 
64. Classic country style (Dolly Parton, Waylon Jennings, George Jones, Hank Williams 

Jr) 
65. Modern country style (Alan Jackson, Tim McGraw, Carrie Underwood) 
66. Country-rock style (The Charlie Daniels Band, Toby Keith, Willie Nelson, Johnny 

Cash) 
67. Gospel style (The Oak Ridge Boys, The Statler Bros.) 
68. Country-folk style (Emmylou Harris, Hoyt Axton) 
 
Folk 
69. Folk music in general 
70. American folk music (Joan Baez, Bob Dylan, The Limeliters) 
71. Bluegrass (Nickel Creek, The Carter Family, Bill Monroe & The Bluegrass Boys) 
72. Folk music from other cultures (Vicki Carr) 
 
International/Ethnic 
73. Latin (Andrea Bocelli, Rocio Durcal) 
74. Other 
 
Religious 
75. Religious music in general 
76. Gospel (Andre Crouch, Gospel Quartet) 
77. Hymns 
78. Modern (Casting Crowns, MercyMe, Third Day) 
 
Broadway, Movie and TV soundtracks 
79. Broadway, movie and TV soundtrack music in general 
80. Broadway musicals (Oklahoma, A Chorus Line, Beatlemania) 
81. Musicals and Movie Soundtracks (Chicago, Gladiator, Grease, Lord of the Rings, 

Star Wars) 
82. Television show soundtracks and themes 
83. If you had to choose one of the following components of music as the one which most 

influences your preferences, which one would it be? 
A. Rhythm 
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B. Melody 
C. Harmony 
D. Sound of instruments 
E. General loudness level  
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APPENDIX E 
 
AFFECT SELF-REPORT SCALE 
 
Circle the number on the scale that best describes how you felt during the music clip / 
film clip that you were just presented. If the word does not at all describe how you felt 
during the clip, circle 1. If the word very accurately describes how you felt, circle 7, or an 
intermediate amount, circle 3, etc. 
 
Amused 1 2 3 4 5 6 7 
Fearful 1 2 3 4 5 6 7 
Neutral 1 2 3 4 5 6 7 
Angry 1 2 3 4 5 6 7 
Sad 1 2 3 4 5 6 7 
Indifferent 1 2 3 4 5 6 7 
Surprised 1 2 3 4 5 6 7 
Content 1 2 3 4 5 6 7 
Good 1 2 3 4 5 6 7 
Calm 1 2 3 4 5 6 7 
Unpleasant 1 2 3 4 5 6 7 
Passive 1 2 3 4 5 6 7 
Excited 1 2 3 4 5 6 7 
Negative 1 2 3 4 5 6 7 
Relaxed 1 2 3 4 5 6 7 
Active 1 2 3 4 5 6 7 
Positive 1 2 3 4 5 6 7 
Agitated 1 2 3 4 5 6 7 
Bad 1 2 3 4 5 6 7 
Pleasant 1 2 3 4 5 6 7 
 
Rate the intensity of what you felt? 1 2 3 4 5 6 7 
 
Were you familiar with this clip? Yes or No 
 
How much did you like this clip? 1 2 3 4 5 6 7 
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APPENDIX F 
 
