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ABSTRACT 

This study was designed to assess the relationship between facial expression, self-

reported emotional experience, and psychophysiological measures of emotion-related 

action tendencies. A secondary goal was to provide information regarding the relationship 

between psychophysiological action tendencies and cognitive functioning. Participants 

included normal elderly controls and individuals with Parkinson's disease (PD), a disorder 

associated with impaired involuntary facial expression and executive functioning. To 

assess whether decreased involuntary facial expression might alter the experience, action-

tendency, or autonomic physiologic components of emotion, responses to emotion-

eliciting slides were measured. Consistent with previous studies, increased corrugator 

EMG activity to negative slides and increased zygomatic EMG activity to positive slides 

were observed among controls. Individuals with PD were divided into two groups ~ 

"responders" and "non-responders" ~ based on facial EMG activity. "Responders" had a 

pattern of facial EMG consistent with controls, while "non-responders" were absent of 

significant involuntary facial emotion expression. Despite these differences in facial EMG 

activity, no group differences were observed on other measures of emotion components. 

Thus, compared to positive or neutral slides, negative slides elicited greater self-reported 

ratings of unpleasantness among control participants and both groups of PD participants. 

Across both groups, average startle responses were significantly smaller for positive 

compared to neutral, but not negative, slides. No significant effects of slide type on heart 

rate or SCR were observed in the primary analyses for any group. Regarding the second 
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aim, analyses were conducted to assess the relationship between psychophysiological 

emotion measures and executive functioning. Several significant correlations were 

observed, but they were not consistent with a prior hypotheses. Implications of findings 

fi-om these self-report, psychophysiological, and cognitive data for the study of emotion 

are discussed. 



INTRODUCTION 

A number of theorists and researchers have proposed that facial feedback is an 

important component of emotional experience (e.g., Tomkins, 1962, 1963; Gellhom, 

1964). From this broad perspective, three general hypotheses have been derived that seek 

to specify the nature of this relationship (Tourangeau & Ellsworth, 1979). The first 

hypothesis is that facial expression is a necessary component of the experience of emotion. 

The second proposes that facial expression is sufficient to produce the subjective 

experience of emotion. The third submits that intensifying facial expression in a manner 

congruent with an emotion-eliciting stimulus will intensify the subjective emotional 

experience. Research examining facial expressions in relation to subjective experience has 

supported at least a correlational relationship between facial activation and emotion, and 

studies using facial manipulation paradigms also provide some support for the 

"sufficiency" hypothesis of facial feedback. 

Although these two lines of research have been informative, questions remain 

regarding which, if any, of these hypotheses best explains the role of facial expression in 

emotion. The present study further assesses the merits of two of these competing 

hypotheses by examining the responses of a patient group with impaired involuntary facial 

expression (individuals with Parkinson's disease) to emotion-eliciting slides, using both 

physiological and self-report indices of emotional reactions. If facial feedback is not 

necessary for emotions, no difference in the experience or other non-expressive 

components of emotion between individuals with normal expressiveness and individuals 
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with reduced facial expression would be expected. Conversely, if facial activity serves to 

intensify emotions, then individuals with decreased facial expression would be expected to 

show decreased emotional responses. Before introducing the present study in greater 

detail, the following will be reviewed briefly: (1) research and theory pertaining to the 

development and assessment of the Facial Feedbacic Hypothesis, (2) the rationale for 

studying individuals with Parkinson's disease, and (3) the rationale for using the specific 

physiological measures employed in this research. 

Development of the Facial Feedback Hypothesis 

The role of bodily responses in the subjective experience of emotion has been a 

source of debate dating back to the late 19"* century. Attempting to explain conscious 

feelings, William James (1922) hypothesized that the perception of changes in somatic and 

visceral experiences in response to stimuli leads to the subjective experience of emotion. 

A similar emphasis on visceral responses was the basis of Lange's theories (Lange & 

James, 1922); he proposed that cardiovascular changes themselves constitute the 

experience of emotion. Cannon, an opponent of the James-Lange theory, argued against 

the primacy of visceral responses in the experience of emotion based on several lines of 

evidence (Caimoa, 1927). Specifically, he proposed that visceral feedback is too general 

to discriminate between affective states, and that the latency of these responses fi'om 

stimulus onset is greater than the latency of the emotional experience. He also pointed to 

evidence fi'om animal studies showing that emotional responses occurred in the absence of 

visceral feedback and that, conversely, chemically induced visceral changes did not cause 



emotions. In contrast with the James-Lange emphasis on visceral feedback. Cannon 

proposed that cerebral thalamic activity was central to felt emotions. He believed that 

visceral changes, which reflected the body's preparation for a "fight or flight" response, 

served to remove inhibitory effects of the motor cortex on the thalamus. The activation of 

the thalamus itself was thought to directly cause the subjective experience of emotion. 

In developing the Facial Feedback Hypothesis, Tomkins (1962, 1963) also 

emphasized the relevance of feedback in the subjective experience of emotion, but he 

identified the face rather than the viscera as the most important source. Tomkins 

proposed that the human face is uniquely equipped to provide feedback contributing to 

emotional experiences because it can express afifect more rapidly and with more 

complexity than visceral organs. This assertion of an innate role for facial expressions 

appeared consistent with findings fi-om cross-cultural studies, which identified a set of 

"basic emotions" associated with identifiable alterations in facial expression (Ekman, 

Sorenson, & Friesen, 1969; Ekman & Friesen, 1971). According to Tomkins' Facial 

Feedback Hypothesis (FFH), a stimulus excites an innate subcortical program, which then 

activates motor and glandular functioning primarily in the face. These facial responses in 

turn provide sensory feedback to the brain, which leads to the subjective experience of 

emotion. Although his initial writings focused on the importance of feedback fi-om facial 

muscles, Tomkins later suggested that cutaneous receptors in the skin which change 

position in response to facial muscle activity may be the primary providers of facial 

feedback regarding emotion (Tomkins, 1980). 
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Since Tomkins' development of the FFH, several modifications have been 

suggested. Gellhom (1964) proposed that both general and specific feedback result in felt 

emotions. The body was thought to provide general feedback via proprioceptive 

information fi-om postural changes that alter hypothalamic fiinctioning, while the face was 

identified as a source of more emotion-specific feedback through the facial muscles and 

cutaneous receptors. In an attempt to delineate the mechanisms by which facial feedback 

impacts emotion, Izard (1971) proposed that experience of emotion results fi-om activity 

in cortical and subcortical structures in addition to the hypothalamus. Specifically, it was 

suggested that stimuli evoke subcortical activation, which results in a global affect 

disposition (positive or negative). The hypothalamus then signals facial muscles, whose 

subsequent activity provides feedback to unspecified cortical and subcortical structures, 

resulting in the subjective experience of emotion. Despite differences in hypothesized 

mechanisms of action, each of these modifications of the FFH identifies facial activation as 

a critical component of the experience of emotion. 

Research on the Facial Feedback Hvpothesis 

Facial Expressiveness and Emotion-Eliciting Conditions. Early tests of the FFH 

provided evidence for a correlation between facial expression and emotionally salient 

conditions. Tourangeau and Ellsworth (1979) videotaped facial responses of participants 

while they watched emotionally laden films. Trained observers identified more fearful 

expressions while participants were watching films with fear-relevant content, although no 

significant changes were observed in facial expression during sad or neutral films. Despite 



the limited effects on facial expression, all films impacted self-reported emotions in the 

expected manner. Although this led the authors to suggest that facial feedback may not be 

necessary for subjective felt emotion, subsequent research using more sophisticated 

techniques of measuring facial expression did support the FFH. For example, Ekman and 

colleagues (Ekman, Friesen, & Ancoli, 1980) quantified participants' facial reaaions to 

films using the Facial Action Coding system (Ekman & Friesen, 1978), a more refined 

technique for coding emotional expression, and reported a significant relationship between 

facial expression and film type. Specifically, consistent with participants' self-reports of 

emotional experience, their facial expressions were coded as showing greater happiness to 

positive films and greater disgust to negative films. Also in support of a relationship 

between facial expression and a£fect, Vaughan and Lanzetta (1983) found increased facial 

expressions resembling pain when participants watched trials in which a confederate 

reacted to shocks compared to non-shock trials. 

The development of the psychophysiological measure of electromyographic 

(EMG) activity fiirther improved researchers' ability to study minute changes in facial 

action. The primary muscle groups of interest include the corrugator supercilii, which knit 

the brow as when "fi-owning", and the zygomaticus major, which pull the lip comers up 

and back as when "smiling" (Fridlund & Cacioppo, 1986). Studies using imagery as well 

as emotion-eliciting stimuli have provided evidence supporting the relationship between 

subjective repons of emotions and facial EMG activity. Schwartz and colleagues have 

found that participants asked to imagine emotion-laden situations (e.g., happy, sad, and 
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angry) show facial activation patterns consistent with their reported experiences of 

emotion, as reflected by increased zygomatic artivity during happy scenes and increased 

corrugator activity during sad scenes (e.g.. Brown & Schwartz, 1980). These findings 

have since been replicated in studies by other labs using directed imagery (Witvliet & 

Vrana, 1995), and in studies asking participants to try to feel certain emotions, such as 

anger, sadness, or happiness (Hess, Kappas, McHugo, Lanzetta, & Kleck, 1992). Studies 

that present stimuli designed to elicit positive and negative emotions, such as happy and 

angry faces (e.g., Dimberg, 1982), have found increased zygomatic activity to positively-

valenced stimuli and increased corrugator to negatively-valenced stimuli. In addition, 

across a number of studies in which participants viewed emotion-laden slides, greater self-

reported negative affect has been correlated with increased corrugator aaivity, and 

increased zygomatic activity has been correlated with self-reported feelings of pleasantness 

(e.g., Cacioppo, Petty, Losch, & Kim, 1986; Dimberg, 1987; Sutton, Davidson, Donzella, 

Irwin, & Dottl, 1997). 

In addition to the use of visual stimuli and imagery, at least two studies have 

indicated that auditory stimuli are also effective in eliciting EMG responses. One recent 

study (Hietanen, Surakka, & Linnankoski, 1998) found that listening to pre-recorded 

verbal expressions of anger was associated with increased corrugator activity while 

hearing expressions of contentment was associated with increased orbicularis activity. An 

earlier study (Wexler, Warrenburg, Schwartz, & Janer, 1992) also found a relationship 

between auditory stimuli and facial EMG changes. This research utilized a dichotic 



listening paradigm in which different words were presented simultaneously to each ear. In 

each case, a neutral word was presented with either a positive, negative or neutral word 

that varied by only one consonant phoneme. After each presentation, participants 

identified which of the two words they heard, so that target words were identified as 

processed either consciously or non-consciously. As was predicted, greater corrugator 

activity was observed in response to the consciously processed negative words compared 

to the positive or neutral words. Interestingly, increased corrugator was also observed to 

negative words that were presented but were not processed consciously. This finding 

provides evidence for sensitivity of the affect response system and for validity of the EMG 

measures used to detect subtle changes in this system. 

Facial Manipulation Studies: More Direct Tests of the FFH. Although studies 

reporting correlations between self-reported emotion and facial EMG provide some 

support for a link between facial expression and subjective experience, they are unable to 

establish whether changes in facial expression cause emotion. Thus, a more direct test of 

the FFH has come from several studies that have looked at the effect of manipulating 

facial muscle activity. In a series of experiments (Lanzetta, Cartwright-Smith, & Kleck, 

1976), participants were given baseline shocks and were then asked to either hide or show 

expressions of fear for the subsequent shocks. Those individuals who "hid" their fear 

evidenced lower arousal levels, as measured by skin conductance response. The authors 

interpreted this as evidence that decreased facial expression resulted in a decrease in felt 

emotion. A later study used both imagery and facial muscle manipulation techniques 
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(Ekman, Levenson, & Friesen, 1983). Self-report data regarding subjeaive emotional 

experiences were collected for the imagery tasks only, and subsequent analyses of the 

imagery task included only those trials in which participants reported experiencing the 

target emotion. Across both tasks, the data revealed increased heart rate to anger and fear 

compared to happiness conditions and increased finger temperature to anger compared to 

happiness conditions. The authors concluded contracting facial muscles into "universal 

emotion signals" (pg. 1210) resulted in emotion-specific autonomic changes. Results fi-om 

this study were later compared to data collected using a similar paradigm with elderly 

Individuals (Levenson, Carstensen, Friesen, & Ekman, 1991). Elderly individuals 

evidenced similar relationships between these autonomic measures and positive and 

negative emotion eliciting tasks. However, the authors noted that the magnitude of heart 

rate change was much less for the elderly compared to the younger subjects. 

