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ABSTRACT 

It has been suggested that emotion regulatory extremes may play a role in 

psychopathology and physical health. In a study whose primary aim was to shed light on 

the response-dampening end of the regulatory continuum, measures of autonomic and 

scalp-recorded electrical activity were taken while 60 female undergraduates engaged in 

effortful inhibition of responses to disgusting, happy, and neutral images. Resting data 

were collected followed by passive viewing of a first set of affective images. For a 

second set of images, instructions were provided either to suppress one's outward 

expressions of emotion (Suppress), to reappraise the meaning of the stimuli to reduce 

emotional experience (Reappraise), or to simply view the pictures carefully (Control). 

There was very little support for the prediction that the Suppress group would show 

greater autonomic arousal compared to the other two groups, possibly due to insufficient 

statistical power. Modest support was found for the prediction that Suppress participants 

would show greater activation than the Control group in the frontal and anterior temporal 

regions, a finding that was limited to the disgusting images. Although greater activation 

was expected for the Suppress compared to the Reappraise group, there was no such 

difference for these disgusting images. For neutral pictures. Reappraise participants 

unexpectedly showed greater anterior activation compared to Suppress and Control 

participants. Independent of stimulus valence. Reappraise participants evidenced a shift 

towards greater relative right-sided activation at the frontal pole compared to the other 

two groups. Finally, individual differences in resting prefrontal asymmetry predicted the 

ability to inhibit positive affect, a relationship that was moderated by group assignment. 



11 

Left-sided activation in the niidfrontal region was associated with greater decreases in 

zygomatic ("smile") activity in Reappraise participants. For Suppress participants, on the 

other hand, left-sided activation in this same region was associated with greater increases 

in zygomatic activity. No such effects were found for disgusting or neutral pictures. 

This study suggests that the frontal regions are relevant to effortful affective inhibition. 

Furthermore, the strategies that are selected to effect such inhibition may be differentially 

effective in the context of stable individual differences in affective style. 
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INTRODUCTION 

Many emotion theorists have held that emotions are adaptive responses to both 

challenge and opportunity (e.g., Tooby & Cosmides, 1990) that are manifested in 

expressive, experiential, and physiological response tendencies (Lang, 1995). These 

response tendencies are held by some to occur in a coordinated fashion such that the 

organism is prepared for action (Scherer, 1984, 2000). If coordination amongst response 

systems is regarded as a key component that defines emotion as different from other 

psychological processes, one might wonder if purposeful dampening of one emotional 

response channel will have systematic consequences for the others. The direst of 

predictions holds that inhibition of emotion over a long period of time may be a 

mediating factor in the etiology and course of disease (Pennebaker & Beall. 1986; 

Pennebaker. Kiecolt-Glaser. & Glaser, 1988; Temoshok & Dreher, 1992). For example, 

chronic use of a repressive coping style in which individuals selectively inhibit their 

experience of negatively-valenced emotions is predictive of immunocompromise 

(Esterling, Antoni, Kumar, & Schneiderman, 1990) as well as higher mortality in women 

with breast cancer (Goldstein & Antoni, 1989; Jensen, 1987). On the flip side, 

uninhibited emotional expression, as seen in such psychiatric disturbances as borderline 

personality disorder, aggressive behavior, depression, and primary anxiety disorders, may 

be associated with their own undesirable sequelae. It would seem that striking a balance 

between these extremes would be optimal, and that deviations from this optimal level 

would be expectable (and even adaptive) upon exposure to brief periods of psychosocial 

challenge (McEwen, 2000). The potential benefits of balance are demonstrated in studies 
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showing, for example, that using high numbers of positive emotion words and moderate 

numbers of negative emotion words when writing about emotionally upsetting 

experiences results in positive health outcomes (Pennebaker & Seagal, 1999). Benefits of 

emotional expression through writing have also included improvements in parameters of 

immune functioning (Petrie, Booth, & Pennebaker, 1998) and fewer trips to the doctor 

(Pennebaker, Kiecolt-Glaser, & Glaser, 1988). Considering the impact of emotional 

expressive extremes on health outcomes and the knowledge that over half of the Axis I 

diagnoses and all of the personality disorders putatively involve some form of emotional 

dysregulation (Gross & Levenson, 1997), the importance of understanding more about 

emotion regulatory processes becomes clear. In a study whose primary aim was to shed 

light on the response dampening end of the emotion regulatory continuum, measures of 

central and peripheral physiological activity were taken while participants engaged in 

effortful inhibition of experiential and expressive responses to standard emotion-eliciting 

pictures. 

Relationship between expression and autonomic activity 

Much work has been carried out examining the effect of downregulating 

expressive behavior on autonomic activity. Experiments examining trait-like tendencies 

towards emotional expressivity or inexpressivity, where the motivational processes 

presumably occur at an automatic as opposed to effortful level, support a negative 

relationship between expressivity and physiological arousal—individuals who are 

characteristically inexpressive are more physiologically reactive than individuals who are 

characteristically expressive (Buck, 1979; Notarius & Levenson, 1979; see review by 
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Gross & Levenson. 1993). Similar Findings have been reported in studies instead 

examining acute inhibition of emotional expressive behavior in an experimental paradigm 

(Gross & Levenson, 1993; Gross & Levenson, 1997). Their results suggested that 

participants who were asked to inhibit their spontaneous emotional expressions in the 

face of disgust-provoking films evidenced greater increases in skin conductance level 

compared to control subjects who viewed the same films without any special instructions. 

They also showed greater decreases in heart rate that were interpreted to reflect 

documented reductions in somatic activity in response to the masking of expressive 

tendencies. In subsequent studies. Gross and Levenson (1997) extended these findings to 

amusing and sad films such that expressive inhibition led to greater sympathetic 

activation of the cardiovascular system relative to passive viewing of these films. 

Overall, these findings support the idea of a negative expression-physiology 

relationship—the less behaviorally expressive one is, the higher the tax on aspects of 

autonomic nervous system activity. 

The impact of expressive inhibition on emotional experience 

Studies have also examined the impact of effortful inhibition of affective 

expression on subjective emotional experience with mixed findings (Bush. Barr, 

McHugo, & Lanzetta, 1989; Colby, Lanzetta, & Kleck, 1977; Gross & Levenson, 1997; 

Lanzetta. Cartwright-Smith, & Kleck, 1976). Bush and colleagues (1989) showed that 

participants who inhibit their expressive behavior in response to amusing films reported 

less amusement than participants who watched the film in the absence of inhibition 

instructions. Using imagery to motivate emotional responses, Wright, Pedis, Knutson, 
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Schwartz, & Bootzin (1991) demonstrated a decrement in reported happiness in response 

to a happy imagery scenario for participants in an inhibition of facial expression 

condition relative to the no-inhibition control subjects. These participants also reported 

increased sadness during fear imagery and trends towards experiencing less anger during 

anger imagery but more anger during sad imagery relative to no-inhibition conu-ol 

participants. Gross and Levenson (1993) demonstrated that suppressing expressive 

behavior and passive viewing of a disgusting film resulted in equivalent ratings of 

disgust, and in later work, that suppressing expressive behavior resulted in less 

amusement while viewing amusing and sad films compared to passive viewing (Gross 

and Levenson, 1997). These studies together suggest that positive emotions like 

happiness are liable to be experienced less intensely when their expression is inhibited 

with effects on negative emotions being more variable. From an intuitive standpoint, it 

would seem that when we are called upon to dampen our expressive behaviors, this at 

times results in experiential dampening, however such dampening does not occur of 

necessity (Gross & Levenson, 1993; Tomkins, 1984). Indeed, examples of dissociations 

between components of emotional responding in which expressive behavior is reduced 

but experience is intact are readily available in neurologic conditions such as Parkinson's 

Disease (Reid. 2000), schizophrenia (Kring & Neale, 1996), and in normal populations 

(Gross, John. & Richards, 2000). The converse has also been demonstrated such that 

presence of emotional expressions, as in pseudobulbar palsy (Heilman, Bowers, & 

Valenstein, 1993; Rinn, 1984), does not necessarily imbue the target emotional 

experience. 
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Downregulation of emotional experience 

In more recent work. Gross (1998) has broadened the scope of inquiry to consider 

downregulatory strategies other than diminution of expressive behavior. In his "process 

model of emotion", emotion regulation strategies are described as either "antecedent-

focused". which are brought to bear prior to the elicitation of an emotion (e.g., situation 

selection, situation modification, attentional deployment, cognitive reappraisal), or 

"response-focused", which are called upon once an emotion has already been elicited 

(e.g.. curtailing, prolonging, or intensifying experience, expression, or physiological 

responses; Gross. 1998). These broad categories of emotion regulation are predicted by 

the model to result in different consequences in experiential, expressive, and 

physiological domains. Specifically, Gross compared two strategies for regulation of 

affective responses to disgusting film stimuli, one focused on reducing negative affect by 

way of cognitive reappraisal and the other on inhibition of expressive tendencies (1998). 