INFORMED CONSENT 
 
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 
Informed Consent for Subjects in Research Projects Involving Human Subjects 
Title of Project: Autonomic Differentiation of Emotions: A Cluster Analysis Approach 
Investigator: Chad L. Stephens, Dr. Bruce H. Friedman 
I. Purpose of this Research: The purpose of this research is to examine autonomic nervous system (ANS) 
activity and emotional states in response to affective music and film clip stimuli. 
Approximately 50 male and female college students will be recruited for participation in the study. 
II. Procedures: The study exists in two phases. Individuals participating in the first stage may or may not 
be invited to participate in the second stage. The first phase of the study is an online screening process that 
consists health history screening, a depression inventory, an alexithymia scale and a music preference 
scale; this phase should take less than one hour to complete. Only nonsmoking, individuals without major 
medical problems will be included in the study. 
Subjects in the second phase of the study will be administered a neuropsychological evaluation. During 
phase two, subjects will fill out additional emotionality questionnaires. Subjects will then respond to an 
affective self-report questionnaire while listening to music clips and viewing film clips that have been 
established to elicit specific emotions. 
Physiological measures will be taken during the viewing of the film clips. Six thoracic electrodes 
will be placed on the subject by a gender-matched research assistant to measure autonomic cardiovascular 
activity during emotion elicitation. Additionally, blood pressure will be measured by an automated blood 
pressure cuff throughout the viewing of the clips. The second stage of the study will take between two to 
two and a half hours to complete and will be carried out in a behavioral research lab on campus. 
III. Risks: The risks of this study are minimal. At times the removal of the disposable electrodes results in 
irritation or redness of the skin. The film clips used will be meant to elicit emotion, but their content will 
not be graphic or particularly disturbing. 
IV. Benefits of this Project: Taking part in this study will contribute to the general scientific knowledge 
regarding the relationship between personality traits and emotional states, emotion elicitation, and 
cardiovascular activity. Subjects may request further information regarding the study’s findings by giving 
the experimenter an email address or other contact information. 
V. Extent of Anonymity and Confidentiality: Any information acquired by questionnaire or 
physiological recording will be kept strictly confidential and will be accessed only by trained research 
personnel. Subjects will be identified only by means of an assigned number during subsequent analysis and 
written reports. A participant’s indication of intent to harm others or themselves obligates the researcher to 
break confidentiality and notify the appropriate agency. 
VI. Compensation: Subjects will receive one point of extra credit for their participation in the online 
screening. Those who participate in the second stage of the study will receive an additional one point of 
extra credit. Availability of extra credit for a given course is dependent upon their instructor’s permission. 
VII. Freedom to Withdraw: Subjects may withdraw from the study at any time without penalty. If a 
participant chooses to withdraw, he/she will be compensated for the portion of time spent taking part in the 
study. 
VIII. Approval of Research: This research project is pending by the Department of Psychology’s Human 
Subjects Committee and by the Institutional Review Board for Research Involving Human Subjects at 
Virginia Tech. 
IX. Participant's Responsibilities: I voluntarily agree to participate in this study and agree to take part in 
the procedures described above. 
X. Subjects Permission: I have read and understand the Informed Consent and conditions of this project. I 
have had all my questions answered. I hereby acknowledge the above and give my voluntary consent: 
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_______________________ _______________________ __________ 
Name (please PRINT clearly) Signature   Date 
 
Should I have any questions about this research or its conduct, I may contact: 
Chad L. Stephens, Main Investigator, Department of Psychology 231-3630 
cstephens@vt.edu 
Dr. Bruce H. Friedman, Principal Investigator, Department of Psychology 231-9611 
bhfriedm@vt.edu 
Dr. David W. Harrison, HSC Chair, Department of Psychology 231-4422 
dwh@vt.edu 
Dr. Robert Stephens, Chair, Department of Psychology 231-6304 
stephens@vt.edu 
Dr. David Moore, Chair IRB 231-4991 
 

mailto:cstephens@vt.edu
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APPENDIX G 
 
SUBJECT INSTRUCTIONS 
 
The purpose of this study is to investigate the changes that occur in a number of 
physiological variables while people listen to music clips and watch film clips with 
different emotional content. When you are listening to music clips and watching the film 
clips, you should try to sit as still as possible; simply sit comfortably with your feet flat 
on the floor. Following each music clip / film clip you will fill out a short questionnaire, 
similar to the one you completed earlier, describing how you felt as you listened to music 
clips / watched the film. For this reason, you should pay close attention not only to the 
music clip / film clip, but also to any emotions that you might experience as you watch it. 
Just before each music clip / film clip begins there will be a short rest period. During this 
time you’ll listen to a “white noise” music clips and watch a generic film clip and then 
spend a few minutes sitting quietly with your eyes closed. While you do both of these 
things, try to clear your mind of all thoughts, feelings, and memories and just sit 
comfortably with your feet flat on the floor. The researcher will let you know when the 
music clips and film clips are about to begin. 
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APPENDIX H 
 