Several limitations must be considered in interpreting the above studies as evidence 

that facial muscle activity augments emotional experience (e.g., Lanzetta et al., 1976), or 

that manipulating facial expression in the absence of other stimuli is sufBcient to produce 

changes in emotion (e.g., Ekman et al., 1983). One concern is that participants may have 

been aware that contracting facial muscles as they did resulted m an emotion-related 

expression, since it is possible that the conscious awareness of emotion-related facial 

expressions impacts experience. Strack, Martin, and Stepper (1988) attempted to address 

this concern. They devised an innovative protocol in which subjects were given a cover 

story and were asked to hold a pen in their lips only (making a fi-own) or with their teeth 
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only (making a smile) and to complete a series of tasks, including rating the funniness of a 

cartoon. Participants rated cartoons as more fiinny when their facial muscles were in the 

configuration of a smile compared to a frown, suggesting that facial muscle activity 

affected the emotion response. A drawback of this study, however, is that it did not 

address whether facial activation in the absence of an emotion-eliciting stimulus is 

sufiBcient to create an emotional response. A second limitation concerns studies that have 

focused on physiological measures of emotional response. Although the measures of 

autonomic functioning used in these studies are thought to reflect changes in emotion, the 

addition of self-report ratings would be necessary to support the authors' conclusions 

about participants' subjective emotional experience. 

Facial Expression: Evidence Against the "Necessity" Hypothesis. Despite such 

limitations, findings from studies using facial manipulation paradigms are at least 

consistent with the theory of a direct relationship between subjective experience and facial 

expression. However, several other studies have failed to support such a relationship. For 

example, in Tourangeau and Ellsworth's study (1979), participants were given directions 

to contract facial muscles in a manner consistent or inconsistent with emotional 

expressions while watching films. The data revealed no significant relationship between 

manipulated facial expression and intensity of self-reported emotional experience. The 

authors interpreted this as evidence that facial expression is neither necessary nor sufficient 

for subjective experiences of emotion. However, one problem with this study is that their 



measure of facial expression (i.e., trained raters' observations) may not have been sensitive 

enough to detect small changes in expression that may have occurred. 

Data from two studies of voluntary changes in facial expression were also 

interpreted as not supporting the FFH (McCaul, Holmes, & Solomon, 1982). In these 

studies, increased psychophysiological arousal was observed when participants configured 

their facial muscles in a maimer consistent with fear or happiness compared to when their 

expressions were consistent with feeling calm or "normal." From these data, the authors 

concluded that arousal levels were related to the amount of effort required to make those 

faces and not to subjectively experienced positive or negative emotion. 

In fact, despite a few studies on the efifects of facial manipulations, a majority of 

available studies provide support for a correlational but not causal relationship between 

facial expression and the experience of emotion. For example, Hess and colleagues (Hess 

et al., 1992) found that increased emotion-congruent facial expressiveness was correlated 

with increased subjective emotional experience. Other studies have reported similar 

findings (e.g., Strack et al., 1988; Vaughan & Lanzetta, 1981). In research by Levenson 

and colleagues (1991), decreased facial expressiveness in elderly individuals was 

associated with decreased subjective reports of felt emotion and diminished changes in 

autonomic activity. In addition, elderly individuals reported less emotion and displayed 

less prototypical facial expressions (based on FAC) when asked to manipulate facial 

muscles. This correlation between magnitude of facial expression and self-reported 

emotion can be interpreted as supporting the hypothesis that facial action contributes to 



the experience of emotion. In fact, the body of research reviewed above appears to most 

consistently support the "intensity" hypothesis, which proposes that facial aaivation 

intensifies but is not a necessary component of the experience of emotion. 

What Can We Learn from Individuals with Parkinson's Disease? 

Two techniques used in FFH research have been described thus far (i.e., assessing 

the co-occurrence of emotion and facial activation in response to emotion-eliciting stimuli, 

and measuring emotion-related responses to facial manipulations). A third technique, 

studying individuals with altered facial expressiveness, derives from the FFH's prediction 

that impaired involuntary facial expression ought to impact the subjective experience of 

emotion. Individuals with Parldnson's disease (PD) evidence decreased involuntary facial 

expressions (also known as "masked facies") as a result of extrapyramidal system 

impairment. In addition to masked facies, PD is characterized by motor symptoms 

including tremor, stiffiiess, akinesia, slowness, and equilibrium disturbances (Kolb & 

Wishaw, 1996). Neuroanatomically, the presence of intraneuronal Lewy bodies is 

considered to be a hallmark of PD. Among individuals with PD, these lesions have been 

identified in the autonomic nervous system, including the hypothalamus, the salivatory and 

dorsal vagal nuclei, and the interomediolateral columns of the spinal cord; and in the basal 

ganglia, which include the substantia nigra, locus ceruleus, nucleus basalis, and thalamus. 

These identified neuroanatomical changes are also associated with neurochemical 

alterations, which may be directly related to the motor symptoms of PD. Specifically, 

Lewy bodies in subcortical regions are associated with a degeneration of melatonin-



producing neurons in the substantia nigra, a region that contains neurons utilizing the 

neurotransmitter dopamine. The resulting change in dopaminergic neurotransmitter 

artivity has potentially far-reaching effects, for fibers originating in the substantia nigra 

and utilizing dopamine at their synapses travel to the fi'ontal lobes, to structures of the 

basal ganglia, and to the spinal cord. 

Although voluntary facial movement is typically intact in individuals with PD, 

impaired involuntary facial expression is a fi-equently observed symptom. This 

dissociation can occur because there are separate neural pathways that control voluntary 

and involuntary facial expressions. Specifically, voluntary facial expressions begin at the 

cortical motor strip (pre-Rolandic gyrus) and travel to the facial nucleus through the 

corticobulbar projections of the pyramidal traa. In contrast, activation of the 

extrapyramidal tract, which includes the basal ganglia, is responsible for involuntary facial 

expressions (Rinn, 1984). Studies of patients with cortical facial motor area injuries and 

pseudobulbar palsy provide evidence for dissociation between voluntary and involuntary 

facial muscle activity. These individuals show impairment in voluntary facial 

expressiveness only, in contrast to individuals with extrapyramidal system lesions, who 

display decreased involuntary facial expressiveness despite intact voluntary facial muscle 

activity. 

Several studies have provided evidence for decreased involuntary facial 

expressiveness to emotion-laden stimuli among individuals with PD. In one study (Buck 

& Duffy, 1980), individuals with PD reportedly showed diminished facial expressiveness 



despite self-reported positive or negative emotional responses to stimuli. A dissociation 

between voluntary and involuntary facial expression was reported among a small number 

of individuals with PD in a study by Brozgold (1988). Individuals with PD exhibited more 

facial expression in voluntary posed conditions compared to spontaneous conditions, in 

contrast with normal controls, who displayed equivalent expressiveness across conditions. 

Further evidence for decreased involuntary facial activity in PD was reported in two 

studies in which facial expressiveness was coded by trained observers and subjective 

responses to cartoons were reported (Katsikitis & Pilowsky, 1988, 1991). In both studies, 

individuals with PD smiled less than normal controls, despite comparable ratings of 

cartoon "funniness". In a study by Smith and colleagues, individuals with PD displayed 

less facial expression during emotion-eliciting films than did normal controls, although 

there were no group differences in ratings of subjective emotional experience (Smith, 

Smith, & Ellgring, 1996). Another study involved recording facial EMG activity while 

individuals with PD and age-matched controls viewed a series of affect-laden slides 

(Daiby, 1994). There were no group differences in ratings of subjective experiences of 

emotion during viewing of the slides. However, significantly less EMG activity was 

observed among PD participants, particularly in the zygomatic region. These studies 

provided evidence against the "necessity" proposal of the FFH, because individuals with 

PD reported expected changes in emotional experience despite decreased involuntary 

facial expression. 



These findings of decreased involuntary facial expression in PD are consistent with 

the predicted effects of extrapyramidal tract degeneration associated with the disease. 

Interestingly, some studies have also found a decrease in voluntary facial expression 

among individuals with PD. In one study (Borod et al., 1989), several patient groups, 

including individuals with PD, were asked to deliberately form emotion-relevant facial 

expressions. Compared to control participants, individuals with PD evidenced identifiable 

but less intense voluntary facial expressions. Another study (Madeley, Ellis, & Mindham, 

199S) reported that the intended emotions in posed facial expressions were more difBcult 

to identify among individuals with PD than normal controls. The authors concluded that 

this provided evidenced of decreased facial expressiveness in PD. 

The fact that the decreased facial expression observed in PD was not associated 

with changes self-reported subjective ratings of emotion compared to controls provides 

evidence inconsistent with the "intensity" hypothesis of the FFH, because these data 

suggest that decreased facial expressiveness does not impact the subjective experience of 

emotion. One critique of these studies, however, is that they relied on self-report as the 

only index of their emotion response. Although this is an important component to 

understanding participants' experiences, self-report data are also subject to other 

influences, including expectancy effects. One way to address this potential confound is to 

use other measures of emotional responses which may be less susceptible to those 

potential influences on self-report data. Research to date supports the conclusion that 

several psychophysiological measures, including startle reflex potentiation and autonomic 
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indices, correspond to affective states and therefore can be used to further explore 

emotional responses. 

Psychophysiological Measures of Emotion 

The Startle Reflex as an Index of Emotion. In an effort to understand the 

subjective experience of emotion, some have proposed that emotions reflect an 

evolutionary-based continuum of appetitive—aversive predispositions and behaviors (e.g., 

Lang, 1995). Lang suggested that emotions are actually "states of readiness", driven by 

opposing subcortically based appetitive and aversive motivational systems, which mediate 

individuals' reactions to stimuli. According to Lang's theory, behavioral responses to 

stimuli are augmented or inhibited based on the congruence between the response and the 

motivational system that was primed. Thus, positive emotions such as happiness are 

expressed in terms of approach behaviors, while negative motions are manifest in 

avoidance behaviors. Physiologically, approach and avoidant responses are observed in 

human reflexes, which can also be conceptualized as either appetitive (e.g., salivary) or 

aversive (e.g., withdrawal from pain). 

One withdrawal reflex used in psychological research is the startle reflex eye blink, 

a response of the eye muscles (orbicularis oculi) to unexpected, aversive stimuli. It has 

been used as a measure of affect, based on findings that startle response magnitude is 

augmented in the presence of negative, but not positive or neutral, stimuli. Researchers 

have identified neuroanatomical correlates of the primary startle pathway and its 

associated affective modulation system. The primary pathway of the acoustic startle reflex 
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begins with auditory information processing in the ventral cochlear nucleus. From there, a 

signal travels to the ventral nucleus of the lateral lemniscus, to the nucleus reticularis 

pontis caudalis, and then to the spinal cord (Davis, Gendelman, Tischler, & Gendehnan, 

1982). A modulatory system, believed to account for observations of startle potentiation 

to fear-producing stimuli, has also been identified. Specifically, researchers have found 

that a substantial number of projections fi-om the medial portion of the central nucleus of 

the amygdala are received by the reticularis pontis caudalis, a critical location in the startle 

pathway (Rosen, Hitchcock, Sananes, Miserendino, & Davis, 1991). The authors 

concluded that emotion modulation of the startle response is represented 

neuroanatomically by a direct pathway fi-om the amygdala to the reticularis pontis 

caudalis. 

These conclusions were further supported by another study (Hitchcock & Davis, 

1991), in which lesions of the efferent pathway of the amygdala were induced in rat brains. 

The experimenters found that interruptions of the pathway fi-om the central nucleus of the 

amygdala to the primary startle circuit interfered with the fear-potentiated startle response. 

Interestingly, a chemical (6-hydroxydopamine) lesion of the substantia nigra further 

specified the region critical to an intact response. This lesion, which destroyed the 

dopamine-containing cells of the pars compacta and pars lateralis, did not impair the fear-

potentiated startle response. The authors interpreted this finding as support for the role of 

the projections fibers, which were not damaged in this condition, rather than the "intrinsic 

neurons" of the substantia nigra pars compacta in the fear-modulated response. This 



finding has direct relevance for persons with PD, for the 6-hydroxydopamine lesions 

provide a chemical model of the damage to the nigrostriatal system typically observed in 

these individuals. Specifically, it suggests that the fear modulation system of the startle 

response may be intact in individuals with PD. 