Gross hypothesized that a reappraisal strategy, in which participants are instructed to 

think about the stimuli in a detached and unemotional manner such that they do not feel 

anything, would result in decreased levels of sympathetic nervous system activity 

compared to masking overt expressions of emotions, and also compared to passive 

viewing. Replicating prior findings, the expressive inhibition strategy indeed resulted in 

greater sympathetic nervous system activity (lower finger pulse amplitude and finger 

temperature, and higher skin conductance level) but equivalent ratings of negative 

emotional experience compared to the passive viewing condition. In support of Gross' 

hypothesis, participants invoking the cognitive reappraisal strategy indeed showed lower 
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levels of sympathetic nervous system activity compared to those using the expressive 

inhibition strategy. Despite lower levels of reported disgust for those using reappraisal, 

their levels of sympathetic activation were equivalent to those of individuals in the 

passive viewing condition. 

Emotion, inhibition and the brain 

While extensive research has addressed the impact of various forms of emotion 

inhibition on indices of peripheral physiology, few have examined their association with 

measures of central nervous system activity. The central nervous system is quite 

pertinent to a discussion of affect regulation, and in particular the process of inhibition. 

The extant literature suggests that the prefrontal cortex is an important zone of 

convergence for these processes. The prefrontal cortex has been ascribed multiple roles, 

all of which fall within the rubric of executive function. For one, the prefrontal cortex 

has been shown to be involved in inhibitory control, with medial, lateral, and orbital 

regions each contributing unique variance to this heterogeneous concept (Roberts & 

Wallis, 2000). Other important functions of the prefrontal cortex include maintenance of 

temporal continuity in the service of goal-directed behavior, suppression of interference, 

and the ability to shift strategies in response to feedback and a changing environment 

(Tomarken & Keener, 1998). In addition, evidence supports a role for the prefrontal 

cortex in approach and withdrawal, two fundamental motivational systems that have been 

theorized to be important factors underlying emotion and emotion regulation (see a recent 

review by Davidson, Jackson, and Kalin, 2(X)0). 
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The approach-withdrawal model. 

The approach-withdrawal model suggests that the experience of emotion 

differentially engages the left and right anterior cerebral hemispheres depending on the 

motivational tendency that is elicited by the target emotion (Davidson, 1993: Kinsboume, 

1978). Proponents of this model theorize that the left anterior hemisphere is putatively 

involved in generation of approach-related emotions, and the right anterior hemisphere in 

the generation of withdrawal-related emotions. Evidence is mounting which supports 

such a framework (Davidson, Ekman, Saron, Senulis, & et al., 1990b; Fox & Davidson, 

1986; Fox & Davidson, 1987; Tomarken, Davidson, & Henriques. 1990: Tomarken. 

Davidson, Wheeler, & Doss, 1992; Wheeler, Davidson, & Tomarken, 1993). As 

documented in a recent review by Coan and Allen (in press), the approach-withdrawal 

distinction can be conceptualized from both state and trait perspectives. State effects are 

demonstrated, for example, by Davidson (1990b) who showed that emotional films elicit 

state-like changes in asymmetric frontal lobe activity such that participants who watched 

films that elicited approach-related emotions demonstrated relative left frontal activation 

(decreased power in the alpha band) while films that motivated withdrawal-related 

emotions elicited relative right frontal activation. Fox and Davidson (1987) exposed 10-

month-old infants to two conditions, maternal approach and maternal separation. Infants 

who cried in response to maternal separation demonstrated greater relative right frontal 

activation during separation compared to during the maternal approach condition. Infants 

who did not cry in response to separation, on the other hand, evidenced decreased relative 

right frontal activation during maternal separation compared to during maternal approach. 
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Studies have also demonstrated stable individual differences in asymmetric hemispheric 

activation that support the approach-withdrawal model (Allen. lacono. Depue, & Arbisi, 

1993; Davidson, Chapman, Chapman, & Henriques, 1990a; Davidson & Fox. 1989; 

Henriques & Davidson, 1991; Tomarken & Davidson, 1994; Tomarken et al., 1990; 

Tomarken et al.. 1992, but see Hagemann, Naumann, Becker, Maier, & Bartussek, 1998; 

and Reid, Duke, & Allen, 1998). 

In more recent writings (e.g., Davidson. Jackson, & Kalin, 2000), Davidson and 

colleagues have postulated that the anterior regions of the brain may be important not 

only for the production of emotion along approach-withdraw lines, but also for its 

regulation once elicited. Supporting this assertion is the finding that there is a negative 

correlation between positron emission tomography derived glucose metabolic rates in the 

left medial and lateral prefrontal cortex and the right amygdala (Abercrombie et al.. 

1998), a subcortical nucleus deep within the temporal lobes that has been implicated in 

the acquisition of conditioned fear (LeDoux, 1996). Moreover, in a recent report by 

Jackson and colleagues (2000), greater relative left anterior activation (frontal pole and 

anterior temporal regions) recorded with the electroencephalogram at rest was positively 

correlated with degree of attenuation of the startle eyeblink reflex recorded at the 

orbicularis oculi muscle region (Jackson, Burghy, Hanna, Larson, & Davidson, 2000). 

The startle eyeblink reflex is a measure that is sensitive to the experience of positive and 

negative affect such that the experience of positive affect generally results in decreases in 

the force of the blink reflex in response appropriate probe stimuli, e.g., sudden bursts of 
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loud white noise, while the experience of negative affect tends to potentiate the force of 

such blinks (Lang, Bradley, & Cuthbert, 1992). 

Central-peripheral nervous system interaction. 

Although the frontal cortices are likely quite important to the maintenance of 

goal-directed behaviors effected through these two motivational systems, it does not carry 

these functions out alone. In their recent review, Thayer and Lane (2000) suggest that 

other key constituents of emotion regulation processes are found in a central autonomic 

network, a term coined by Benarroch (1993). The central autonomic network includes 

the insular cortex, anterior cingulate, amygdala, periaquaductal gray, the nucleus of the 

solitary tract, the nucleus ambiguus, ventral striatum, and basal ganglia. Its primary 

output is found in preganglionic sympathetic and parasynipathetic neurons that innervate 

the heart. Coordinated efforts of the central autonomic unit are also critical in the 

excitation of the hypothalamic-pituitary-adrenal axis in which exposure to stressors 

precipitating emotional responses triggers secretion of catecholamines and 

glucocorticoids, substances that mediate responses of the autonomic nervous system in 

wide ranging fashion (Leonard, 2000; Menzaghi, Heinrichs, Pich, Weiss, & Koob, 1993). 

Moreover, incoming affective information does not necessarily traverse the frontal region 

prior to undergoing elementary processing by subcortical structures. As LeDoux (1996) 

suggests, there are reciprocal connections between the amygdala and the prefrontal cortex 

with amygdalar backprojections being more abundant than the reverse (LeDoux, 1996). 
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Hypotheses guiding the present study 

In light of the discussion aboye. several hypotheses guided the present study as 

follows: 

1) If indeed the inhibition of expressive behavior in the face of significant emotion 

elicitors is a task that requires greater effort compared to other regulatory strategies, 

this effort should be reflected in the prefrontal cortex, which has been demonstrated 

to be involved in motivational and regulatory behavior. It was reasoned, therefore, 

that while the inhibition of both experiential and expressive behaviors should result in 

suppression of alpha activity in the frontal regions relative to a baseline condition, 

this effect should be more pronounced with inhibition of expressive behaviors. 