MEMORY FOR MUSICAL TONES AND MELODIES INSTRUCTIONS 
 
 This task should be described in the following manner.  “You will now hear 30 
pairs of very brief musical melodies.  A short group of tones will be heard and then 
approximately two seconds later another group will be heard.  Your task is to compare 
them quickly and to tell me whether they are the ‘Same’ or ‘Different’.  Your comparison 
should not be based on the number of tones in the groups, but on whether the tones in the 
two melodies are the same or different.  You will now hear three examples.  They will 
not be scored.  Tell me whether they are the ‘Same’ or ‘Different’.”  The subject should 
be encouraged to make his comparison and respond quickly, because very little time is 
permitted between pairs of melodies. 
 The examiner should now play the three practice pairs of tones and ask the subject 
to indicate whether the second is the same or is different from the first.  During these 
three practice trials, the examiner should indicate whether the subject’s responses were 
correct or incorrect.  If the subject appears not to understand the nature of the task, 
another brief explanation can be provided.  A second playing of the practice pairs is 
permitted, but not a third. 
 The examiner should then proceed with the 30 pairs of tones and mark each of the 
subject’s responses with a “S,” “D,” or “-“ if no response is given.  The examiner should 
record the subject’s responses so that the subject is free to concentrate on comparing the 
pairs of tones.  Should the subject fail to respond to a pair, the examiner should score this 
as an error.  After each pair, the examiner may prompt the subject for a response by an 
appropriate gesture.  Regardless of the correctness of the subject’s responses, the tape 
should be continued without interruption.  The examiner may continue to urge the subject 
to indicate whether the tonal sequences are the same or different.  The spacing of items 
does not permit enough time for a verbal inquiry, but the examiner may convey his 
expectation that a response should be made at the end of each pair by a suitable facial 
expression or other gesture.  Nodding of the head should be avoided because this may 
convey the idea that “yes” means “Same,” and “no” means “Different.”  If a subject 
makes a long response such as “I believe that it was a little bit different,” he should be 
encouraged to respond with the single words “Same” or “Different.”  Some subjects will 
respond by saying “Yes” or “No” or nodding positively or negatively and leave it to the 
examiner to record the response as “Same” or “Different.”  While this requires additional 
effort for the examiner to make the necessary translation, such responses are acceptable.  
Failure to give any form of acceptable response to a pair after the 30 pairs have been 
initiated is scored as an error.  Each correct response should be scored as a “1” and each 
error should be scored as a “0.”  Each failure to respond is scored “0.”  The maximum 
score is 30. 
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Figure Caption 
Figure 1. Factor Analysis: the position of the two selected music clips (from music 
selection stage) in the rotated factor space based on their factor scores. The selected 
music pieces are shown Amusement 1 = Bizet, Suite Carmen (Les Toureadors), 2 = 
Codolban & Nikitka (Romanian Folksong); Contentment 3 = Bizet, Suite Carmen 
(Intermezzo), 4 = Dvorak (9th Symphony); Sad 5 = Chopin (Marche Funebre), 6 = 
Mansell, Requiem for a Dream (Marion Barfs); Surprise 7 = Bartok (Concerto for two 
pianos), 8 = Harlan, Eyes Wide Shut (Ricercata); Fear 9 = Penderecki (Threnody for the 
Victims of Hiroshima), 10 = Zimmer, Crimson Tide (Alabama); Anger 11 = Penderecki 
(Threnody for the Victims of Hiroshima), 12 = Mansell, Requiem for a Dream (Southern 
Hospitality).
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Table 1 
Means, Standard Errors and Test of Significance of Discrete ASR Variables for Each 
Emotion Condition 
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Table 2 
Means, Standard Errors and Test of Significance of Dimensional ASR Variables for Each 
Emotion Condition 



 81

Table 3 
Factor loadings for selected music pieces based on ASR variables. 