Previous Research with the Startle Response. As mentioned above, studies of the 

startle eye blink reflex indicate that the response is differentially affected by positive and 

negative stimuli. In one of the first studies of the fear-potentiated startle reflex in humans 

(Vrana, Spence, & Lang, 1988), college students viewed pleasant, neutral, and unpleasant 

slides while startle responses were periodically elicited by white noise bursts. Greater 

average startle response magnitude was observed while participants were viewing 

unpleasant compared to pleasant or neutral slides. This finding of augmented startle 

responses to negatively valenced slides has been replicated in many subsequent studies 

(e.g., Bradley, Cuthbert, & Lang, 1988; Bradley, Cuthbert, & Lang, 1991; Cook, Davis, 

Hawk, Spence, & Gautier, 1992; Bradley, Lang, & Cuthbert, 1993). Potentiation of the 

startle reflex has also been reported when participants imagined negative compared to 

positive images (e.g., Vrana & Lang, 1990). In addition to replicating the pattern of 

increased startle to slides with negative valence ratings, more recent research has 

suggested that fear-potentiation of the startle response may be greater when slides with 

higher arousal ratings are used (Cuthbert, Bradley, & Lang, 1996). 

These findings in normal populations have led to an extension of the paradigm to 

look at approach-withdrawal responses in unique populations. For example, based on 



behavioral observations that psychopaths have abnormal emotional responding, the startle 

response paradigm has been used to measure avoidance behaviors with psychopathic 

populations. P.esults from one study (Patrick, Bradley, & Lang, 1993) revealed that 

although psychopaths reported changes in positive and negative afifect in response to 

slides, they did not evidence an augmented startle reflex to negative compared to positive 

slides. Consistent with the theory that the startle response might be an index of priming 

for withdrawal-related behaviors, the authors concluded that the deficient startle reflex 

might be an index of a failure of "an aversive affective state to prime aversion actions" (pg. 

91) in the psychopath. Another study reported that phobic individuals evidenced 

increased startle potentiation compared to non-phobic participants when viewing pictures 

of their feared objects (Hamm, Cuthbert, Globisch, & Vaitl, 1991). 

The acoustic startle response has also been assessed in individuals with PD, 

although no studies have been reported on the effects of manipulating the affective context 

prior to eliciting the reflex. Instead, research on the startle reflex among individuals with 

PD has looked at fundamental components of the startle response. One study indicated 

that, although the early component of the eye blink reflex among individuals with PD was 

unimpaired, increased latency in later components was observed (Kimura, 1973). 

Furthermore, following conditioning of the startle probe to a paired stimulus, the expected 

suppression of the late reflex was decreased in individuals with PD compared to normal 

controls. The results of this study were interpreted as evidence of a reduction in 

excitability at the intemeuronal level of the reflex pathway. These findings were replicated 



in a later study (Nakashima, Shimoyama, Yokoyama, & Takahashi, 1993); although the 

initial amplitudes and latencies of eye blink reflexes among the PD group were comparable 

to normal controls, habituation of the response following a conditioning paradigm did not 

occur. Nakashima and his colleagues suggested that this failure to suppress the startle 

reflex might be due to impaired functioning of the reticular formation and basal ganglia 

typically associated with PD. These studies suggest that the primary pathway of the 

acoustic startle response may be altered in PD, but they fail to provide any information 

suggestive of impairment in the hypothesized modulatory pathway. As described above, 

the animal study by Hitchcock and Davis (1991) suggests that lesions in the substantia 

nigra associated with PD may not impair the fear-potentiated startle response. 

Autonomic and EMG Activity as Measures of Emotion. In addition to the startle 

response, measures of autonomic functioning have also received attention as indices of 

emotional response. For example, several studies measuring heart rate changes in 

response to stimuli such as slides have reported findings of decreased heart rate during 

stimuli with negative compared to positive content (e.g., Winton, Putnam, & Krauss, 

1984; Bradley et al., 1988; Greenwald, Cook, & Lang, 1989; Bradley, Cuthbert, & Lang, 

1990; Lang et al., 1993; Bradley et al., 1993; Cuthbert et al., 1996). Although some 

studies using the slide-viewing paradigm have failed to find a relationship between heart 

rate and slide valence (e.g., Vrana et al., 1988), heart rate deceleration associated with 

negative slide content has been interpreted as representative of a state of readiness to 

respond to negative stimuli similar to the startle response (Bradley et al., 1993). 



Another measure of autonomic functioning that has been the focus of emotion 

research is the skin conductance response (SCR). Unlike heart rate, however, SCR has 

been found to correlate with measures of arousal rather than valence. For example, 

greater SCRs have been observed while participants are viewing slides rated as more 

arousing, including both positive and negative picture contents, compared to less arousing 

neutral slides (e.g., Bradley et al., 1988; Greenwald et al., 1989; Bradley et al., 1990; 

Greenwald et al., 1993; Lang et ai., 1993; Bradley et al., 1993; Cuthbert et al., 1996). 

Thus, SCR appears to be a useful measure that can provide information regarding the 

extent of emotional arousal experienced by an individual. 

Finally, as reviewed above, several studies have provided evidence pointing to a 

relationship between specific patterns of facial EMG and different affect-laden stimuli. 

Using facial EMG as an index of facial emotional responses, these studies have 

consistently found increased zygomatic activity to positive stimuli and increased 

corrugator activity to negative stimuli (e.g.. Brown & Schwartz, 1980; Lang, Greenwald, 

Bradley, & Hamm, 1993). Based on these findings, control participants in the present 

study ought to evidence a similar pattern of facial muscle activation to positive and 

negative stimuli. In contrast, research with PD suggests that involuntary facial 

expressiveness in response to slides might be impaired among at least some of these 

individuals. 

Linking the Experience of Emotion and Cognition 



A final question to be addressed by the present study is whether there is evidence 

for a functional link between emotion and cognitive functioning. Data fi'om studies of 

patients with brain damage suggest that the fi-ontal lobes may play a role in both areas of 

functioning. The role of the frontal lobes in emotion is supported by neuroanatomical 

evidence of connections between this region and limbic structures, including the amygdala. 

Specifically, cortical modulation of activity in the limbic system occurs via association 

fibers from the orbitofrontal cortex to the hypothalamus and to the limbic forebrain and 

midbrain (Angevine &. Cotman, 1981). In addition, studies on individuals with cerebral 

infarctions have suggested that the left and right frontal regions may be relatively 

specialized for positive and negative emotions respectively (e.g., Gainotti, 1972; 

Robinson, Kubos, Starr, Rao & Price, 1984; Astrom, Adolfsson, & Apslund, 1993). In 

addition, while some inconsistencies have been found (c.f, Reid, Duke, & Allen, 1998), 

studies using electroencephalography have found a relationship between depression and 

decreased activation in the left frontal region (Davidson, 1998). 

Research on the role of the frontal lobes in cognitive functioning suggests that 

compromised frontal lobes most typically result in difficulties in appropriate planning and 

guiding of behavior (Damasio & Anderson, 1993). A hypothetical model for the role of 

the frontal lobes in this aspect of cognitive functioning has been proposed (see Shallice & 

Burgess, 1991 for review). Specifically, the frontal lobes ostensibly function as a 

"Supervisory System" which is activated for planning, decision-making, error-correction, 

and for dealing with situations that are novel, potentially dangerous, or that require 



resisting a habitual response. Data from studies of patients has provided evidence that 

damage to the frontal lobes is associated with deficits on cognitive tasks thought to 

require these skills (see Kolb & Wishaw, 1996 for a review). 

In addition to these independent lines of work suggesting that emotion and some 

aspects of higher level cognitive functioning are dependent on intact frontal lobe 

functioning, a specific hypothesis outlining the interdependence of cognition and emotion 

has been proposed (Damasio, 1994). According to Damasio's "Somatic Marker 

Hypothesis", humans experience both primary and secondary emotions. Primary emotions 

are "preprogrammed" or innate responses, which include bodily sensations, to certain 

stimuli (e.g., pain felt during a heart attack). In contrast, secondary emotions occur as a 

result of connections between the primary emotion response and cognitive evaluations of 

the stimulus. While primary emotions are hypothetically controlled by neural mechanisms 

including the limbic system and the amygdala, secondary emotions ostensibly result from 

activation in the primary emotion system in combination with activity in the prefrontal 

cortices. Damasio proposed that cognitive processes such as decision-making occur at the 

level of secondary emotions, with assistance from somatic markers. Specifically, the 

bodily response resulting from primary emotions may serve as a "marker" which, when 

processed in concert with cognitive evaluations involving the prefrontal cortex, can 

significantly aid in decision-making. 

In an earlier review of this theory, Damasio and colleagues (1991) described a 

study in which individuals with frontal lobe damage and two control groups were shown 



slides, some of which contained images the researchers identified as "socially significant" 

(e.g., mutilations, nudity). Both normal controls and controls with brain damage not in 

the fi-ontal lobes evidenced increased SCRs to the target compared to the non-target 

slides. In contrast, SCRs among the participants with frontal damage failed to distinguish 

the target fi-om non-target slides. The authors interpreted this as evidence for the absence 

of a change in somatic state that, in intact individuals, would highlight the significance of 

the stimuli. 

Previous research has revealed impaired performances on measures of frontal lobe 

functioning, similar to those described by Damasio, among individuals with PD. For 

example, in one study (Bondi, Kaszniak, Bayles, & Vance, 1993), cognitive functioning 

among individuals with PD was assessed using measures of executive ("frontal lobe") 

flinctioning, learning and memory, and visuospatial/visuoconstructional abilities. While 

PD was associated with impairment on all measures, further analyses revealed that deficits 

in fi'ontal lobe functioning appeared to be accounting for the difficulties observed in other 

areas. Based on these findings, it was hypothesized that individuals with PD who evidence 

impaired emotional responses might also be more likely to have impaired executive 

functioning. Finding such a correlation would provide some preliminary support for the 

relationship between emotion and cognitive functioning described in Damasio's Somatic 

Marker Hypothesis. 

The Present Study 



The primary aim of the present research was to examine the relationship between 

facial expressiveness, subjective experience, and psychophysiological components of 

emotion, by assessing whether emotional responses to affect-laden slides are diminished 

among individuals with Parkinson's disease (PD) who evidence decreased involuntary 

facial expressiveness. Consistent with the FFH, it was hypothesized that PD participants 

evidencing decreased facial experience would report decreased emotional responses to 

emotion-eliciting slides compared to controls. It was also hypothesized that similar group 

differences would be observed in psychophysiological indices of emotion, including the 

eye blink startle response, skin conductance, and heart rate. A secondary aim, derived 

from theories of frontal lobe functioning, was to condua exploratory analyses assessing 

the relationship between measures of emotion and cognitive functioning. 
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METHODS 

Participants 

Twenty individuals with idiopathic Parkinson's disease and 20 healthy control 

subjects participated in the study. All participants were recruited from advertisements in 

the community and all agreed to volunteer their time for no monetary compensation. The 

groups were matched on the basis of age, education level, and mental status (see Table 1). 

All control participants were right-handed by self-report; 19 individuals with PD reported 

being right-handed and one was left-handed. The length of time since initially being 

diagnosed with PD ranged from 2-15 years (M = 7.86, SD = 3.82). 

Materials 

Informed consent was obtained from each participant at the start of the 

experiment, which consisted of two parts. The first part involved a brief psychological 

and neuropsychological screen, in which ail participants with PD and a portion of the 

controls (n=14) participated. The assessment began with administration of the Geriatric 

Depression Scale (Brink et al., 1982) and the Mini-Mental State Examination (MMSE) 

(Folstein, Folstein, & McHugh, 1975). All individuals were required to have a MMSE 

score of 26 or above, indicating the absence of dementia, to be included in the study. Also 

used were measures to estimate general intellectual funaioning (the Information subtest of 

the WAIS-R; Wechsler, 1981), and verbal memory (California Verbal Learning Test; 

Delis, Kramer, Kaplan, & Ober, 1987). Upper extremity motor speed and dexterity was 

assessed by the Grooved Pegboard task (Matthews & Klove, 1964). Word fluency to 
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semantic cues (i.e., the category "animals") and phonemic cues (i.e., the letters F, A, and 

S) was measured by performance on the Controlled Word Association test (COWAT) 

(Benton & Hamsher, 1989). Two measures of executive functioning were used: the 

Wisconsin Card Sorting Task (Berg, 1948; Grant & Berg, 1948), and the California 

Sorting Task (Delis, Squire, Bihrle, & Massman, 1992). In addition, the Hoehn and Yahr 

Clinical Disability Scale (Hoehn & Yahr, 1967) was completed for all participants with 

PD. 