Furthermore, this should also be shown in the peripheral physiological indicators such 

that greater sympathetic activation (or perhaps lesser parasympathetic activation) is 

found when inhibiting expressive behaviors relative to inhibiting emotional 

experience or passive viewing. 

2) If. as Davidson and his colleagues have suggested, the left prefrontal cortex is 

involved in individual differences in t.ne extent to which individuals are successful at 

inhibiting emotion, and if indeed state-like changes in hemispheric activation do 

occur, it was reasoned that engaging in reappraisal as a means of inhibiting the 

experience of emotion would result in state-like shifts towards greater relative left 

frontal activation. 

3) On the other hand, if the two hemispheres are equally engaged in the two emotion 

inhibition strategies, and if the reappraisal strategy indeed succeeds in producing 
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decrements in the subjective experience of emotion, then an alternative hypothesis is 

that the reappraisal strategy may result in attenuations of the anterior activation 

asymmetries that are predicted by the approach-withdrawal model. 

4) Moreover, if the left prefrontal cortex is involved in individual differences in the 

extent to which individuals are successful at inhibiting emotion, these data should 

replicate the finding that resting EEG asymmetry predicts emotional responses to the 

manipulations, with greater relative left frontal activation being correlated with 

improved ability to inhibit negative affect. 

To address these hypotheses, the present study examined the acute effects of 

effortful inhibition of emotional expression and emotional experience in response to 

picture stimuli that are known to elicit spontaneous emotional responses in expressive, 

experiential, and physiological domains. The dependent measures included indices of 

both central (scalp-recorded cortical electrical activity) and peripheral (cardiovascular, 

electrodermal, and facial muscle activity) physiological activity. With respect to 

cardiovascular activity, measures included heart rate, low frequency heart rate variability, 

a measure that is sensitive to sympathetic and parasympathetic influences on 

cardiovascular functioning, and respiratory sinus arrhythmia, which is primarily a 

measure of cardiac vagal tone. The cardiovascular, electrodermal, and skin temperature 

measures were included to replicate previous findings (Gross & Levenson, 1993; Gross 

& Levenson, 1997), while the state-related changes in brain electrophysiology and facial 

electromyography measures represent an extension of previous research on voluntary 

emotion regulation. Procedures involved collecting resting physiological data followed 
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by passive viewing of a first set of affectively-valenced pictures. Prior to viewing a 

second set of images, instructions to suppress the outward expression of emotion, to 

reappraise the internal emotional experience, or to simply watch the pictures carefully 

were provided. Independent manipulation checks involved collection of self-report 

ratings of emotional experience (to demonstrate reduced felt emotion in the reappraise 

group), and recording of facial electromyographic (EMG) activity over corrugator and 

zygomatic muscle regions (to demonstrate reductions in facial expressions of emotion in 

the suppress group). 

This particular experimental design was selected for a variety of reasons. First, it 

allowed a rigorous test of the hypotheses that the emotion inhibition strategies that have 

been discussed would result in divergent responses. Support for the hypotheses required 

that divergent responses to the emotional stimuli exceed the responses that should be 

more appropriately attributed to the emotion itself. To meet this objective, participants 

viewed pictures that elicit emotional responses both in the presence and in the absence of 

an instruction regarding whether and how to diminish one facet of their emotional 

response, and an emphasis was placed on evaluating whether the magnitude of change 

between these two conditions was predicted by the regulatory strategy being used. 

Additionally, this goal was accomplished in tandem with the ability to assess the role of 

the frontal lobes in effortful emotion regulatory strategies as well as the ability to detect 

fine-grained expressive reactions that may be imperceptible to observational coding 

schemes. 
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METHOD 

Participants 

Sixty female participants (20 per experimental condition) were recruited via sign

up sheet through the undergraduate psychology student subject pool. The majority of 

participants were Caucasian (81.7%), however membership in Hispanic (13.3%), African 

American (1.7%), and multiracial (3.3%) ethnicities were represented. Potential 

participants were required to be female, extremely right-handed, as assessed via the 

Chapman Handedness Inventory (Chapman & Chapman, 1987), and non-depressed, 

operationalized as scoring lower than 10 on the Beck Depression Inventory (BDI; Beck, 

Ward, Mendelson, Mock, & Erbaugh, 1961). In addition, potential participants were 

excluded for the following: current pregnancy; previous head injury leading to loss of 

consciousness; previous illness or injury affecting facial musculature; seizures, strokes, or 

other CNS disorder, and use of psychotropic medications. Participants meeting all 

criteria were invited to participate in the psychophysiological component of the study, 

and were randomly assigned to one of three groups. 

Stimulus materials and procedures 

To induce emotional experiences in the laboratory, this work relied on use of 

pictures selected from the International Affective Picture System (lAPS; CSEA-NTMH, 

1999). Normative data regarding the effect of these pictures on the valence of 

participants' subjective emotional experience (pleasant to unpleasant) and degree of 

subjective arousal (high to low) have been systematically identified by the CSEA-NIMH 

research group (Lang, Bradley, & Cuthbert, 1999). However, recent studies examining 



25 

emotional inhibition have more often taken a discrete emotions perspective (e.g.. Gross & 

Levenson, 1993; Gross & Levenson, 1997) such that film stimuli were chosen that 

represented particular discrete categories of emotional responding (e.g., disgust, 

amusement) instead of the bivalent tactic of the Lang et al group. Thus, for the current 

study, preliminary data were collected to identify two equivalent sets of pictures for 

which the primary emotions elicited were disgust, happiness, and neutrality. This was 

done for three reasons: (1) to maximize the ability to compare results of this study with 

those of previous emotion inhibition studies. (2) to retain the ability to select emotionally 

provocative visual stimuli with well-established normative properties, and (3) because 

data have been reported suggesting that different discrete emotions falling in the same 

end of the valence continuum (i.e., pleasant or unpleasant) are associated with different 

patterns of autonomic activity (e.g., Ekman. Levenson. & Friesen, 1983). To accomplish 

this objective, one hundred sixteen male and female introductory psychology students 

were asked in groups to view a selection of pictures selected from the lAPS that were 

projected on a slide screen. For each picture they rated the extent to which they 

experienced seven discrete emotions in response to the pictures, happiness, sadness, 

anger, disgust, surprise, fear, and love, all on 9-point Likert-type scales. These 

participants also provided valence and arousal ratings for each picture consistent with 

Lang et al.'s methodology. 

Using the ratings provided by the females in the sample above, three groups of 26 

pictures were selected for use in the psychophysiological portion of the study. One group 

elicited significantly higher levels of disgust than any of the other 6 discrete emotions 
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that panicipants rated, another group elicited significantly higher ratings for happiness 

than any of the other discrete emotions, and the final group of twenty-six pictures were 

neutral such that they yielded low ratings (mean less than 1.8 on 9-point Likert-type 

scale) for all seven discrete emotions. Each of the three groups of twenty-six similarly-

valenced pictures was then divided in half to create two blocks of thirteen pictures that, 

within the same valence category, were equivalent with respect to ratings of the degree of 

subjective arousal. What resulted were two picture sets each of which comprised three 

blocks of pictures, one block of 13 neutral pictures, one block of 13 disgusting pictures, 

and one block of 13 happy pictures. Appendix A reports the means and standard 

deviations of the ratings that were made by the females in this stimulus selection sample 

for the pictures that were shown in the psychophysiological portion of the study. 