Emotion F1 F2 

Amusement 0.22 0.35

Anger -0.57 0.39

Contentment 0.36 -0.16

Fear -0.43 0.12

Sad -0.44 -0.34

Surprise -0.39 -0.09
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Table 4 
Pattern classification matrix using ANS variables 
Actual 
emotion  Predicted emotion condition         Total
condition amu ang con fea neu sad sur   
amu 22 3 2 5 5 4 8 49
  44.90 6.10 4.10 10.20 10.20 8.20 16.30 100.00
ang 3 18 4 5 3 6 10 49
  6.10 36.70 8.20 10.20 6.10 12.20 20.40 100.00
con 4 2 22 3 0 7 11 49
  8.20 4.10 44.90 6.10 0.00 14.30 22.40 100.00
fea 6 4 4 21 5 3 6 49
  12.20 8.20 8.20 42.90 10.20 6.10 12.20 100.00
neu 4 2 4 4 22 4 9 49
  8.20 4.10 8.20 8.20 44.90 8.20 18.40 100.00
sad 5 8 2 6 3 17 8 49
  10.20 16.30 4.10 12.20 6.10 34.70 16.30 100.00
sur 2 5 8 4 1 0 29 49
  4.10 10.20 16.30 8.20 2.00 0.00 59.20 100.00
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Table 5 
Significance test for classification using ANS Variables 
Music N Observed Expected Z P
amu 49 22 7.00 6.12 <.01
ang 49 18 7.00 4.49 <.01
con 49 22 7.00 6.12 <.01
fea 49 21 7.00 5.72 <.01
neu 49 22 7.00 6.12 <.01
sad 49 17 7.00 4.08 <.01
sur 49 29 7.00 8.98 <.01
      
overall 504 151 49 15.34 <.01
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Table 6 
Pattern classification matrix using dimensional ASR variables 
Actual 
emotion  Predicted emotion condition         Total 
condition amu ang con fea neu sad sur   
amu 34 0 11 0 1 0 2 48
  70.80 0.00 22.90 0.00 2.10 0.00 4.20 100.00
ang 0 28 1 7 1 3 8 48
  0.00 58.30 2.10 14.60 2.10 6.30 16.70 100.00
con 6 0 37 0 3 0 2 48
  12.50 0.00 77.10 0.00 6.30 0.00 4.20 100.00
fea 2 11 2 17 3 2 11 48
  4.20 22.90 4.20 35.40 6.30 4.20 22.90 100.00
neu 0 3 8 1 27 1 8 48
  0.00 6.30 16.70 2.10 56.30 2.10 16.70 100.00
sad 0 4 4 2 5 29 4 48
  0.00 8.30 8.30 4.20 10.40 60.40 8.30 100.00
sur 2 3 4 8 3 4 24 48
  4.20 6.30 8.30 16.70 6.30 8.30 50.00 100.00
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Table 7 
Significance test for classification using ASR Variables 
Music N Observed Expected Z P
amu 48 34 6.86 11.20 <.01
ang 48 28 6.86 8.72 <.01
con 48 37 6.86 12.43 <.01
fea 48 17 6.86 4.18 <.01
neu 48 27 6.86 8.31 <.01
sad 48 29 6.86 9.13 <.01
sur 48 24 6.86 7.07 <.01
      
overall 504 196 48 22.46 <.01
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Table 8 
Pattern classification matrix using ANS variables during music induction only 

Actual 
emotion  Predicted emotion condition         Total

condition amu ang con fea neu sad sur   
amu 19 2 6 3 3 6 10 49
  38.80 4.10 12.20 6.10 6.10 12.20 20.40 100.00
ang 6 18 5 3 1 8 8 49
  12.20 36.70 10.20 6.10 2.00 16.30 16.30 100.00
con 8 1 18 7 0 8 7 49
  16.30 2.00 36.70 14.30 0.00 16.30 14.30 100.00
fea 3 3 5 13 12 6 7 49
  6.10 6.10 10.20 26.50 24.50 12.20 14.30 100.00
neu 6 1 2 5 22 5 8 49
  12.20 2.00 4.10 10.20 44.90 10.20 16.30 100.00
sad 8 3 8 3 2 15 10 49
  16.30 6.10 16.30 6.10 4.10 30.60 20.40 100.00
sur 8 2 6 4 5 3 21 49
  16.30 4.10 12.20 8.20 10.20 6.10 42.90 100.00
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Table 9 
Significance test for classification using ANS Variables 
Music N Observed Expected Z P
amu 49 19 7.00 4.90 <.01
ang 49 18 7.00 4.49 <.01
con 49 18 7.00 4.49 <.01
fea 49 13 7.00 2.45 <.02
neu 49 22 7.00 6.12 <.01
sad 49 15 7.00 3.27 <.01
sur 49 21 7.00 5.72 <.01
      
overall 504 126 49 11.58 <.01
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Table 10 
Pattern classification matrix using ANS variables during film induction only 