The second part of the study consisted of viewing stimuli taken from the 

International Affective Picture System (lAPS), a set of color slides of pictures with 

varying content (Center for the Study of Emotion and Attention, 1999). These pictures 

have been rated along the dimensions of affective valence (pleasant-unpleasant) and 

arousal (calm-aroused); Lang and colleagues (1999) have reported normative data. Using 

ratings from this normative data, pictures corresponding to three levels of affective 

valence - positive, neutral, and negative — were selected. In addition, based on findings 

by Cuthbert and colleagues (1996) that fear modulation of the startle eye blink reflex 

appeared strongest for picture contents high in arousal ratings, an attempt was made to 

select positive and negative slides that also had high arousal ratings. Three sets of 18 

color slides were chosen; each set contained sbc positive, six neutral, and six negative 

slides presented in a random order. Each participant viewed only one of these three slide 



sets.' After viewing slides, participants were asked to rate their emotional experience 

during the slides along two dimensions, valence and arousal, using a Self-Assessment 

Manikin (SAM; Lang, 1980). The SAM was designed to allow subjects to report their 

subjective experiences during the slides while minimizing the effect language can have on 

rating emotionally arousing stimuli. The dimensions were represented by five figures and 

were ordinally scaled, with response options either below or between each of the figures, 

allowing for a rating of 1 to 9 on each dimension. A computerized version of the SAM 

was used in this experiment, whereby an electronic box depicting the same figures as the 

SAM was illuminated during the slide rating period, with buttons placed under each of the 

nine rating options for each dimension. 

Slide presentation was controlled by a computerized script with a three-second 

presentation of a blank screen preceding a six-second presentation of the stimulus. After 

the slide was presented, a blank screen was shown and subjects were prompted to make 

their subjective ratings. 

The acoustic startle stimulus consisted of a SOmsec burst of white noise with 

instantaneous rise time. The white noise probe was recorded and digitized onto an IBM 

286 PC for coordinated playback through an Optimus SA-155 Integrated Stereo 

1 

Because of technical difficulties, the 7 individuals (all Control participants) shown slide sets 
2 and 3 saw 6 positive, 4 neutral and 6 negative slides. No significant differences between 
slides sets were found in analyses of slide ratings, EMG activity, or startle response data (all 
Fs < 2.27, n.s.). 
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Amplifier. Startle probes were presented binaurally through Telephonies TDH-39P stereo 

headphones. Startle probe intensity was measured at 90 dB using a Bruel & Kjaer Type 

220V sound level meter. A startle probe was presented during five of the six trials for 

each slide type. To increase the unpredirtability of the startle probe presentation, probes 

were presented at variable times during the slide-viewing period (3, 4, or 5 seconds) and 

during interslide intervals. In addition to controlling the presentation of slides, a computer 

program simultaneously began the psychophysiological recording and advanced the slide 

projector. The viewing time prior to probe onset was counterbalanced across slide types. 

Physiological Recording and Data Reduction 

Electrophysiological data were recorded for three seconds before and six seconds 

during slide presentation. Electromyographic (EMG) activity was recorded at the left 

orbicularis, corrugator, and zygomaticus regions. Skin Conductance Responses (SCR) 

were recorded fi'om electrodes placed on the distal phalanges on the first and second 

fingers of each participant's non-dominant hand. Electrocardiogram (ECG) data was 

recorded from active leads placed on the right and left chest regions below the collarbone; 

a lead placed on the inner left arm below the elbow served as the ground. All channels 

were sampled on-line at 2000 Hz. 

After recording, EMG data were band-pass filtered over a range of 10 to 1000 Hz, 

rectified, and smoothed over a moving window of 10 data points for the orbicularis 

channel and 20 data points for the corrugator and zygomatic channels. Corrugator and 

zygomatic responses were defined as the mean activity level (in microvolts) during each of 



the first 5 seconds of slide presentation, resulting in 5 data points for each slide. The last 

Isec of EMG activity was not analyzed due to problems with artifact caused by the 

advancement of the slide carousel. Activation scores for the corrugator and zygomatic 

muscles were defined by subtracting the mean level of activation during 1 second prior to 

slide onset from the mean level of activation for each second during slide presentation. 

This change score transformation preserved the relationship among responses within 

participants while correcting for baseline differences in activation between participants. In 

addition, it also corrected for changes within participants over time which were not related 

to the phasic emotional response. 

Startle reflexes were defined as positive peak-to-peak orbicularis activity within a 

ISO msec time window after the startle probe was administered. If orbicularis activity in a 

given time window did not exceed resting baseline levels, orbicularis data from that slide 

was dropped from further analyses.^ For the startle response, the EMG data were 

standardized by computing z-scores for each participant relative to their own mean and 

standard deviation across all slides, yielding a uniform metric for all participants. 

SCR data were resampled off-line at 100 Hz and then smoothed over a moving 

window of 20 data points. SCR responses were identified as the largest peak-to-peak 

2 

The average number of startle responses not exceeding baseline did not differ between groups 
(PDR: M = 3.38(SD = 3.78); PDNR: M = 3.70(SD = 4.62); C: M = 1.95(SD = 2.89)), 
F(2,35) = .97, n.s. 



response beginning between 1-3 seconds following slide onset; all responses >.02 Kohms 

were included in analyses. SCR data were then transformed into z-scores by calculating 

the average of all responses for each participant and then computing z-scores for each 

response. The average of all z-scores for the three slide types for each individual were 

then used to compute group means. Finally, ECG responses were measured by 

identifying interbeat intervals during each of the first S seconds of slide presentation and 

then computing the corresponding beat-per-minute (BPM) value at each second. This 

resulted in 5 BPM values for each slide. These data were also z-transformed following the 

procedure outlined for SCR data. 

Procedure 

For the slide presentation portion of the study, participants were seated in a 

reclining chair, located in a temperature-controlled, dimly lit room. After explaining the 

techniques that would be used to record psychophysiological data, target muscle sites for 

EMG recording were prepared using standard cleaning procedures. Each site was 

cleansed with rubbing alcohol and then abraded with NuPrep sldn preparation gel, and 

BioPac Ag-AgCl 4mm surface electrodes were filled with Signa Gel electrode gel and 

fitted with adhesive collars. Consistent with procedures outlined by Fridlund and 

Cacioppo (1986), two electrodes were placed 1 cm apart over each muscle group, with a 

common ground placed at the center of the forehead. Once all impedences were below 10 

kohms, participants were asked to grit their teeth, wrinkle their brows and blink while 

EMG signals were recorded to ensure that the electrodes were placed properly and the 
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signal appeared on the computer as expected. To measure SCR from a uniform surface 

area for each participant, electrode collars with encircling velcro straps were used to 

attach two Beckman Ag-AgCI 8mm surface electrodes filled with NaCl paste in a unibase 

medium to the distal phalanges of the first and second fingers of the participant's non-

dominant hand. Electrode patches and snap electrodes were then placed for ECG 

recording, in accordance with procedures outlined by Papillo and Shapiro (1990). 

Participants were asked to put on a set of headphones, over which pre-recorded 

digitized testing instructions, as well as the startle probe, were presented. The instructions 

informed participants they would view slides of varying content, which they should attend 

to for the entire time they are shown. They were told they would be asked to rate their 

emotional response after each slide presentation along the dimensions of valence 

("pleasantness/unpleasantness") and arousal ("calm/excited") using the SAM. After 

instructions were presented over the headphones and the experimenter addressed any 

questions, three practice slides were presented, followed by a series of 18 target slides. 

Slide images of approximately 3x2 feet were projected onto a screen 9 feet fi'om the 

participant. The experimenter remained in the room but sat out of the participant's 

peripheral vision throughout the experiment. 
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E^SULTS 

Primary Analyses of Measures of Emotion 

EMG Actiyitv. Initial analyses were conducted to assess two hypotheses: (1) control 

participants ought to evidence relatively greater corrugator EMG activity to negative 

compared to positive or neutral slides, and increased zygomatic EMG activity while 

viewing positive compared to negative or neutral slides, and (2) individuals with PD ought 

to evidence decreased facial EMG activity across muscle sites and across slide types. 

These hypotheses were tested with a 2 (group - controls, PD) x 2 (site - corrugator, 

zygomatic) x 3 (slide type - positive, neutral, negative) x 5 (1* - 5"* seconds of slide 

viewing) analysis of variance (ANOVA) using mean change scores (across all slides within 

a slide type) for corrugator and zygomatic activity. The resuhs revealed no group main or 

interaction eflfects (all Fs < 1.72, n.s.). There was a main effect for second, F(4,152) = 

5.21, p<.005, and a site by valence interaction, F(2,76) = 3.66, e<.05. These effects were 

qualified by a significant site by valence by second interaction, F(8,304) = 4.85, g<.001. 

Further analyses of this three-way interaction revealed significantly greater corrugator 

activity during negative compared to positive slides during seconds 2, 3, 4, and 5 (all ts > 

2.00, ES<.05), but not during second 1 (see Figure 1). Greater zygomatic activity to 

positive than negative slides was observed across seconds 2 - 5, but was only significantly 

different at second 3 (t > 2.00,12<.05) (see Figure 2). 

These data replicated previous research in finding greater corrugator activity to 

negative stimuli and greater zygomatic activity to positive stimuli. However, the finding 
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of no group differences in facial EMG was contrary to expectations that PD is associated 

with decreased involuntary facial activity, and contrary to findings reported by Dalby 

(1994). Thus, it was hypothesized that the group means were masking variations in facial 

expressions between participants within the PD group. 

To test this hypothesis, PD participants were split into a group of "responders" 

and "non-responders" first based on zygomatic activity to positive slides during the peak 

activation period (seconds 3 and 4) and then confirmed by corrugator activity to negative 

slides.^ To assess whether the groups resulting fi-om this split had significantly different 

levels of facial activation across all five seconds of slide viewing, a 3 (group) x 2 (site) x 3 

(slide type) ANOVA using mean change scores for corrugator and zygomatic activity 

across all seconds was computed. Consistent with efforts to identify "responders" (PDR) 

and "non-responders" (PDNR) in the PD group, the main effect of group approached 

significance, F(2,37) = 2.82, ^=-07. Subsequent t-test comparisons revealed significantly 

more EMG activity in the control group, M = .56(SD = .61), than the PDNR group, M = -

.04(SD = .20), t(29) = 3.00, p<.01. The t-test comparing PDNR and PDR, M = 1.04(SD 

3 

Nine PD participants were identified as "responders" based on zygomatic activity (those 
with z-scores > 0) and 11 were considered "responders". Efforts were made to confirm 
this grouping based on corrugator activity. Because 13 of the 20 PD participants 
evidenced corrugator activity with z-scores greater than zero, participants were rank 
ordered by corrugator EMG magnitude. Of the 9 "responders" identified by zygomatic 
data, eight were the top "responders" in terms of corrugator activity. The ninth 
participant identified by zygomatic data also evidenced corrugator activity with a z-score 
greater than zero and so was included in the "responder" group. 



= 1.75) was not significant, t(29) = 1.83, £=• 10, but did suggest a trend for PDNR 

participants to show less activity than FDR. PDR participants and controls did not differ, 

t(29) = .79, n.s.. Consistent with the analyses described above, the site by slide type 

interaction approached significance, F(2,74) = 2.72, ]j=.07. In contrast, the group by site 

by valence interaction was not significant, F(4,74) = 1.55, n.s., thereby suggesting 

differences in the magnitude but not necessarily the pattern of affective modulation to 

slides. 

The significant main effect of facial EMG activity did confirm that the division of 

the PD participants identified a subset of participants with significantly decreased facial 

expressiveness. Because the purpose of this research was to assess the relationship 

between decreased facial expression in PD and subjective reports of emotion, all remaining 

analyses compared data fi-om these three groups: PD "responders" (PDR), PD "non-

responders" (PDNR), and controls (C). 

Subjective Ratines. According to the FFH, participants with decreased facial 

expressiveness in response to the slides (PDNR group) ought to report a corresponding 

decrease in self-reported experiences of emotion. To test this hypothesis, a 3 (group) x 3 

(slide type) ANOVA was performed for each of the two dimensions of emotional 

experience. These analyses revealed a significant main effect of slide type on valence 

ratings, F(2,72) = 399.65, g<.001, and on arousal ratings, F(2,72) = 55.36, £<.001. 