After providing informed consent for their participation, participants were 

prepared for physiological recording. As the preparation was completed, participants 

completed the following questionnaires: the Positive and Negative Affect Scale (PANAS; 

Watson, Clark. & Tellegen, 1988), the Harvard Parental Caring Scale (Russek & 

Schwartz. 1997), the Marlowe-Crowne Social Desirability Scale (MC-SDS; Crowne & 

Marlowe. 1964), the Eysenck Personality Questionnaire (Eysenck & Eysenck, 1975), and 

the trait version of the State-Trait Anxiety Inventory (STAI; Spielberger. Gorsuch, & 

Lushene, 1970). Next, they were escorted to a sound-attenuated chamber dimly-lit (25-

watt light) where they were seated in the upright position in a recliner. Aside from the 

chair, this chamber contained a 19" color monitor, speakers mounted on the walls, and a 

closed-circuit video camera. The speakers and camera allowed the experimenter to 
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maintain audio and video links with participants. Participants were not videotaped during 

the protocol, and were informed of such once situated in the experimental chamber. 

Resting physiological data were recorded for a total of eight minutes, four with eyes 

closed and four with eyes open in one of two counterbalanced orders (OCCOCOOC, or 

COOCOCCO). Following collection of resting physiological data, picture presentation 

was initiated on the 19" color monitor with participants seated approximately 1.75 meters 

from the screen. All pictures were digitized and presented via computer using DMDX 

stimulus presentation software (Forster, J.C. & Forster, K.I., University of Arizona). 

Pnor to viewing the first set of pictures, the following instruction was presented to 

all participants; 

•'In this study, we are interested in how people respond to pictures that represent a 
lot of different events that occur in life. For about the next 20 minutes, you will 
be looking at different pictures projected on the screen in front of you. After you 
view the picture sets, we will be asking you to rate them in terms of how they 
made you feel at various times throughout the task. You will be using the number 
pad on the keyboard to make your responses. There are no right or wrong 
answers, so simply respond as honestly as you can. If at any time during this 
experiment you decide that you do not want to participate, please let us know." 

An explanation of the use of the rating scales was then given followed by 

additional instructions as follows: 

"Some of the picture sets may prompt emotional experiences while others may 
seem relatively neutral. Your rating of each picture set should reflect your 
immediate personal experience, and no more. Therefore, please rate each set as 
you actually felt while you watched it. We'd like you to focus your gaze on the 
screen at all times so you're prepared to view the next picture. Also, look at each 
picture for the entire time it is presented. It is important that you view the pictures 
carefully, but if you find them to be too distressing, just say 'Stop'." 
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The picture sets were presented in counterbalanced order, and each picture was 

presented for a total of 12 seconds with an interstimulus interval of one second. 

Panicipants rated their experience of seven discrete emotions (disgust, happiness, anger, 

sadness, surprise, fear, and love) as well as the valence (pleasant to unpleasant) and 

arousal (exciting to calm) of their emotional experience at the end of each of three blocks 

of 13 similarly valenced pictures (neutral, disgusting, or happy). Within each emotion 

block, the pictures were presented in random order so as to control for order effects 

within valence blocks. In addition to controlling for carryover effects from one emotion 

category to the next, presenting all pictures of the same valence in the same block 

provided an opportunity for this study to more closely mirror the design of recent studies 

by Gross and colleagues who used emotional tllms rather than static pictures for emotion 

induction. To counteract confounding of findings by systematic order effects in 

responses to the disgusting and happy pictures, the order in which disgust and happy 

emotion blocks were presented was counterbalanced across groups and time. However, 

the neutral block was always shown first to ensure that carryover from emotionally 

charged pictures did not impact responses to the neutral pictures. 

Design 

This study used a mixed factorial design in which participants were randomly 

assigned to one of three groups. The three groups were equivalent with respect to age 

(F<1, £>. 10) and ethnicity (xi=5.036, df=6,2>-50). In addition, groups did not differ 

from one another in scores on the Beck Depression Inventory (F(2,57)=l.246, £>.29). 

Appendix A presents a verbatim transcript of the instructions that were provided to each 
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group. In brief, one group of participants was instructed to behave in such a way that 

somebody watching them would not know they were feeling anything, i.e., to suppress 

what they were feeling while viewing the pictures (herein referred to as the "Suppress"' 

group). The other experimental group was instructed to think about the pictures in such 

a way that they would not experience the target emotion—to reappraise the meaning or 

significance of what they were seeing (herein referred to as the "Reappraise" group). 

Participants in the Control group were simply instructed to view the pictures carefully, 

without any instruction provided regarding modulation of their responses. 

The primary dependent variables were alpha power over the frontal, temporal, and 

parietal regions of the cerebral cortex, hemispheric activation asymmetry scores at those 

same cortical regions, cardiac activity, electrodermal activity, and finger temperature. 

Other dependent variables, included in order to assess the success of the experimental 

manipulations, included subjective ratings of emotional experience, and degree of 

unilateral electromyographic activity over the corrugator and zygomatic muscle regions. 

Data collection and processing 

Subjective ratings of experienced emotion. 

After each block of pictures, participants were asked to provide ratings of their 

subjective emotional experience in response to the entire block of pictures. The blocked 

format represents a departure from the procedure typically used by Lang and colleagues 

in which pictures are shown for 6 seconds each with time set aside in between to collect 

ratings of emotional experiencing. The blocked format has been shown, however, to 

elicit similar ratings, EMG patterning, and emotion-modulated startle responses (Sutton, 
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Davidson. Donzella, Irwin, & et al., 1997), and it has the added benefit of allowing for 

the recording of longer epochs of continuous EKG activity uninterrupted by a rating task 

between picture presentations. Participants first provided ratings of the valence of their 

emotional experience (from pleasant to unpleasant) and arousal (high to low) presented in 

random order using the Self-Assessment Maniidn (SAM; Bradley & Lang, 1994). The 

SAM scales were presented on the monitor with participants recording their responses via 

the number pad on a keyboard that was placed in their lap for that purpose. After making 

the SAM scale ratings, participants were then faced with a series of individual 9-point 

Likert-type scales that assessed their experience of 7 discrete emotions as follows: 

disgust, fear, sadness, anger, happiness, surprise, and love. These scales were presented 

in random order for each rating episode. Participants provided their response via the 

number pad on the keyboard, and were prompted to press the space bar to continue to the 

next rating. 

After viewing the second set of pictures, which corresponded to the 

implementation of whatever instruction corresponded to their group assignment, 

participants were asked to rate their perception of how difficult it was for them to follow 

the instructions that were given prior to pictures, how successful they felt they were in 

accomplishing the goals of the instruction they were given, and how hard they tried to 

follow the instruction'. These ratings were made on 10-point Likert-type scales which 

' Despite the passive nature of their task. Control participants were asked to make these ratings along with 
the two experimental groups in order to equate the rating requirements of participants across groups. For 
all participants, instructions prior to the collection of the ratings of perceived difficulty, effort, and success 
were preceded by a statement describing their task. For Controls, this statement was as follows: "Your 
task was to view the previous pictures carefully." For Reappraise; "Your task was to think about what you 
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were presented via the monitor in random order with responses again being recorded via 

number pad presses. 

Facial electromvographic (EMG) activity. 

Facial muscle region activity was measured unilaterally using Ag/AgCl electrodes 

placed over the left corrugator and zygomatic muscle regions, each in bipolar 

configurations. The areas over which these electrodes were placed were swabbed with 

rubbing alcohol, and then gently abraded using Omni-Prep to reduce the surface 

impedances to less than 5 kOhms. Signals were amplified 5,000 times, bandpass filtered 

from .1-300 Hz, and digitized at 512 Hz with an online notch filter to eliminate 60 Hz 

noise. All data were visually screened for movement and muscle artifacts which were 

removed from further analysis, and then high-pass filtered offline (half-amplitude 

frequency = 10 Hz) and rectified. 

For the resting baseline period, each of eight I-minute segments were divided into 

119 2-second epochs overlapping by 75%. EMG spectral power values were first 

averaged across epochs within minute and eye condition thereby yielded 8 averages. 

Power was then averaged across the 8-minute baseline period (weighted by the 

percentage of epochs included) and summed to create one resting baseline EMG spectral 

power value for each participant. For the data that were recorded during picture 

presentation, separate EMG spectral power averages were computed within each valence 

category (disgust, happy, neutral) and experimental period (pre- versus post-

manipulation) yielding 6 averages per participant, each of which was z-transformed 

were seeing in such a way that you wouldn't feel anything at all." For Suppress: "Your task was to behave 
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within subjects for each muscle region to reduce irrelevant between-subject variability, 

but retaining the pattern of response within subjects. 