Actual 
emotion  Predicted emotion condition         Total

condition amu ang con fea neu sad sur   
amu 21 8 1 3 6 5 5 49
  42.90 16.30 2.00 6.10 12.20 10.20 10.20 100.00
ang 7 14 2 7 7 6 6 49
  14.30 28.60 4.10 14.30 14.30 12.20 12.20 100.00
con 7 0 25 2 4 2 9 49
  14.30 0.00 51.00 4.10 8.20 4.10 18.40 100.00
fea 10 4 3 10 8 4 10 49
  20.40 8.20 6.10 20.40 16.30 8.20 20.40 100.00
neu 6 4 1 5 23 1 9 49
  12.20 8.20 2.00 10.20 46.90 2.00 18.40 100.00
sad 6 5 3 5 5 18 7 49
  12.20 10.20 6.10 10.20 10.20 36.70 14.30 100.00
sur 2 3 6 4 2 3 29 49
  4.10 6.10 12.20 8.20 4.10 6.10 59.20 100.00
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Table 11 
Significance test for classification using ANS Variables 
Music N Observed Expected Z P
amu 49 21 7.00 5.72 <.01
ang 49 14 7.00 2.86 <.01
con 49 25 7.00 7.35 <.01
fea 49 10 7.00 1.22 0.22
neu 49 23 7.00 6.53 <.01
sad 49 18 7.00 4.49 <.01
sur 49 29 7.00 8.98 <.01
      
overall 504 140 49 13.68 <.01
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Table 12 
Pattern classification matrix using ASR variables during music induction only 

Actual 
emotion  Predicted emotion condition         Total

condition amu ang con fea neu sad sur   
amu 37 1 5 2 0 2 1 48
  77.10 2.10 10.40 4.20 0.00 4.20 2.10 100.00
ang 3 14 3 9 2 4 13 48
  6.30 29.20 6.30 18.80 4.20 8.30 27.10 100.00
con 4 3 34 0 0 4 3 48
  8.30 6.30 70.80 0.00 0.00 8.30 6.30 100.00
fea 1 10 1 21 4 3 8 48
  2.10 20.80 2.10 43.80 8.30 6.30 16.70 100.00
neu 0 2 0 4 39 1 2 48
  0.00 4.20 0.00 8.30 81.30 2.10 4.20 100.00
sad 0 4 11 2 3 18 10 48
  0.00 8.30 22.90 4.20 6.30 37.50 20.80 100.00
sur 2 6 4 8 0 6 22 48
  4.20 12.50 8.30 16.70 0.00 12.50 45.80 100.00
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Table 13 
Significance test for classification using ASR Variables 
Music N Observed Expected Z P
amu 48 37 6.86 12.43 <.01
ang 48 14 6.86 2.95 <.05
con 48 34 6.86 11.20 <.01
fea 48 21 6.86 5.83 <.01
neu 48 39 6.86 13.26 <.01
sad 48 18 6.86 4.60 <.01
sur 48 22 6.86 6.25 <.01
      
overall 504 185 48 20.79 <.01



 92

Table 14 
Pattern classification matrix using ASR variables during film induction only 

Actual 
emotion  Predicted emotion condition         Total

condition amu ang con fea neu sad sur   
amu 41 0 3 0 0 0 4 48
  85.40 0.00 6.30 0.00 0.00 0.00 8.30 100.00
ang 1 34 3 7 0 3 0 48
  2.10 70.80 6.30 14.60 0.00 6.30 0.00 100.00
con 3 1 36 1 0 0 7 48
  6.30 2.10 75.00 2.10 0.00 0.00 14.60 100.00
fea 4 9 6 13 1 4 11 48
  8.30 18.80 12.50 27.10 2.10 8.30 22.90 100.00
neu 2 0 1 2 33 2 8 48
  4.20 0.00 2.10 4.20 68.80 4.20 16.70 100.00
sad 0 7 2 4 1 29 5 48
  0.00 14.60 4.20 8.30 2.10 60.40 10.40 100.00
sur 2 2 6 8 1 3 26 48
  4.20 4.20 12.50 16.70 2.10 6.30 54.20 100.00
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Table 15 
Significance test for classification using ASR Variables 
Music N Observed Expected Z P
amu 48 41 6.86 14.08 <.01
ang 48 34 6.86 11.20 <.01
con 48 36 6.86 12.02 <.01
fea 48 13 6.86 2.53 <.05
neu 48 33 6.86 10.78 <.01
sad 48 29 6.86 9.13 <.01
sur 48 26 6.86 7.90 <.01
      
overall 504 212 48 24.89 <.01
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Table 16 
Means and Standard Deviations of Cluster Groups for Physiological Change Scores 
during Amusement Induction. 
 