Further analyses were conducted to decompose these effects (see Table 2 for a summary 

of findings). As expected, greater unpleasantness ratings were associated with negative 
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compared to positive or neutral slides, and greater pleasantness ratings were observed for 

positive compared to negative or neutral slides (all ts > 2.90, ps<.05). Ratings of arousal 

were significantly higher for both positive and negative slides compared to neutral slides. 

In addition, unexpectedly in light of Lang's normative data (Lang et al., 1999), negative 

slides were rated as significantly more arousing than positive slides (all ts > 2.93, ES<.05). 

Contrary to predictions based on the FFH, no group differences were found for 

valence ratings F(l,36) = 1.00, n.s., or for arousal ratings, F(l,36) = 1.77, n.s.. 

Additionally, there were no group by slide type interactions either for valence, F(2,72) = 

1.94, n.s., or arousal, F(2,72) = .61, n.s.. Thus, despite finding that the PDNR group 

displayed less facial activity during slides than the other two groups, there were no group 

differences in subjective ratings of pleasantness or arousal. 

Startle Response. Two hypotheses related to the startle response were tested. First, 

it was predicted that startle magnitude would be affected by slide type, such that negative 

slides would be associated with startle response augmentation relative to positive and 

neutral slides. The second hypothesis, based on the FFH, was that relatively increased 

startle responses to negative slides would not be observed among PDNR participants. 

These hypotheses were tested by a 3 (group) x 3 (slide type) ANOVA using z-score 

transformed startle response data. There was a significant main effect of slide type on 

startle response, F(2,58)=4.25, p<.05. Pairwise comparisons revealed decreased startle 

responses to positive slides, M = -. 13(SD = .43), relative to neutral slides M = .21(SD 

=.42), t(31) = 2.72, E< 05. NO significant differences in startle responses were found for 



positive compared to negative slides, M = -.02(SD = .60), t(31) = .74, n.s., or for neutral 

compared to negative slides, t(31) = 1.58, n.s. (see Figure 3). While decreased average 

startle responses to positive slides were predicted, it was hypothesized that this difference 

would be significant relative to negative, not to neutral, slides. 

Further analyses were conducted with the hope of gaining more information 

regarding this unexpected relationship. Previous research has reported changes over time 

in patterns of affective modulation of the startle response (Manber, Allen, Burton, & 

Kaszniak, 1999). In this study, participants who viewed a selection of lAPS slides on two 

separate occasions evidenced startle augmentation not only to negative slides but also to 

non-erotic positive slides during the second testing period. To determine whether a 

similar pattern was evident over the course of this study's one testing session, 

correlational analyses were conducted. Because of the lack of group differences in 

primary analyses, participants from the three groups were combined for these analyses. 

The resulting correlations between time of presentation and startle magnitude for each 

slide valence (positive: 50; neutral: r_= -.28; negative: rj= -.58) were not significant, 

nor were differences between these correlations (all ps>.33), likely in part due to the small 

number of observations for each valence. However, the pattern of correlations suggests 

that, across participants, startle magnitude to negative and neutral slides decreased over 

time, while responses to positive slides increased over time. It is possible that these 

opposite response patterns to positive and negative slides served to mask average valence 
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eflfects on startle responsivity. Implications for future directions of research will be 

considered in the Discussion. 

Regarding the FFH, there was no main effect for group nor was there a group by 

slide type interaction (both Fs < 1.11, n.s.). Thus, despite decreased facial activation 

among participants in the PDNR group, no group diiferences were observed in this 

electrophysiological component of emotion. This finding was consistent with the absence 

of group differences in participants' self-report subjective experiences of emotion. 

Heart Rate. Based on previous research, it was predicted that negative slides would 

be associated with decreased heart rate relative to positive or neutral slides. Based on the 

FFH, affective modulation of heart rate was not expected among individuals with altered 

facial expression (PDNR group). Each second during the slide viewing period was 

analyzed separately, so potential variations over time could be assessed. Results from a 3 

(group) x 2 (slide type) x 5 (1" - 5"* seconds of slide viewing) ANOVA failed to support 

either of the hypotheses outlined above. The main effect of slide type and ail interactions 

with slide type were not significant (all Fs < 1.34, n.s.). Additionally, the main effect for 

group was not significant, nor were any interactions with group (all Fs < .72, n.s.). Thus, 

contrary to the present study's hypotheses, and to findings in previous research with 

young subjects (e.g., Bradley et al., 1993), heart rate was not found to vary as a result of 

slide valence. In addition, there were no significant group differences in heart rate activity. 

Skin Conductance Responses. The prediction that increased SCR would be observed 

during slides high in arousal, except among individuals evidencing decreased facial 



expressiveness (the PDNR group), was tested by a 3 (slide type) x 3 (group) ANOVA. 

There were no significant main effects or interactions (all Fs < 1.98, n.s.). As with the 

heart rate data, SCR data failed to replicate findings fi'om previous studies (e.g., Bradley 

et al., 1993) of increased skin conductance in response to stimuli rated high in arousal. 

Summary of Significant Findings. Preliminary analyses replicated several previously 

reported findings. Among control participants, increased zygomatic activity was observed 

during positive slides and increased corrugator activity was observed during negative 

slides. These findings were consistent with self-reported ratings of greater pleasantness 

associated with positive slides and greater unpleasantness in response to negative slides. 

As expected, average startle responses were smallest during positive slides. However, 

startle magnitude during positive slides was significantly different than responses during 

neutral, but not negative, slides. Thus, although there was evidence of affective-

modulation of startle responses, these data did not replicate findings fi'om previous studies 

of startle response augmentation to negatively valenced stimuli. Finally, based on initial 

analyses of facial EMG activity, individuals with PD were divided into two groups, one 

including those with the expected pattern of facial muscle activity in response to slides and 

one consisting of individuals who did not respond in the expected manner. Despite 

differences in facial expression, analyses revealed patterns of self-reported experience and 

startle response modulation to the affect-laden slides that were similar across all three 

groups. 

Secondary Analvses: Correlating Subjective Ratines and Psychophysiological Data 



The primary analyses described above revealed the expected main effects of slide 

valence on measures of facial EMG activity and self-reported emotional experiences. 

However, these analyses failed to replicate findings fi'om previous studies of differences in 

heart rate activity and SCR based on slide type. One reason might be that grouping slides 

based on normative data fi'om college students (Lang et al., 1999) masked subtle 

differences in self-reported slide ratings among study participants, all of whom were 

elderly. For this reason, secondary analyses were conducted that correlated participants' 

self-report responses to slides and corresponding psychophysiological responses. These 

secondary analyses also provided the opportunity to test whether there might be a stronger 

relationship between physiology and experience in the PDR versus PDNR participants. 

To conduct these analyses, slides were rank ordered for each individual based on 

his/her valence or arousal ratings (depending on which ought to show the relationship to 

the psychophysiological measure according to previous research). Slides at each rank 

were then averaged across all participants, and correlations between slide rank and 

average magnitude of psychophysiological response were computed. This procedure was 

described previously by Lang and colleagues (1993). 

EMG Activitv. EMG data fi'om second 3 were used because primary analyses 

revealed the strongest effect of slide type on facial EMG during this period. Self-report 

and corresponding EMG responses were rank ordered for each participant according to 

valence ratings, fi'om the least pleasant to the most pleasant. Mean responses for 

corrugator activity and for zygomatic activity were then computed for each rank across all 
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participants in each group (Figures 4 and 5 present scatterplots of these data). Bi-variate 

correlations were computed. The magnitude of corrugator activity was significantly 

correlated with slide rank for the control group (r = -.70, i2=.001) and for PDR 

participants (r = -.61, E<.01), but not for the PDNR group (r = .21, n.s.). The correlation 

evidenced by the control group was statistically different fi-om the PDNR group (E<.05) 

but not the PDR group (E=.74); the difference between correlations from the two PD 

groups approached significance (]3=. 11). A similar pattern of group differences was 

observed in zygomatic activity during second 3. Significant correlations between slide 

rank and magnitude of zygomatic activity were found for controls (r = .64, J2<.01) and for 

PDR participants (r = .60, E<.01), but not for the PDNR group (r = .38, n.s.). However, 

differences between these group correlations were not significant (all gs>.41). 

In sum, among control and PDR participants, greater self-reported feelings of 

unpleasantness were associated with increased corrugator activity. The magnitude of the 

correlation evidenced by the controls, but not the PDR group, was significantly different 

fi'om the PDNR group. Furthermore, while higher ratings of pleasantness were associated 

with increased zygomatic activity among controls and PDR participants, the magnitude of 

these relationships did not differ significantly between groups. These data are consistent 

with the main effect of slide type on corrugator EMG among the controls and the PDR 

partidpants but not the PDNR group. They also replicate the finding of a significant 

relationship between slide type and zygomatic activation, although group differences were 

not found in this correlational data. 



Startle Response. As with EMG analyses, self-report and corresponding startle 

responses were rank ordered for all participants according to each individual's valence 

ratings, from the least pleasant to the most pleasant. Bi-variate correlations were 

computed. Correlations between slide ranking and startle magnitude were not significant 

for either the PDR group (r = -.24, n.s.) or the PDNR group (r = -.40, n.s.). In contrast, 

the correlation between slide rank and average startle response was significant for the 

control group (r = .54, £"^.05), reflecting greater startle magnitude as ratings of 

pleasantness increased. There was a statistically significant difference between the 

correlations from the control group (r = .54) and the PDNR group (r = -.40, e< 05). The 

difference between the control group and the PDR group correlation (r = -.24) 

approached significance (^=.09). These findings are contrary to expectations that a 

relative increase in startle magnitude would be found during slides rated as more negative. 

Heart rate. Self-report and corresponding heart rate responses were rank ordered 

for each participant according to valence ratings, from the least pleasant to the most 

pleasant. Bi-variate correlations between slide ranking and heart rate activity were 

computed for each of the 5 seconds of slide presentation separately (see Table 3). For the 

control group, significant negative correlations were observed using heart rate data from 

seconds 1 and 2, while significant positive correlations were observed for seconds 4 and 5. 

In contrast, significant (negative) correlations for the PDR group were observed during 

seconds 1 and 2 only, and there were no significant correlations between slide rank and 

heart rate activity for the PDNR group. 



This pattern of heart rate acceleration to more pleasant slides among controls was 

consistent with findings fi'om previous studies (e.g., Lang et al., 1993), suggesting that 

affective modulation of heart rate activity did occur among these individuals. However, 

these effects were not seen among PD participants, which is perhaps not surprising given 

previous reports of alterations in autonomic system functioning in PD (e.g., Berrios, 

Campbell Politynska, 1995). 

Skin Conductance Responses. Self-report and corresponding SCR responses were 

rank ordered according to each participant's arousal ratings, from least to most arousing. 

Bi-variate correlations were computed. For each of the three groups, the correlations 

between slide rank and SCR activity failed to reach significance (C: r = . 11, n.s.; PDR; r = 

-.21, n.s.; PDNR; r = -.03, n.s.). As with the primary analyses, these data provided no 

evidence of a relationship between arousal ratings and SCR activity. 

Sununarv. Correlational analyses were undertaken to further evaluate findings 

described in the preliminary analyses. In these analyses, rather than assessing 

psychophysiological responses using normative data of slide valence and arousal ratings, 

slides were rank ordered based on each individual's self-reported ratings. Significant 

positive correlations were found between corrugator activity and greater ratings of 

unpleasantness, and between zygomatic activity and increased ratings of pleasantness in 

control and PDR, but not PDNR, participants. Correlations of subjective rank ordering 

and heart rate activity revealed the expected pattern of heart rate acceleration to positive 

stimuli during the last 2 seconds of slide viewing among controls only. Analyses of rank 



ordered startle responses failed to support the hypothesis that increased startle responses 

would be observed while participants were viewing negative slides. Finally, analyses of 

rank-ordered SCR activity failed to reach significance. 

Relating Psychophysiological to Neuropsvcholotrical Data 

As described previously, another objective of the present study was to provide 

information regarding the relationship between psychophysiological components of 

emotion and neuropsychological indices of executive functioning. One-way ANOVA's 

were computed to compare individuals with PD (n=22) to control participants (n=14) on 

several measures of cognitive functioning. As expected, significantly poorer performances 

were observed among all PD participants compared to controls on measures of executive 

functioning (WCST scores) and on a measure of motor functioning (Grooved Pegboard). 