Electroencephalographic (EEG) activity. 

Each participant was fitted with a stretch-lycra electrode cap (Electrocap 

International. Eaton, OH), which contained tin electrodes distributed in accordance with 

the International 10-20 System. Electrode cups were filled with a 3:1 mixture of Electro-

gel to Omni-Prep conductive preparation and sites were gently abraded to reduce 

interelectrode impedances to less than 5 kOhms. with homologous sites reduced to less 

than 1 kOhm deviation from one another. EEG signals were recorded at a sampling rate 

of 512 Hz using a Grass Instruments Model 12 polygraph (Quincy. MA) from twenty-

four sites (Fz. Pz. FPL FP2, F3. F4, F7, F8, FTCL FTC2, C3, C4, P3. P4, TCPl, TCP2. 

T3, T4. T5. T6, 01. 02. AL A2) referenced on-line to Cz and recorded with Grass AC 

differential amplifiers (bandpass O.I to 300 Hz) at a gain of 20,000. Offline references 

were derived for the whole head average (AR) and computer-linked mastoids (LM). For 

detection of eye movements, electrooculographic (EOG) free tin electrodes were attached 

to right superior and inferior orbits directly above and below the pupil of the right eye at 

a distance equal to 20% of the nasion - inion distance. 

Subsequent to data collection, all data were visually screened for movement and 

muscle artifacts, which were removed from further analysis. The data were then 

subjected to a computer-based blink rejection technique in which epochs with activity 

exceeding amplitudes greater than +/- 2 standard deviations within subjects were 

so that someone watching you would not know that you were feeling anything at all." 
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removed as well. Because findings in the emotion and EEG cortical asymmetry literature 

are inconsistent with respect to the reference schemes used, the EEG averages were 

derived from a total of three reference schemes. In addition to the on-line Cz reference, 

the EEG signals were re-referenced off-line using both the whole head Average (average 

of activity at all sites) and Computer-Linked Mastoids references (average of activity 

occurring at the two inactive sites, AI and A2). 

For the resting baseline data, in which subjects sat quietly while eight 1-minute 

baseline EEG recordings were taken, each l-minute segment was divided into 119 2-

second epochs overlapping by 75%. A Fast Fourier Transform (FFT). using a Hamming 

window, was used to decompose the signal into its constituent frequency bands, with the 

focus of this study being activation in the alpha band (8-13 Hz), the frequency band in 

which prior studies have consistently demonstrated emotion effects. The 8-minute 

baseline was divided into I-minute segments in order to allow computation of internal 

consistency alpha coefficients. After that, EEG spectral power averages in the 8-13 Hz 

alpha band were first computed within eye condition (open or closed), weighted by 

number of artifact-free epochs. Then, total spectral power during the 8-minute resting 

period was computed by averaging the two eye condition variables. For the data that 

were recorded during picture presentation, separate spectral power averages were 

computed within each valence category (disgust, happy, neutral) and experimental period 

(pre- versus post-manipulation) yielding 6 averages per participant per channel. All 

resulting variables were natural log-transformed to normalize their distributions. 
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This study concentrated on three aspects of EEG activity. First, because it was 

hypothesized that instructions to suppress outward expressions of emotion would result in 

greater anterior cortical activation, alpha power at the frontal pole (FPl, FP2). midfrontal 

(F3. F4), frontal-temporal (FTCI. FTC2), lateral frontal (F7, F8), and anterior temporal 

(T3. T4) regions was evaluated. Second, as a result of hypotheses suggesting that 

instructions to downregulate experiential and expressive responses may result in 

accentuations of the extent of asymmetrical activation in these regions, hemispheric 

activation asymmetry scores (In power Right minus In power Left) were computed for 

homologous sites in the alpha band. It has been suggested that a decrease in alpha 

activity may reflect greater neural activation in underlying regions (Davidson, Chapman, 

Chapman. & Henriques, 1990). With that in mind, a positive asymmetry score, in which 

there is more alpha activity on the right than on the left therefore indicates relatively 

greater left than right activation. Conversely, a negative asymmetry score in which there 

is more alpha activity on the left than on the right indicates greater right than left 

hemisphere activation. Finally, a third measure was within-subjects variance in EEG 

activation asymmetries across the differently valenced presentations. This measure was 

developed as a way of testing the alternative hypothesis suggesting that relative to the 

other two instruction sets, the Reappraise manipulation might result in attenuations of 

emotion-modulated asymmetric activation, presumably due to reductions in the 

experience of target emotions. Asymmetry variance scores were computed for each 

picture viewing period by creating a within-subjects mean for each asymmetry score 

across the three valence categories. Then, the sum of squared deviations from this mean 
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was computed for each valence and divided by three". This method allowed an answer to 

the question of whether the instructions caused increased or decreased variability in 

responses around the valence categories. 

Electrocardiographic (EKG) activity. 

EKG activity was recorded at 512 Hz using Grass AC differential amplifiers 

(bandpass O.l to 300 Hz) at a gain of 5,000 with an online 60 Hz notch filter in place. 

Using a bipolar limb lead arrangement, Ag/AgCl electrodes were situated on the right and 

left inner forearms after preparation with rubbing alcohol. EKG measures of interest 

were determined for each l-minute segment of the total 8 minute baseline recording 

period, and for each 156-second block of pictures that were presented both pre- and post-

manipulation. Data from the one-second periods between pictures were included as well 

so as to provide a continuous interval of 168 seconds, which is long enough to provide 

reliable indices of (1) heart rate, (2) low frequency heart rate variability (LFHRV), and 

(3) respiratory sinus arrhythmia (RSA). These measures were obtained using the Porges-

Bohrer Filter within MXEdit software (Delta-Biometrics, Inc., Bethesda. MD). This 

software derives LFHRV and RSA indices by applying a moving polynomial filter to the 

continuous cardiac interbeat interval signal, and then extracting activity falling within the 

.05 - .12 Hz (LFHRV) and .12 - .40 Hz (RSA) frequency bands (Forges & Bohrer. 1990). 

The LFHRV index is sensitive to both sympathetic and parasympathetic influences on the 

heart while RSA is more sensitive to cardiac vagal control (Bemtson et al., 1997). 

" Mean = (happy + disgust + neutraI)/3; Variance = ((happy-mean)' + (disgust-mean)" + (neutral-mean)")/3 
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Electrodermal (EDA) activity. 

EDA was recorded at 100 Hz at a gain of 10 microSiemens(|i,S)/Volt using the 

Biopac MP 100 system with GSRIOO amplifier (Biopac Systems, Inc., Santa Barbara. 

CA). Two 12 mm Ag/AgCl leads were filled with a 0.9% M NaCl in Unibase paste 

(Lykken & Venables, 1971) and then placed on the palmar surface of the middle 

phalanges of the first and third fingers after briefly swabbing with a rubbing alcohol prep 

pad. A constant voltage of 0.5 volts was applied across the two electrodes. Off-line, 

anifact-free signals were low-pass filtered (cut-off frequency = 0.7 Hz) and down-

sampled to 20 Hz before parameter extraction in order to maximize the signal-to-noise 

ratio. An automated routine (van Reekum & Johnstone, 2000) enabled the scoring of the 

number and amplitudes of skin conductance responses (SCR), as well as skin 

conductance level (SCL), within each 12-second trial. For all skin conductance metrics, 

average values were computed separately for each block of pictures both pre- and post-

manipulation. and were square root transformed to normalize the distributions (Dawson, 

Schell, & Filion, 2000). 

An SCR was scored when the increase in skin conductance level exceeded 0.05 

jxS. and the increase started no earlier than 1 second after stimulus onset (Dawson, Schell, 

& Filion, 2000). Skin conductance amplitude (SCA) was computed by averaging the 

amplitudes for all SCRs by subject and by trial, with nonresponses coded as missing data. 