    Cluster 1 Cluster 2 Cluster 3 Cluster 4 Overall 
    (n = 45) (n = 2) (n = 1) (n = 1) (n = 49) 
Heart Rate (bpm) Mean -3.8 2.4 -1.7 1.2 -3.4
 StdDev 3.6 1.3 . . 3.7
PEP (ms) Mean -0.1 -2.5 0.7 0.0 -0.2
 StdDev 0.1 0.8 . . 0.5
Stroke Volume (% 
change) Mean 1.7 2.0 28.5 11.0 2.5
 StdDev 4.5 9.0 . . 6.0
TPR (% change) Mean -3.0 -6.4 20.4 -5.9 -2.7
 StdDev 12.5 1.2 . . 12.4
SBP (mmHg) Mean 0.0 -0.5 -12.8 -0.3 -0.3
 StdDev 0.3 0.2 . . 1.8
DBP (mmHg) Mean 0.0 -0.5 -12.8 -0.3 -0.3
 StdDev 0.3 0.2 . . 1.8
RSA (log power) Mean 3.5 -11.6 33.6 117.4 5.9
  StdDev 22.9 30.9 . . 28.2
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Table 17 
Means and Standard Deviations of Cluster Groups for Physiological Change Scores 
during Anger Induction. 
 
  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Overall 
    (n = 1) (n = 46) (n = 1) (n = 1) (n = 49) 
Heart Rate (bpm) Mean -12.9 -4.0 -4.0 0.8 -4.0
 StdDev . 4.7 . . 4.8
PEP (ms) Mean 17.6 -1.4 5.8 12.8 -0.6
 StdDev . 6.1 . . 6.8
Stroke Volume (% 
change) Mean -1.8 -0.2 -2.8 0.5 -0.3
 StdDev . 0.4 . . 0.6
TPR (% change) Mean 0.4 0.0 0.3 -5.1 0.0
 StdDev . 0.2 . . 0.8
SBP (mmHg) Mean -8.4 -1.7 30.7 -8.5 -1.3
 StdDev . 11.2 . . 11.8
DBP (mmHg) Mean -10.8 -1.9 13.7 -3.8 -1.8
 StdDev . 9.8 . . 9.9
RSA (log power) Mean -91.6 -6.1 -34.7 -6.8 -8.4
  StdDev . 24.7 . . 27.2
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Table 18 
Means and Standard Deviations of Cluster Groups for Physiological Change Scores 
during Contentment Induction. 
 
  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Overall 
    (n = 46) (n = 1) (n = 1) (n = 1) (n = 49) 
Heart Rate (bpm) Mean -2.1 2.6 -2.8 -2.9 -2.1
 StdDev 2.5 . . . 2.5
PEP (ms) Mean -0.2 -16.3 2.3 -2.1 -0.5
 StdDev 4.0 . . . 4.6
Stroke Volume (% 
change) Mean -0.2 -2.2 -0.2 0.0 -0.2
 StdDev 0.3 . . . 0.4
TPR (% change) Mean -0.2 -31.4 -0.3 -0.3 -0.8
 StdDev 0.4 . . . 4.5
SBP (mmHg) Mean -1.2 15.3 -64.1 -17.0 -2.5
 StdDev 9.2 . . . 13.1
DBP (mmHg) Mean -0.1 1.3 -35.5 -36.3 -1.5
 StdDev 6.7 . . . 9.7
RSA (log power) Mean -3.0 -33.1 -6.1 18.6 -3.2
  StdDev 14.8 . . . 15.3
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Table 19 
Means and Standard Deviations of Cluster Groups for Physiological Change Scores 
during Fear Induction. 
 