In contrast, no group di£ferences were observed on a measure used to estimate general 

intellectual functioning (WAIS-R Information subtest) or on measures of verbal memory 

(CVLT scores). Table 4 presents a summary of these analyses. 

A principal components factor analysis with Varimax rotation was conducted with all 

neuropsychological variables to determine whether there was a consistent relationship 

between the several measures of executive functioning. When limited to five factors, the 

rotated factor matrix revealed two factors of interest for subsequent analyses; one 

corresponding to "concept formation", and the other corresponding to "response 

inhibition". (See Table S for factors and corresponding variables.) 



Based on the hypothesis that emotion and executive flinctioning are both associated 

with activity in frontal-subcortical circuits, exploratory analyses were then condurted to 

assess whether indices of emotion discrimination, such as startle response to negative 

slides, would be positively correlated with neuropsychological measures of executive 

functioning/ Bi-variate correlations between these factor scores and the 

psychophysiological variables of interest (mean startle responses, corrugator and 

zygomatic EMG activity) were computed. 

Of the resulting series of correlations, three reached or approached significance (see 

Table 6). Two of these correlations described relationships between facial EMG and 

measures of executive functioning. One revealed a positive correlation between 

zygomatic activity during negative slides and performance on a measure of concept 

formation, and the second indicated that increased corrugator to neutral slides was 

associated with better response inhibition. These two correlations may reflect a general 

relationship between levels of facial muscle activation and executive functioning, and may 

be better understood by considering a third variable — group. Specifically, compared to 

4 

Only participants with both neuropsychological and psychophysiological data were 
included in these analyses (PD=13, C=11). 



controls, PD participants evidenced decreased facial expressiveness in response to slides 

and poorer performances on executive fiinctioning tasks. Thus, both correlations may 

reflect the influence of the group variable. A third correlation, between average startle 

response to neutral slides and the concept formation factor, approached significance 

(g=.098). The correlation shows a relationship between increased startle responses to 

neutral slides and greater impairment in concept formation. This finding is contrary to 

predictions and may reflect the influence of an unidentified third variable; as a result, no 

further interpretations of these findings will be offered. 
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DISCUSSION 

Emotion Responses to Slides 

Primary -\nalvses. The purpose of the present study was to assess the relationship 

between changes in facial expression and other components of emotion in response to 

afiect-Iaden slides. Participants included normal elderly controls and individuals with 

Parkinson's disease (PD). Results were consistent with findings from previous research of 

relationships between subjective reports of emotion and slides of varying content (e.g., 

Bradley et al., 1990; Lang et al., 1993). For ail groups, ratings of unpleasantness were 

greater for slides that had been normatively rated as negative compared to those with 

positive or neutral content. Self-reported arousal levels also varied with slide content; 

consistent with previous reports, negative and positive slides were rated as more arousing 

than neutral slides. Unexpectedly, negative slides were also rated as significantly more 

arousing than positive slides. Data fi'om controls and a subset of individuals with PD also 

replicated findings firom previous studies of a relationship between facial muscle activation 

and subjective emotional experience (e.g., Brown & Schwartz, 1980; Cacioppo et al., 

1986). Greater zygomatic activity was observed while participants viewed positive 

compared to negative slides; conversely, increased corrugator activity was associated with 

negative compared to positive slides. 

However, several findings fi'om previous studies were not replicated. Although 

the magnitude of startle responses to slides with varying affective content did differ, the 

effect was due to significantly greater startle responses to positive compared to neutral 
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slides. Also not replicated were findings of differences in heart rate activation and skin 

conductance responses corresponding to different slide types. 

Individuals with PD were included in the study to assess whether decreased 

involuntary facial expression associated with the disease might be related to changes in 

emotion-related self-report and psychophysiological responses, as would be predicted by 

Tomkins' Facial Feedback Hypothesis. PD participants were divided into a group of 

"responders" (PDR), who had the expected patterns of facial EMG in response to slides, 

and "non-responders" (PDNR), who did not. Data fi-om this study did not provide 

evidence supporting the necessity theory of the FFH. Specifically, the PDNR group did 

not differ fi-om the PDR or control groups in self-reported ratings of feelings of 

pleasantness or arousal levels to slides. In addition, as described above, there were no 

group differences in the pattern of startle responses to the affect-laden slides. These 

findings are contrary to predictions based on Tomkins' FFH that decreased facial 

expressiveness would hamper emotional experiences in response to stimuli, and argue 

against the hypothesis that expression is necessary for experience. 

Supplementary Analvses. Because an individual's self-reported ratings are a more 

precise index of his/her subjective experiences than ratings firom normative data, additional 

analyses correlating participants' self-report data and each of the four psychophysiological 

measures were conduaed. Theoretically meaningful correlations were found with heart 

rate and EMG data only. Both controls and PDR participants evidenced a pattern of 

increased heart rate as slides were rated as increasingly unpleasant during the first two 



seconds of slide viewing. However, controls also evidenced a significant pattern of 

increased heart rate to slides rated higher in pleasantness during the last two seconds. 

This pattern of heart rate activity during the last portion of slide viewing was consistent 

with reports from previous studies and provided additional evidence that the slides utilized 

in the present study were eliciting expected changes in measures of emotion. 

Analyses with EMG data revealed increased ratings of unpleasantness associated with 

greater corrugator activity, and higher ratings of pleasantness associated with increased 

zygomatic activity for the controls and the PDR group. These findings are consistent with 

the "intensity" proposal of the FFH, which asserts that facial expressions enhance the 

subjective experience of emotion. It is possible that changes in participants' facial muscle 

activity may have intensified their subjective experiences in response to slides. This 

interpretation should be considered with caution, however, for several reasons. First, the 

direction of causality is not clear. It is not possible to determine whether facial EMG 

caused changes in self-reported experience, or if participants' subjective experiences were 

responsible for altered physiological responses. Second, these correlations may reflect 

differences in facial EMG across slide types but not necessarily within each slide type. 

Specifically, it is possible that the relationship is linear across slide types, but not within a 

given slide type (e.g., those slides rated as highly unpleasant). Third, to support the 

intensity hypothesis, one would expect to see a linear relationship between EMG and slide 

rank in the PDNR group data, with a restricted range of EMG activity corresponding to a 

restricted range of self-reported experience. However, Figures 3 and 4 reveal that the 
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relationships between slide rank and EMG among PDNR participants are not linear for 

either corrugator or zygomatic activity. 

Despite these limitations, secondary analyses of control and PDR data provided 

limited support for the hypothesis that facial expressions may contribute to felt emotions. 

Among these participants facial EMG response magnitudes were significantly correlated 

with ratings of pleasantness and unpleasantness, so it is plausible that the presence of facial 

activity did contribute to subjective experiences among these two groups. However, the 

finding of no correlation with data fi'om the PDNR group suggests that, if facial 

expressions do contribute to the experience of emotions, they may not do so uniformly 

across individuals. In other words, while expressions may contribute to emotions, the 

relative absence of facial muscle activity may not necessarily alter the experience of 

emotions. 

In terms of clinical implications regarding Parkinson's disease, this work suggests that 

the valence and intensity of emotions experienced by individuals with PD does not di£fer 

fi'om normal elderly persons, even among those with decreased facial muscle activity. 

This may be informative for those who are concerned that an individual with PD may be 

depressed because he/she rarely expresses emotions such as happiness or joy. These data 

highlight the importance of relying less on observing facial expressions for information 

about affective state and instead obtaining information in other ways, such as by direct 

questioning. 

Executive Functioning and Emotion Modulation 
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Exploratory analyses of psychophysiological measures of emotion and 

neuropsychological measures of executive functioning failed to reveal any theory-

supported relationships between emotion-related psychophysiological changes and factors 

representing cognitive functions associated with "response inhibition" and "concept 

formation". We hypothesized that there might be a relationship between 

psychophysiological measures, particularly the startle response, and the response inhibition 

factor based on theories that the amygdala may be involved in both of these functions. 

The neuroanatomical pathway of the startle response includes the amydgala, as described 

previously (Hitchcock & Davis, 1991). Similarly, response inhibition may be controlled by 

the orbitofrontal region, which has connections to the cingulate gyrus and the amygdala 

(Mega & Cummings, 1994). This shared involvement with subcortical regions involved in 

emotion processing was the basis for this hypothesis, which was not borne out by data 

fi'om this study. 

Study Limitations and Future Directions 

Several limitations with the present study deserve consideration. First, it could be 

argued that the failure to find significant group differences on measures of subjective 

experience and psychophysiological components of emotion was a result of the relatively 

small number of participants in each group. Power analyses were conducted to address 

the potential impact of this limitation. Effect sizes for the group by slide type interactions 

were estimated to be .32 for valence ratings,. 18 for arousal ratings, and .08 for startle 

response data. Based on these small-to-medium effect sizes, it was estimated that over 



100 participants would be needed in each group for the interactions to reach significance 

at E<.05. It could be argued that if such a large number of participants would be required 

for group differences to be detected, then these group differences would be of limited 

clinical significance. 

The fact that reduced facial EMG activity was not observed across all PD participants 

compared to controls raises another potential concern: either the controls or the PD 

participants might be non-representative samples. Regarding controls, the correspondence 

between facial EMG activity and self-report data, and the congruence with reported in 

other studies, all provide evidence of "normal" patterns of responding. While it is possible 

that the PD participants were not a representative sample, it appears more likely that they 

actually represent an expected heterogeneity of symptoms among individuals with PD. In 

faa, for a previous study of emotion in PD (Dalby, 1994), only those individuals with PD 

who evidenced decreased facial expression were selected to participate in the study. This 

further supports the view that decreased involuntary facial expression does not occur 

uniformly across individuals with PD. 

Also noteworthy were the failures to replicate findings of startle response 

augmentation to negative slides and of slide type effects on heart rate and skin 

conductance. Regarding the startle response data, one explanation to consider is that the 

stimuli used in this study were not effective in inducing the emotions of interest because of 

content. For example, our selection of positive slides may have impacted the findings, for 

a majority (4 of 6 slides) depicted exciting leisure activities (e.g., skiing, riding a roller 
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coaster). Although these slides received highly positive valence ratings, it is conceivable 

they may also have triggered a mild fear response in the elderly participants in this study. 

The failure to replicate expected patterns of emotion-related changes in autonomic 

activity also suggests possible limitations in the present study. For example, using slides 

as stimuli may have impacted the findings. Perhaps changes are more likely to occur in 

response to emotion-evoking stimuli presented for longer duration (such as imagery or 

viewing films). Another factor to consider is the effect of age on emotion modulation of 

autonomic nervous system activity. Previous research by Levenson and colleagues (1991) 

provided evidence of decreased autonomic responsiveness among normal elderly 

participants compared to normal young individuals in response to a facial manipulation 

paradigm. These findings suggested that stimuli with the potential for eliciting more 

intense emotional responses might be more effective with elderly individuals. In fact, the 

supplementary correlational analyses in the present study revealed that subtle changes in 

heart rate did occur in relation to self-reported experiences of pleasantness and 

unpleasantness among the control participants. This suggests that, although perhaps too 

subtle to result in significant effects in the primary analyses, afifective modulation of heart 

rate activity did occur among controls. 

Several directions for fixture research are suggested by these findings. First, 

additional research may help fiirther clarify the possible relationship between intensity of 

facial expressiveness and subjective experiences of emotion. Specifically, fiiture research 

could present a similar set of slides to individuals with Parkinson's disease pre-selected for 



having different levels of impaired involuntary facial expressiveness. Subtle variations in 

the relationship between facial expression and emotion could be assessed by studying 

participants representing a wide range of involuntary facial muscle functioning rather than 

by grouping participants as either "responders" or "non-responders". 

From the secondary analyses, questions were raised regarding whether the 

relationship between facial EMG and slide valence is linear within each slide type. To 

address this question, future studies would need to use a larger number of slides for each 

vedence category. They could then assess whether a linear relationship exists by 

computing correlations between facial EMG and rankings of slides within each valence 

category. 

The failure to replicate the expected pattern of startle augmentation to negative 

slides also points to the need for additional research. Particularly relevant would be 

studies assessing the impact of aging on affective modulation. Age-related changes in 

other components of emotion, such as autonomic functioning, have been reported in 

previous studies (e.g., Levenson et al., 1991). In contrast, to this author's knowledge, no 

large-scale study of emotion-related startle responsivity in elderly persons has been 

published to date. Thus, a study evaluating this psychophysiological component of 

emotion with a large number of elderly participants using slides covering a wide range of 

affective experiences would be an important contribution. 