Skin conductance magnitude (SCM) was computed by averaging the amplitudes for all 

SCRs by subject and by trial, with nonresponses assigned a magnitude of 0.00 ̂ S. Mean 
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SCL was computed after the elimination of all phasic SCRs from each trial, and SCR rate 

by dividing the number of responses by the total number of artifact-free I2-second trials. 

Finger temperature (FT). 

FT (degrees Fahrenheit) was recorded at 100 Hz with a gain of 2.5°F/Volt using 

the same Biopac system noted above plus the SKTIOO amplifier and a surface 

temperature banjo probe (Santa Barbara, CA). The surface temperature sensor was taped 

in place on the distal phalange of the left middle finger. An automated scoring routine 

(van Reekum & Johnstone, 2000) was used to index mean finger temperature and slope 

after first low-pass filtering the data (cut-off frequency = 0.2 Hz) to remove high 

frequency line noise. Average values for these two metrics were computed for each 

block of pictures that were presented, both pre- and post-manipulation thus yielding six 

averages per metric per participant. 

Analytic strategy 

Data analyses for this study were conducted in three phases as follows: (1) 

assessment of reliability, (2) determination of experimental manipulation success, and (3) 

hypothesis testing. 

Internal consistency (Cronbach's alpha) was computed for the EEG and EMG 

variables across the entire resting baseline period such that each of the eight one-minute 

segments of data were treated as items. Internal consistency coefficients were also 

computed for the EEG asymmetry scores and the EMG variables within each picture 

viewing period by valence, treating eight discrete segments as items. These eight items 

emerged by crossing four 3-second chunks of data within picture presentation with the 
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two halves of each valence block (the first seven pictures or second six pictures). No 

reliability analyses were conducted on the self-report ratings of subjective emotional 

experience because each facet of experience that participants were asked to rate consisted 

of only one item. In addition, reliability analyses were not conducted on the skin 

conductance or finger temperature metrics due to limitations in the current versions of the 

scoring routines that were implemented. 

To evaluate both the success of the experimental manipulations and the impact of 

inhibiting affective responses to pictures, a series of GLMs for repeated measures were 

performed with the between-subjects factor of Group (control / reappraise/ suppress) and 

the within-subjects factor of stimulus Valence (disgusting / happy / neutral). For all 

analyses examining EEC activity, an additional within-subjects factor was Region 

(frontal pole / midfrontal / lateral frontal / anterior temporal / parietal). For analyses 

examining individual EEC sites, an additional within-subjects factor was Hemisphere 

(left / right)^. 

Multivariate tests reaching a level of £<.05 using Pillai's trace (V; Keselman, 

1998) were considered significant. Analyses reaching an alpha criterion of 2<. 10 were 

considered marginally significant and were also explored. Significant multivariate tests 

were interpreted using the method of simple main effects (Winer, Brown, & Michels, 

1991) such that the group main effect was evaluated within each level combination of the 

independent variables. To interpret these analyses, linearly independent pairwise 

' The analyses involving individual sites examined alpha power in frontal and temporal regions, and 
excluded parietal regions. This was because no a priori predictions were made regarding alpha power in 
the parietal regions. 
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comparisons between groups were examined when tests of the simple main effects 

reached an alpha criterion of 2<.l0. The Filial values are reported as are the approximate 

F test statistics. 

For each dependent measure, change scores were computed such that values 

represent the extent to which activity increased or decreased relative to passive viewing 

of affective stimuli. Use of change scores afforded the opportunity to discern direction of 

change in addition to being able to assess whether the magnitude of change in variance or 

activity differs as a function of group assignment and eliminates the problem of possible 

pre-manipulation group differences in the dependent measures. When questions arose 

regarding sensitivity of a measure to the valenced pictures that were presented. GLMs for 

repeated measures were computed testing the Valence main effect in which Time (pre- / 

post-manipulation) was treated as a within-subjects factor. 

To examine the importance of trait-like asymmetry in predicting facility for 

downregulation of affective responses, multiple regression analyses were conducted in 

which resting asymmetry scores at frontal and anterior temporal regions were predictors 

of mean change in facial muscle activity measures. The facial muscle activity measure 

was selected because it was the most robust in terms of demonstrating the success of both 

of the experimental manipulations. Since the direction of findings on this measure was 

largely equivalent for the two groups when investigating whether or not the 

manipulations were successful, modulation of the relationship between resting 

asymmetry and facial muscle activity by group assignment could reasonably be attributed 

to processes other than a diminution of facial afference. It was hypothesized that because 
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inhibition of affective responses would be more prevalent in the two experiniental groups 

relative to the control group, in which no instruction regarding regulatory strategies was 

provided, there should be an interaction between resting asymmetry and group 

assignment. Group assignment was, therefore, contrast-coded into two new variables, 

one representing the comparison of control (-1) versus experimental (both Suppress and 

Reappraise = +0.5) manipulations, and the other representing the comparison between the 

two experimental groups (Suppress = -I and Reappraise = +1) excluding Controls (0). 

The interaction term comprised the product of the two group assignment contrasts and 

each resting asymmetry variable (Cohen & Cohen, 1983). A regression analysis was 

conducted for each dependent variable reflecting mean change in facial muscle activity 

over corrugator and zygomatic regions. On the first step, the two group contrasts were 

entered, and on the second step, five resting anterior asymmetry scores were entered 

(FPl/2, FTC 1/2, F3/4, T3/4, and E^/8). In the third and final step of these regression 

analyses, all ten of the interaction terms were entered in to the equation. Separate 

analyses were computed for each of the three stimulus valences and three EEG reference 

schemes. 
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ELESULTS 

Internal consistency 

As Table 1 demonstrates, alpha power at each of the 10 individual EEG sites was 

measured reliably during the resting baseline recording for each of the three reference 

schemes at midfrontal {F3, F4), frontal temporal (FTCl, FTC2), lateral frontal (F7, F8), 

frontal pole (FPl, FP2), anterior temporal (T3, T4), and parietal (P3, P4) sites. 

Cronbach's alpha coefficients across reference schemes ranged from 0.96 to 0.98 with a 

median of 0.97 for the 10 individual EEG channels. A similarly high level of reliability 

was found for the hemisphere asymmetry scores calculated for these same sites, ranging 

from 0.83 to 0.98 with a median of 0.93. Internal consistency coefficients calculated for 

EEG asymmetry scores were reasonably. Alpha within each stimulus valence ranged 

from .59 to .94 with a median of .84 before and after the manipulation (see Table 2). 

Table 3 presents the internal consistency coefficients for the corrugator and 

zygomatic facial EMG measures, both of which also showed excellent reliability. During 

the resting baseline, corrugator activity showed an internal consistency of .96. and 

zygomatic activity was reliable at .83. During baseline picture viewing, internal 

consistency coefficients ranged from .94 to .995. with a median of .98 across the two 

regions and three valence categories. During picture viewing that occurred after the 

experimental manipulation had been delivered, coefficients ranged from .92 to .996. with 

a median of .98. 
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Table 1. Internal consistency coefficients for individual EEG sites and 
asvmmetrv scores during 8-minute resting baseline. 

Individual Sites AR 

Reference Schemes 

CZ LM N 

FPl 0.97 0.97 0.96 49 median 0.97 

FP2 0.97 0.97 0.96 50 min 0.96 

F3 0.98 0.98 0.96 50 ma.\ 0.98 

F4 0.98 0.98 0.96 50 

FTC I 0.97 0.98 0.96 50 

FTC2 0.97 0.98 0.96 50 

F7 0.97 0.97 0.96 50 

F8 0.97 0.97 0.96 50 

T3 0.98 0.98 0.97 50 

T4 0.98 0.98 0.97 50 

P3 0.98 0.98 0.97 50 

P4 0.98 0.98 0.97 50 

Asvmmetrv Scores AR CZ LM N 

FP1/FP2 0.88 0.98 0.94 49 median 0.93 

F3/F4 0.88 0.91 0.83 50 min 0.83 

FTC 1/FTC2 0.94 0.93 0.92 50 ma,\ 0.98 

F7/F8 0.94 0.92 0.94 50 

T3/T4 0.91 0.91 0.93 50 

P3/P4 0.91 0.90 0.89 50 
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Table 2. Internal consistency coefficients for EEG asymmetry scores during picture 
viewing. 