  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Overall 
    (n = 44) (n = 1) (n = 1) (n = 3) (n = 49) 
Heart Rate (bpm) Mean -3.7 -7.0 1.1 -1.5 -3.6
 StdDev 3.3 . . 2.8 3.3
PEP (ms) Mean 0.6 -8.2 51.7 7.4 1.9
 StdDev 5.7 . . 7.7 9.4
Stroke Volume (% 
change) Mean -0.1 -1.9 0.2 0.2 -0.1
 StdDev 0.1 . . 0.2 0.3
TPR (% change) Mean 0.0 0.0 0.1 -2.0 -0.1
 StdDev 0.2 . . 0.2 0.5
SBP (mmHg) Mean -3.7 -3.0 21.9 -5.8 -3.3
 StdDev 13.8 . . 4.0 13.6
DBP (mmHg) Mean -2.7 -5.5 9.2 -2.8 -2.5
 StdDev 11.2 . . 1.8 10.7
RSA (log power) Mean -7.9 0.2 -46.2 34.9 -5.9
  StdDev 23.6 . . 30.9 26.1
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Table 20 
Means and Standard Deviations of Cluster Groups for Physiological Change Scores 
during Neutral Induction. 
 
  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Overall 
    (n = 46) (n = 1) (n = 1) (n = 1) (n = 49) 
Heart Rate (bpm) Mean -3.7 -9.0 -13.6 -12.0 -4.2
 StdDev 4.5 . . . 4.8
PEP (ms) Mean 6.2 114.2 8.3 30.3 8.9
 StdDev 11.3 . . . 19.2
Stroke Volume (% 
change) Mean -0.1 -1.2 0.3 -2.6 -0.1
 StdDev 0.2 . . . 0.4
TPR (% change) Mean 0.0 0.1 -3.5 0.7 -0.1
 StdDev 0.4 . . . 0.6
SBP (mmHg) Mean -2.1 25.7 0.7 -11.5 -1.7
 StdDev 12.4 . . . 12.7
DBP (mmHg) Mean -2.9 10.7 -6.8 -6.5 -2.8
 StdDev 10.5 . . . 10.4
RSA (log power) Mean 8.6 -22.7 44.5 15.5 8.9
  StdDev 43.0 . . . 42.2
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Table 21 
Means and Standard Deviations of Cluster Groups for Physiological Change Scores 
during Sadness Induction. 
 
  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Overall 
    (n = 1) (n = 46) (n = 1) (n = 1) (n = 49) 
Heart Rate (bpm) Mean -5.6 -4.4 -0.3 -5.7 -4.4
 StdDev . 3.3 . . 3.3
PEP (ms) Mean -7.2 -0.2 -1.1 2.1 -0.3
 StdDev . 7.3 . . 7.1
Stroke Volume (% 
change) Mean -18.1 -0.2 -0.3 -0.2 -0.6
 StdDev . 0.3 . . 2.6
TPR (% change) Mean 0.6 0.1 -1.4 -0.2 0.0
 StdDev . 0.2 . . 0.3
SBP (mmHg) Mean 25.7 -1.6 -5.3 -72.3 -2.6
 StdDev . 11.3 . . 15.4
DBP (mmHg) Mean 4.7 -1.0 -8.8 -33.5 -1.7
 StdDev . 6.8 . . 8.2
RSA (log power) Mean -14.2 -5.5 -15.7 14.1 -5.5
  StdDev . 19.9 . . 19.5
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Table 22 
Means and Standard Deviations of Cluster Groups for Physiological Change Scores 
during Surprise Induction. 
 
  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Overall 
    (n = 45) (n = 1) (n = 2) (n = 1) (n = 49) 
Heart Rate (bpm) Mean -1.3 -5.1 0.1 2.9 -1.2
 StdDev 3.4 . 3.9 . 3.4
PEP (ms) Mean -0.1 18.5 -2.1 -1.2 0.2
 StdDev 4.6 . 3.4 . 5.2
Stroke Volume (% 
change) Mean -0.1 -0.4 0.0 -1.9 -0.2
 StdDev 0.3 . 0.1 . 0.4
TPR (% change) Mean 0.0 0.2 -0.5 -1.8 0.0
 StdDev 0.2 . 0.1 . 0.3
SBP (mmHg) Mean -2.0 -5.9 -35.6 -9.0 -3.6
 StdDev 11.6 . 14.0 . 13.1
DBP (mmHg) Mean 0.2 -10.3 -37.4 -7.6 -1.7
 StdDev 7.6 . 8.3 . 10.6
RSA (log power) Mean -0.7 -86.8 -8.7 20.0 -2.3
  StdDev 18.4 . 49.2 . 22.9
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