Another direction for research on facial expression and emotion has been previously 

suggested by Ellsworth (1994). She suggested that determining the sequence of the 
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different components of emotion is not possible (e.g., does facial activation lead to 

experience or does it reflect experience?). Instead, she argued that in different situations 

any of the components (e.g., facial expressions, visceral information, cognitive appraisals) 

might initiate the process of emotional experience. Therefore, she proposed that research 

should focus on understanding the contributions of each component and their implications 

for functioning in other areas. This could be accomplished by assessing the effect of 

blocking the occurrence of one of these components. As one example of this type of 

work, research has found that inhibiting facial expressions in emotion-eliciting paradigms 

results in changes in autonomic activity and subjective emotional experiences (e.g. Gross 

& Levenson, 1997). 

Finally, although results from the exploratory analyses failed to provide evidence for a 

clear relationship between measures of amotion modulation and executive functioning, this 

direction of research may warrant further attention. To study this hypothesized 

relationship, research could focus on affective modulation to emotion-eliciting stimuli in 

individuals with circumscribed damage to systems involved in performing these cognitive 

functions, such as the orbitofrontal region. Such studies would contribute to our changing 

conceptualization of the role of emotions, which has expanded to include cognitive 

functioning as well as subjective experience and expression. 
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Table 1 

Group Demographics. 

Age Education MMSE 
(years) (years) 

PDR 71.00(7.07) 15.00(3.04) 28.67(1.22) 
(n=9) 

PDNR 71.00(7.78) 15.36(2.77) 28.18(2.36) 
(n=ll) 

Controls* 71.32(6.05) 15.25(2.86) 28.05(2.76) 
(n=20) 

Note: Standard deviations are in parentheses. 
* MMSE data was not available for one control participant. 



Table 2 

Cell means for main effects of slide type on valence and arousal self-report ratings. 

Slide Type: Positive Negative Neutral 

Valence 7.04(1.11), 1.87 (.67)^ 5.19 (.91), 

Arousal 6.06(1.29), 7.00 (1.50)^ 3.78 (1.42), 

Note: Standard deviations are in parentheses. Within rows, means that do not share a 
subscript differ at ii<.05. 



Tables 

Correlations between heart rate activity and valence-based slide ranking. 
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Second: 1 2 3 4 5 

Controls -.56,* -.5V -.11, .50,* .76,** 

PDR -.55,* -.5V -.20, -.001, -23, 

PDNR -.14, -.13, -.06, -.06, -.03, 

Note: Within columns, correlations that do not share a subscript differ significantly 
(Il<05). 
* Correlations are significant at ji<.05. 
** Correlations are significant at ]i<.001. 



Table 4 

Group Performances on Neuropsychological Tasks 

Test PD Controls F(1.32) 

Executive Functioning Tasks 
Animals - Word Fluency 15.10 (4.93) 18.29 (6.84) 2.58 
FAS - Word Fluency 44.43 (15.35) 40.14 (10.94) .81 
CST % correa sorts 73.34 (13.54) 74.53 (12.12) .06 
CST % sorts correctly named 90.17 (10.95) 86.58 (10.54) .82 
WCST Categories Completed 3.34 (2.03) 4.86 (1.92) 4.75» 
WCST % non-perseverative errors 18.95 (9.27) 11.50 (6.96) 6.64* 
WCST % perseverative errors 21.68 (11.32) 13.43 (10.13) 4.92* 
WCST % total errors 40.64 (17.56) 24.93 (14.85) 7.6S** 

Other Tasks 
WAIS-R Information subtest 
CVLT trials 1-5 
CVLT short delay cued 
CVLT long delay cued 
CVLT cued recall intrusions 
CVLT perseverations 
CVLT recognition 
CVLT serial clustering 
CVLT semantic clustering 
Grooved Pegboard (dom.) 
Grooved Pegboard. (non-dom.) 

22.82 (4.67) 22.79 (5.01) .00 
43.77 (13.37) 45.29 (11.89) .12 
9.91 (3.25) 10.00 (3.37) .01 
9.45 (3.00) 9.57 (3.46) .01 

2.45 (2.79) 1.93 (1.98) .38 
2.18 (2.22) 3.29 (2.43) 1.97 

14.36 (1.68) 14.07 (1.38) .30 
1.36 (1.08) 2.05 (1.51) 2.53 
2.24 (.79) 1.66 (.76) 4.61* 

156.59 (84.98) 82.14 (19.68) 10.29»» 
160.14 (88.94) 89.31 (27.40) 7.72** 

Note: Standard deviations are in parentheses. 
* F-values are significant at ii<.05. 
•* F-values are significant at ii<.Ol. 



Table 5 

Factor Analysis of Neuropsychological Data 

Factor 1 
Memory A 

Factor 2 Factor 3 Factor 4 
Concept Formation Correct Sorting Memory B 

Factor 5 
Intrusions 

CVLT trials 1-5 
CVLT discrim. 
CVLT long d. free 
CVLT short d. cued 
CVLT long d. cued 
CVLT trial 5 
CVLT short d. free 
CVLT false positive(a) 

WCST total errors CST % correct 
WCST persev. errors CST rep. sorts (a) 
WCST categ. compl. CST rep. naming (a) 
WCST np. errors 
WCST p. responses 

CVLT serial 
CVLT % prim. 
CVLT % mid. (a) 

CVLT free recall int. 
CVLT cued recall int. 

Note: Variables with factor loadings > |.60| were selected for each factor. 
Variables are listed in descending order according to absolute value of factor loadings. 
Variables with an inverse relationship with the factor are denoted by (a). 

0\ oo 



Table 6 

Correlations between Psychophysiological Measures and Neuropsychological Factors. 

Physiological Measure/ Factor 2 Factor 5 
Slide Type "concept formation" "response inhibition" 

Startle / Positive .18 -.08 
Startle / Neutral -.33* .09 
Startle / Negative .18 -.03 

Corrugator EMG / Positive .17 .13 

Corrugator EMG / Neutral -.11 -.42** 
Corrugator EMG / Negative -.09 .26 

Zygomatic EMG / Positive -.26 .13 
Zygomatic EMG / Neutral .00 -.03 

Zygomatic EMG / Negative .31** -.15 

* Correlation approaches significance at {!<. 10 
** Correlations are significant at ji<.05. 
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Figure 1 

Corrugator activity (change from baseline) during seconds 1-5 of slide viewing. 
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Note: Data are presented for positive (white bar), neutral (gray bar), and negative (black 
bar) slides. Within each second, bars which are marked by di£ferent symbols differ at 
j2<05. 
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Figure 2 

Zygomatic activity (change from baseline) during seconds 1-5 of slide viewing. 
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Note: Data are presented for positive (white bar), neutral (gray bar), and negative (black 
bar) slides. Within each second, bars which are marked by different symbols differ at 
e<05. 



Figure 3 

Average startle responses to each slide type for each group. 

1.00 

S 0.50 vx 

£ 0.00 

0.50 

1.00 
PDNR Contr PDR 

Group 

Note: Data are presented for positive (gray bar), neutral (white bar), and negative (black 
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Figure 4 

Scatterplots of mean corrugator EMG activity to slide ranldngs of valence. 
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Figure 5 

Scatterpiots of mean zygomatic EMG activity to slide rankings of valence. 

74 

Mean Zygomatic EMG to Slide Rank • 
Control group (r=.64, ps.OOS) 

• 

. . • 
k * * • i 

(1 5 * 10 
• i 

15 2 0 

rank 

Mean Zygomatic EMG to Slide Rank -
PDR group (r».60, p<.05) 

3 -r ( 0  
s  2 • 
o 
u 1 • 
(0 1  n -• N  

-1 i 

• • 

—ra rs 20 
rank 

Mean Zygomatic EMG to Slide Rank -
PDNR group (rs.38, n.s.) 

M 
& e u M 

•  •• •  •  
"5 • •• ^ 
5 # ^  1 0  1 5  2 )  

- 1 J  i  

slide rank 



75 

REFERENCES 

Angevine, J.B. & Cotman, C.W. (1981). Principles of Neuroanatomy. New York: 
Oxford University Press. 

Astrom, M., Adolfsson, R., & Apslund, K. (1993). Major depression in stroke 
patients: A 3-year longitudinal study. Stroke. 24. 976-982. 

Benton, A.L. &Hamsher, K.deS. (1989). Multilingual Aphasia Examination. 
Iowa City, Iowa: AJA Associates. 

Bondi, M.W., Kaszniak, A.W., Bayless, K.A., & Vance, K.T. (1993). 
Contributions of frontal system dysfunction to memory and perceptual abilities in 
Parkinson's disease. Neuropsvcholoev. 7(1"). 89-102. 

Borod, J.C., Alpert, M., Brozgold, A., Martin, C., WeUcowitz, J., Diller, L., 
Peselow, E., Angrist, B., & Liberman, A. (1989). A preliminary comparison of flat affect 
schizophrenics and brain-damaged patients on measures of affective processing. Journal 
of Communication Disorders. 22, 93-104. 

Bradley, M.M., Cuthbert, B.N., & Lang, P.J. (1988). Lateral presentation of 
acoustic startle stimuli in a varying affective foreground. Psvchophvsioioev. 25. 436. 

Bradley, M.M., Cuthbert, B.N., & Lang, P.J. (1990). Startle reflex modification; 
Emotion or attention? Psvchophvsiology. 27. 513-523. 

Bradley, M.M., Lang, P.J., & Cuthbert, B.N (1993). Emotion, Novelty, and the 
Startle Reflex: Habituation in Humans. Behavioral Neuroscience. 107(6\ 970-980. 

Brink, T.L., Yesavage, J.A., Owen, L., Heerseman, P.H., Adey, M., & Rose, T.L. 
(1982). Screening tests for geriatric depression. Clinical Gerontolocv. i, 37-43. 

Brown, S. & Schwartz, G.E. (1980). Relationships between facial 
electromyography and subjective experience during affective imagery. Biological 
Psvchology. 11(1), 49-62. 

Brozgold, A.Z. (1988). The objective measurement of facial expression in patients 
with right brain damage and Parkinson's disease (Doctoral Dissertation, City University of 
New York, 1988). Dissertation Abstracts International. 49. 3421B. 



76 

Buck, R. & DuSy, R.J. (1980). Nonverbal communication of affect in brain
damaged patients. Cortex. 16. 351-362. 

Cacioppo, J.T., Petty, R.E., Losch, M.E., & Kim, H.S. (1986). 
Electromyographic Activity Over Facial Muscle Regions Can Differentiate the Valence 
and Intensity of Aflfective Reactions. Journal of Personality and Social Psvchologv. 50(2"). 
260-268. 

Canon, W.B. (1927). The James-Lange theory of emotions; a critical examination 
and an alternative theory. American Journal of Psvchologv. 39. 106-124. 

Center for the Study of Emotion and Attention [CSEA-NIMH] (1999). The 
international aflfective picture system: Digitized photographs. Gainsville, FL: The Center 
for Research in Psychophysiology, University of Florida. 

Cook, E.W. in, Davis, T.L., Hawk, L.W., Spence, E.W., & Gautier, C.H. (1992). 
Fearfiilness and startle potentiation during aversive visual stimuli. Psvchophysiolopv. 29. 

633-645. 

Cuthbert, B.N., Bradley, M.M., & Lang, P.J. (1996). Probing picture perception; 
Activation and emotion. Psychophysiology. 33. 103-111. 

Dalby, P.R. (1994). Facial EMG and the subjective experience of emotion in 
idiopathic Parkinson's disease in response to affectively laden visual stimuli. (Doctoral 
Dissertation, The University of Arizona, 1994). Dissertation Abstracts International. 
5Sf5-B). 2030. 

Damasio, A.R. (1994). Descartes' Error; Emotion. Reason, and the Human Brain. 
New York; G.P. Putnam's Sons. 

Damasio, A.R., Tranel, D., & Damasio, H.C. (1991). Somatic markers and the 
guidance of behavior; Theory and preliminary testing. In H.S. Levin, H.M. Eisenberg, & 
A.L. Benton (Eds.) Frontal Lobe Function and Dysfunction (pp. 217-229). New York; 
Oxford University Press. 

Davidson, R.J. (1998). Anterior electrophysiological asymmetries, emotion, and 
depression; Conceptual and methodological conundrums. Psychophysiology. 35. 607-
614. 