Neutral Pictures 
AR CZ LiM 

Alpha N Alpha N Alpha N 
Baseline 
F3/4 0.64 30 0.65 30 0.84 30 median 0.82 
F7/8 0.84 30 0.78 30 0.92 30 min 0.64 
FPl/2 0.72 29 0.80 29 0.70 29 max 0.92 
FTC 1/2 0.89 30 0.81 30 0.83 30 
P3/4 0.88 29 0.86 29 0.81 29 
T3/4 0.88 29 0.78 29 0.92 29 
Instruction 
F3/4 0.74 37 0.64 37 0.88 37 median 0.85 
F7/8 0.86 37 0.78 37 0.94 37 min 0.64 
FPl/2 0.78 35 0.86 35 0.83 34 max 0.94 
FTC 1/2 0.84 37 0.74 37 0.85 37 
P3/4 0.87 37 0.87 37 0.82 37 
T3/4 0.86 36 0.77 36 0.89 36 
Happy Pictures 

AR CZ LM 
Alpha N Alpha N Alpha N 

Baseline 
F3/4 0.77 33 0.64 33 0.86 33 median 0.84 
F7/8 0.88 33 0.85 33 0.93 33 min 0.64 
FPI/2 0.76 32 0.78 32 0.85 32 max 0.93 
FTC 1/2 0.82 33 0.84 33 0.80 33 
P3/4 0.84 32 0.88 32 0.78 32 
T3/4 0.91 32 0.89 32 0.92 32 
Instruction 
F3/4 0.67 35 0.59 35 0.76 35 median 0.77 
F7/8 0.75 35 0.62 35 0.91 35 min 0.59 
FPl/2 0.77 33 0.76 33 0.89 32 max 0.91 
FTC 1/2 0.84 35 0.80 35 0.76 35 
P3/4 0.82 35 0.86 35 0.72 35 
T3/4 0.78 34 0.72 34 0.85 34 
Note; AR=Average reference; CZ=Cz reference; LM=Computer Linked Mastoids 
reference 
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Table 2 - Continued 
Internal consistency coefficients for EEG asymmetry scores during picture viewing. 

Disgusting Pictures 
AR 

Alpha N 
CZ 

Alpha N 
LM 

Alpha N 
Baseline 
F3/4 0.66 37 0.71 37 0.82 37 median 0.82 
F7/8 0.79 37 0.75 37 0.89 37 min 0.66 
FPl/2 0.80 36 0.80 36 0.73 36 max 0.89 
FTCl/2 0.85 37 0.83 37 0.84 37 
P3/4 0.86 36 0.81 36 0.79 36 
T3/4 0.84 36 0.83 36 0.89 36 
Instruction 
F3/4 0.73 37 0.75 37 0.87 38 median 0.87 
F7/8 0.92 37 0.87 37 0.94 38 min 0.73 
FPl/2 0.86 35 0.92 35 0.87 35 max 0.94 
FTC 1/2 0.89 37 0.87 37 0.88 38 
P3/4 0.87 37 0.85 37 0.84 38 
T3/4 0.84 36 0.82 36 0.91 37 
Note: AR=Average reference; CZ=Cz reference; LM=Computer Linked Mastoids 
reference 
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Table 3. Internal consistency coefficients for facial EMG activity. 

Resting Baseline Alpha N 

Corruaator 0.962 55 
Zygomatic 0.832 56 

Baseline Picture Viewing Alpha N 

Corrusator 
Disgusting 0.992 58 median 0.983 
Happy 0.985 58 min 0.939 
Neutral 0.995 57 max 0.995 

Zvaomatic 
Disgusting 0.981 59 
Happy 0.976 59 
Neutral 0.939 59 

Instruction Picture Viewing Alpha N 

Corruaator 
Disgusting 0.995 60 median 0.980 
Happy 0.996 60 min 0.915 
Neutral 0.994 60 max 0.996 

Zvaomatic 
Disgusting 0.943 58 
Happy 0.966 58 
Neutral 0.915 58 
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Success of the emotion regulation manipulations 

In assessing the success of the Reappraise manipulation, a GLM for repeated 

measures was computed to assess for significant differences between groups in the 

magnitude of change in ratings of emotional experience. If a significant change was 

found, follow-up tests of simple main effects were computed to evaluate the hypothesis 

that Reappraise group participants would endorse lower levels of felt emotion compared 

to members of the Control and Suppress groups. A similar strategy was effected in 

assessing the success of the Suppress manipulation. The difference was that the 

dependent measure was facial muscle activity. If the initial GLM demonstrated 

significant differences in the magnitude of change in muscle activity, simple main effects 

were computed to test the hypothesis that Suppress group participants would show lower 

levels of facial muscle activity compared to members of the Control and Reappraise 

groups. 

Subjective ratings of experienced emotion. 

Success of the Reappraise manipulation would be revealed by a significant Rating 

X Group or Valence X Rating X Group interaction in which Reappraise participants 

report experiencing a subjective decrease in levels of affect (unpleasantness / arousal / 

disgust / happiness), possibly in a valence-specific manner, relative to the Control or 

Suppress participants. A multivariate GLM predicting subjective rating change scores 

from pre- to post-manipulation that confirmed a significant Valence X Rating X Group 

interaction (V=.774, F(12,84)=4.4I9, £<.001). The tests for simple main effects 

suggested that there were significant group differences in ratings on the SAM valence 
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scale (degree of pleasure to displeasure) and on ratings of disgust when participants 

viewed the disgusting pictures (F(2,46)=6.096, £<.01). In addition, when viewing happy 

pictures, group differences emerged in ratings on the SAM valence scale (F(2,46)=8.67l, 

g<.Ol). and also in ratings of happiness (F(2,46)= 14.875. £<.001). Neutral pictures did 

not reveal any group differences in subjective ratings of emotional experience. 

Inspection of pairwise comparisons to interpret the significant simple effects 

suggested that Reappraise participants reported experiencing a decrease in displeasure 

and a decrease in disgust in response to disgusting pictures, differences that were 

significantly different from Control participants (both ps<.00l) whose ratings of 

displeasure and disgust increased slightly (see Figure I). Like the Reappraise 

participants. Suppress participants also reported a decrease in displeasure and disgust. 

The decreased displeasure seen in Suppress participants was not significantly different in 

magnitude from that of Reappraise participants (£>.10), however, the Reappraise 

participants did report significantly larger decreases in disgust than did the Suppress 

participants (£<.0l; see Figures I and 2). In response to happy pictures. Reappraise 

participants reported increased displeasure and decreased happiness, with mean 

differences being significantly greater (both £s<.OI) compared to Suppress and Control 

participants who showed little change in these experiences from pre- to post-

manipulation picture viewing. The mild increase in reported disgust seen in Suppress 

participants when they were viewing happy pictures (see Figure 2) was marginally 

different in magnitude compared to Controls (£<.10) but not to Reappraise (£>.10). 
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Figure 1. Mean change in ratings of SAM valence (top) and arousal (bottom). These 
graphs depict change scores from pre- to post-manipulation. Note that positive scores 
on the valence scale represent feeling greater displeasure while negative scores 
indicate feeling greater pleasure. For the arousal scale, positive scores represent 
feeling more calm and negative scores indicate feeling more aroused. 
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Figure 2. Mean change in ratings of disgust (top) and happiness (bottom). These 
graphs depict change scores from pre- to post-manipulation. Note that positive 
scores indicate an increase in the emotion being rating while negative scores 
indicate a decrease. 
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Based on this overall pattern, it was concluded that the manipulation of emotional 

experience via cognitive reappraisal was successful. 

Facial EMG. 