77 

Davis, M., Gendeiman, D.S., Tischler, M.D., & Gendelman, P.M. (1982). A 
primary acoustic startle circuit; Lesion and stimulation studies. Journal of Neuroscience. 
^ 791-805. 

Delis, D.C., Kramer, J.H., Kaplan, E., & Ober, B.A. (1987). California Verbal 
Learning Test. Form II (Research ed.V San Antonio, TX: The Psychological Corporation. 

Delis, D.C., Squire, L.R., Bihrle, A. & Massman, P.J. (1992). Componential 
analysis of problem-solving ability; Performance of patients with frontal lobe damage and 
anmesic patients on a new sorting test. Neuropsvchologia. 30. 683-697. 

Dimberg, U. (1982). Facial reactions to facial expressions. Psvchophvsioloev. 19. 
643-647. 

Dimberg, U. (1987). Facial reactions and experienced emotion to visual emotional 
stimuli. Psvchophvsiologv. 24. 586. 

Ekman, P. & Friesen, W. (1971). Constants across cultures in the face and 
emotion. Journal of Personalitv and Social Psvcholoav. 17. 124-129. 

Ekman, P. & Friesen, W. (1978). The Facial Action Coding System. Palo Alto, 
CA; Consulting Psychologists Press. 

Ekman, P., Friesen, W.V., & Ancoli, S. (1980). Facial signs of emotional 
experience. Journal of Personalitv and Social Psvcholoev. 39fl-sup-6V 1125-1134. 

Ekman, P., Levenson, R.W., & Friesen, W. V. (1983). Autonomic Nervous 
System Activity Distinguishes Among Emotions. Science. 221. 1208-1210. 

Ekman, P., Sorenson, E.R., & Friesen, W. (1969). Pan-cultural elements in facial 
displays of emotion. Science. 164. 86-88. 

Ellsworth, P.C. (1994). William James and Emotion; Is a Century of Fame Worth 
a Century of Misunderstanding? Psvcholopcal Review. 101f2\ 222-229. 

Folstein, M.F., Folstein, S.E., & McHugh, P.R (1975). "Mini-mental state". 
Journal of Psychiatric Research. 12. 189-198. 

Fridlund, A.J., & Cacioppo, J.T. (1986). Guidelines for human electromyographic 
research. Psvchophvsiologv. 23. 567-589. 



78 

Gainotti, G. (1972). Emotional behavior and hemispheric side of the lesion. 
Cortex. 8, 41-55. 

Gellhom, E. (1964). Motion and emotion: the role of proprioception in the 
physiology and pathology of the emotions. Psychological Review. 71. 457-472. 

Greenwald, M.K., Cook, E.W., & Lang, P.J. (1989). Affective judgements and 
psychophysiological response: Dimensional covariation in the evaluation of pictorial 
stimuli. Journal of Psvchophvsiologv. 3, 51-64. 

Gross, J.J. & Levenson, R.W. (1997). Hiding feelings: The acute effects of 
inhibiting negative and positive emotion. Journal of Abnormal Psvcholoev. 106(1'). 95-
103. 

Hamm, A.O., Cuthbert, B.N., Globisch, J., & Vaitl, D. (1991). Fear and the 
startle reflex: Blink modulation and autonomic response patterns in animal and mutilation 
fearful subjects. Psvchophvsiologv. 34. 97-107. 

Hess, U., Kappas, A., McHugo, G.J., Lanzetta, J.T., & Kleck, R.E. (1992). The 
facilitative effect of facial expression on the self-generation of emotion. International 
Journal of Psvchophvsiologv. 12. 251-265. 

Hietanen, J.K., Surakka, V., & Linnankoski, I. (1998). Facial electromyographic 
responses to vocal affect expressions. Psvchophvsiologv. 35. 530-536. 

Hitchcock, J.M. & Davis, M. (1991). Efferent pathway of the amygdala involved 
in conditioned fear as measured with the fear-potentiated startle paradigm. Behavioral 
Neuroscience. 105. 826-842 . 

Hoehn, M.M. & Yahr, M.D. (1967). Parkinsonism: Onset, progression, and 
mortality. Neurologv. 17, 427-442. 

Izard, C.E. (1985). Emotion and facial expression. Science. 230. 608. 

James, W. (1922). What is an emotion? In K. Dunlap (Ed.) Psvchologv classics: 
A series of reprints and translations, (pp. 11-30). Baltimore: Wilkins & Wilkins. 
(Reprinted from Mind. 1884. 188-205.) 

Katsikitis, M. & Pilowsky, 1. (1988). A study of facial expression in Parkinson's 
disease using a novel microcomputer-based method. Journal of Neurology. Neurosurgerv. 
and Psychiatry. 51. 362-366. 



79 

Katsikitis, M. & Pilowsky, I. (1991). A controlled quantitative study of facial 
expression in Parkinson's disease and depression. Journal of Nervous and Mental Disease. 
179. 683-688. 

Kimura, J. (1973). Disorder of intemeurons in parkinsonism: The orbicularis oculi 
reflex to paired stimuli. Brain. 96(1'). 87-96. 

Kolb, B. & Wishaw, I.Q. (1996). Fundamentals of Human Neuropsvcholoev. 
fourth edition. New York: W.H. Freeman and Company. 

Lang, P.J. (1980). Behavioral treatment and bio-behavioral assessment: Computer 
applications. In J.B. Sidowski, J.H. Johnson, & T.A. Williams (Eds.) Technologv in 
Mental Health Care Delivery Svstems (pp. 119-137). Norwood, New Jersey: Ablex. 

Lang, P.J. (1995). The Emotion Probe: Studies of emotion and attention. 
American Psychologist, sorsy 372-385. 

Lang, P.J., Bradley, M.M., & Cuthbert, B.N. (1999). International affective 
picture system (TAPS'): Technical Manual and Affective Ratings. Gainesville, FL: The 
Center for Research in Psychophysiology, University of Florida. 

Lang, P.J., Greenwald, M.K., Bradley, M.M., & Hamm, AO. (1993). Looking at 
pictures: Affective, facial, visceral, and behavioral reactions. Psvchophvsiologv. 30. 261-
273. 

Lange, C.G. & James, W.J. (1922). The emotions: A psychophysiological study. 
In K. Dunlap (Ed.) Psychology classics: A series of reprints and translations, (pp. 33-89). 
Baltimore: Wilkins & Wilkins. (I.A. Haupt Trans. From the Authorized German 
Translation of J. Kurella, M.D., 1885.) 

Lanzetta, J.T., Cartwright-Smith, J., & Kleck, R.E. (1976). Effects of nonverbal 
dissimulation on emotional experience and autonomic arousal. Journal of Personality and 
Social Psychology. 33, 354-370. 

Levenson, R.W., Carstensen, L.L., Friesen, W.V., & Ekman, P. (1991). Emotion, 
Physiology, and Expression in Old Age. Psychology and Aging. 6(1). 28-35. 

Madeley, P., Ellis, A.W., & Mindham, R.H.S. (1995). Facial expressions and 
Parkinson's disease. Behavioural Neurology. S(2\ 115-119. 



80 

Manber, R., Allen, Burton, K., & Kaszniak, A.W. (1999). Valence-
dependent Modulation Psychophysiological Measures: Is there Consistency Across 
Repeated Testing? Unpublished manuscript. Uniyersity of Arizona, Tucson, Arizona. 

Matthews, C.G., & Kloye, H. (1964). Instruction Manual for the Adult 
Neuropsycholopy Test battery. Madison, WI: University of Wisconsin Medical School. 

McCaul, K.D., Holmes, D.S., & Solomon, S. (1982). Voluntary expressive 
changes and emotion. Journal of Personality and Social Psychology. 42(1), 145-152. 

Mega, M.S. & Cummings, J.L. (1994). Frontal-Subcortical Circuits and 
Neuropsychiatric Disorders. The Journal of Neuropsychiatry and Clinical Neurosciences. 
6, 358-370. 

Nakashima, K., Shimoyama, Y., Yokoyama, Y., & Takahashi, K. (1993). 
Auditory effects on the electrically elicited blink reflex in patients with Parkinson's 
disease. Electroencephalography and Clinical Neurophysiology. 89. 108-112. 

Papillo, J.F. & Shapiro, D. (1990). The cardiovascular system. In J.T. Cacioppo, 
& L.G. Tassinary (Eds.) Principles of Psvchophvsiology (pp. 456-512). New York: 
Cambridge University Press. 

Patrick, C.J., Bradley, M.M., «& Lang, P.J. (1993). Emotion in the criminal 
psychopath. Journal of Abnormal Psychology. 102. 82-92. 

Reid, S.A., Duke, L.M., & Allen, J.J.B. (1998). Resting frontal 
electroencephalographic asymmetry in depression; Inconsistencies suggest the need to 
Identify mediating factors. Psvchophysiology. 35. 389-404. 

Rinn, W.E. (1984). The neuropsychology of facial expression: A review of the 
neurological and psychological mechanisms for producing facial expressions. 
Psychological Bulletin. 95. 52-77. 

Robinson, R.G., Kubos, K.L., Starr, L.B., Rao, K., & Price, L.R. (1984). Mood 
disorders in stroke patients: Importance of location of lesion. Brain. 107. 81-93. 

Rosen, J. B., Hitchcock, J. M., Sananes, C.B., Miserendino, M.K., & Davis, M. 
(1991). A direct projection from the central nucleus of the amygdala to the acoustic startle 
pathway: Anterograde and retrograde tracing studies. Behavioral Neuroscience. 105. 
817-825. 



81 

Shallice. T. & Burgess, P. (1991). Higher-order cognitive impairments and frontal 
lobe lesions in man. In H.S. Levin, H.M. Eisenberg, & A.L. Benton (Eds.) Frontal Lobe 
Function and Dvsflinction (pp. 217-229). New York: Oxford University Press. 

Smith, M.C., Smith, M.K., & Ellgring, H. (1996). Spontaneous and posed facial 
expression in Parkinson's disease. Journal of the International Neuropsvcholoeical 
Societv. 2(S\ 383-391. 

Strack, F., Martin, L.L., & Stepper, S. (1988). Inhibiting and facilitating 
conditions of the human smile; A nonobtrusive test of the facial feedback hypothesis. 
Journal of Personalitv and Social Psvcholoev. 54(5). 768-777. 

Sutton, S.K., Davidson, R.J., Donzella, B., Irwin, W., & Dottl, D.A. (1997). 
Manipulating affective state using extended picture presentations. Psvchophvsiolojzv. 34, 
217-226. 

Tomkins, S.S. (1962). Affect. Imacerv. Consciousness: Vol. 1. The Positive 
Aflfects. New York: Springer. 

Tomkins, S.S. (1963). Affect. Imagery. Consciousness: Vol. 2. The Negative 
Affects. New York: Springer. 

Tomkins, S.S. (1980). Affect as amplification: some modifications in theory. In 
R. Plutchik & H. Kellerman (Eds.) Emotion: Theory. Research and Experience (pp. 141-
164). New York: Academic. 

Tourangeau, R. & Ellsworth, P.C. (1979). The Role of Facial Response in the 
Experience of Emotion. Journal of Personalitv and Social Psvcholoev. 21(9\ 1519-1531. 

Vaughan, K. & Lanzetta, J. (1980). Vicarious instigation and conditioning of 
facial expressive and autonomic responses to a model's expressive display of pain. Journal 
of Personalitv and Social Psvchologv. 38. 909-923. 

Vrana, S.R. & Lang, P.J. (1990). Fear imagery and the startle-probe reflex. 
Journal of Abnormal Psvchologv. 99f2\ 189-197. 

Vrana, S.R., Spence, E.L., & Lang, P.J. (1988). The startle probe response: A 
new measure of emotion? Journal of Abnormal Psychology. 97, 487-491. 

Wechsler, D. (1981). WAIS-R manual. New York: The Psychological 
Corporation. 



82 

Wexler, B.E., Warrenburg, S., Schwartz, G.E., & Janer, L.D. (1992). EEGand 
EMG responses to emotion-evoking stimuli processed without conscious awareness. 
Neuropsvchologia. SOCnV 1065-1079. 

Winton, W.M., Putnam, L.E., & Krauss, R.M. (1984). Facial and autonomic 
manifestations of the dimensional structure of emotion. Journal of Experimental Social 
Psychology, 20, 195-216. 

Witvliet, C.V. & Vrana, S.R. (1995). Psychophysiological responses as indices of 
affective dimensions. Psvchophvsiologv. 32. 436-443. 