Success of the Suppress manipulation would be revealed by significant Muscle 

(corrugator/ zygomatic ) X Group or Valence (disgusting / happy / neutral pictures) X 

Muscle X Group interaction effects on facial muscle acdvity change scores from pre- to 

post-manipulation. Indeed, the Valence X Muscle X Group interaction approached 

significance (V=.166, F(4,106)=2.405. 2= 054), the results of which are graphed in 

Figure 3. Simple main effects revealed significant between group differences for mean 

change in corrugator (F(2,53)=4.750, 2<-05) and zygomatic (F(2.53)=3.245, e< 05) 

activity when viewing disgusting pictures, and in zygomatic activity only when viewing 

happy pictures (F(2,53)=I7.092, £<.001). Results, depicted in Figure 3, showed that both 

Suppress and Reappraise groups evidenced decreased corrugator and zygomatic activity 

while Controls showed slight increases in both muscle regions when viewing disgusting 

pictures. The differences in muscle activity over both regions were significant for the 

two experimental groups compared to Controls (both £<.05). When viewing happy 

pictures, both Suppress and Reappraise groups evidenced decreased zygomatic activity 

while Controls showed virtually no change when viewing happy pictures. Again, the 

differences in zygomatic activity were significant for the two experimental groups 

compared to Controls (both £<.05). In the face of disgusting and happy pictures, no 

significant differences were found between the Suppress and Reappraise groups in the 

change in facial muscle activity, however as can be seen in Figure 3, mean change in 
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Figure 3. Mean change in corrugator (top) and zygomatic (bottom) muscle 
activity from pre- to post-manipulation. Note that positive scores indicate an 
increase in muscle activity over the region being measured while negative 
scores indicate a decrease in muscle activity. 



52 

muscle activity tended to be greater for Suppress than for Reappraise participants. As 

with the subjective ratings, neutral pictures did not elicit differences as a function of 

group assignment. This pattern of findings suggests that the Suppress experimental 

manipulation was largely successful. 

Overall success. 

Considering the impact of the two experimental manipulations on subjective 

ratings and facial EMG as a whole, it would appear that while the Reappraise 

manipulation largely resulted in concordant decreases in affective responses, the 

Suppress manipulation resulted in discordance between these two measures. This finding 

provides additional support for the success of the manipulations. Indeed, if participants 

were successful in reducing their emotional experience when using the reappraisal 

strategy, then there would be no emotion present to motivate expressive tendencies, and 

therefore an absence of measurable facial behavior. On the contrary, the literature 

examining the impact of inhibiting expressive behavior suggests that one is less likely to 

effect decreases in emotional experience when masking one's expressive behavior, thus 

the discordance between self-report and facial EMG met expectations for the Suppress 

manipulation. 

Effects of downregulation strategies on BEG activity 

The primary hypotheses regarding the effects of reappraisal and suppression 

inhibition strategies pertained to three measures of cortical electrical activity, each of 

which was measured using three different reference schemes: overall alpha power. 
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activation asymmetries, and within-subjects asymmetry variance scores. With regard to 

activation asymmetries, analyses addressed hypotheses regarding (I) the extent to which 

state-like changes in asymmetry are predicted by the particular strategy that participants 

invoked to reduce aspects of their affective responses as well as (2) the extent to which 

presumably stable trait-like anterior asymmetry would predict facility in reducing 

negative affect. Each of these measures will be treated in turn. 

Overall alpha power. 

It was hypothesized that greater decreases in alpha power (greater activation) as 

reflected in post- minus pre-manipulation change scores would be found over the anterior 

cortical regions of Suppress participants than over these regions in either the Reappraise 

or Control participants. This would be demonstrated by a significant main effect of 

Group, or a Valence X Group interaction. Indeed, a significant Valence X Group 

interaction was found for the Average reference (y=.299, F(4.84)=3.780, e<.OI), with the 

Cz and LM references following suit with marginal significance (Cz: V=.18I, 

F(4.84)=2.138, £<.09; and LM: V=.203, F(4,84)=2.370,2<-06). This was qualified by a 

significant Valence X Site X Group interaction for the Cz reference (V=.682, 

F(I6.74)=2.393, 2<.01), a result that was marginally significant for the Average reference 

(V=.513. F(I6.74)=1.597. £<.10), and nonsignificant for the LM reference (F<1). 

Tests for simple main effects revealed borderline significant group effects for the 

Average reference when participants viewed disgusting pictures at F3/4 (F(2,43)=3.I59, 

P=.052). and T3/4 (F(2,43)=3.171, g=.052), and marginal effects at FPl/2 

(F(2.43)=2.463, £<.10) and FTC 1/2 (F(2,43)=2.388, £=.104). Also using the Average 



54 

reference, neutral pictures elicited significant simple main effects of group at FTC 1/2 

(F(2.43)=4.865, E= 012) and T3/4 (F(2,43)=8.062, E= OOI), with a trend at F7/8 

(F(2.43)=2.4I8, 2=.101). The findings at FTC1/2 andT3/4 using the Average reference 

were marginally significant using the Cz reference (both 2S<.10)'*. Pairwise comparisons 

to interpret these simple main effects for disgusting and neutral pictures were examined 

for the Average reference. Because the simple main effects for happy pictures returned a 

nonsignificant F test for all three reference schemes, no follow-up analyses are reported 

in the ensuing paragraphs. 

Figure 4 depicts mean change in alpha power as a function of group assignment 

and frontal site. Focusing first on response to disgusting pictures (top left of Figure 4) in 

descriptive terms. Controls experienced increases in alpha power (decreased activation) 

across all five frontal sites from pre- to post-manipulation. Reappraise participants 

showed small mean increases in alpha at F3/4 and FTCl/2, and a decrease in alpha at 

T3/4. Suppress participants showed little change in alpha power across all five sites. 

Follow-up significance testing for the frontal and anterior sites that resulted in significant 

simple main effect tests revealed significant group differences in mean alpha power 

between Suppress and Control participants at F3/4 and FTC 1/2 (both £S<.05), with 

marginally significant effects at FPl/2 (£<.10) and T3/4 (g=.108). These findings 

supported the prediction that Suppress participants would show greater activation than 

Controls in the frontal and anterior temporal regions. Contrary to predictions, however, 

* The significant Valence X Site X Group interaction at Cz was largely driven by differences in alpha 
power by valence. These valence differences are not reported since they do not address the hypothesis 
being tested. 
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while it was expected that Suppress participants would show greater activation than those 

in the Reappraise group, equivalent levels of change in mean alpha power were found for 

Suppress compared to Reappraise (2s>.10). In addition, equivalent levels of change were 

also found between Reappraise and Control participants in all regions (£S>.10) except at 

T3/4 fp=.051) where Reappraise participants showed a mean decrease in alpha and 

Controls, on the other hand, showed a mean increase. 

Now focusing on responses to neutral pictures (bottom right of Figure 4). the 

pattern of change in alpha power suggested that Reappraise participants unexpectedly 

showed decreases in mean alpha power (increased activation) from pre- to post-

manipulation at F7/8, FTC 1/2, and T3/4 but Suppress and Control participants showed 

increases in alpha (decreased activation) at these same sites. Significant group 

differences emerged between Control and Reappraise participants at all three sites (F7/8: 

g<.05; FTC 1/2 and T3/4: ps<.01), and between Suppress and Reappraise participants at 

FTCI/2 (p<.OI) and T3/4 (£<.00l). Group differences in alpha power were not 

significant at FPI/2 or F3/4 when participants viewed neutral pictures (2s>.I0). 

Activation asymmetries: State-like changes due to inhibition strategy. 

The hypotheses regarding the effects of affective downregulation strategies on 

state-like changes in hemispheric activation asynrmietries suggested that participants in 

the Reappraise group would show increased left relative to right anterior activation 

compared to the Suppress and Control participants. Confirmation of the hypothesis 

would require a significant Region X Group, or Valence X Region X Group interaction 
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indicating a focal frontal group effect. On the contrary, for the AR and LM reference 

schemes. Reappraise, Suppress, and Control participants showed equivalent levels of 

change in activation asymmetries by Region, and by Region and Valence (all gs>.IO). 

A somewhat different story was told, however, by the Cz reference where there 

was in fact a significant Region X Group interaction (V=.426, F(I0,78)=2.109. £<.04). 

Follow-up simple main effects suggested that the significant omnibus result was driven 

by marginal differences at FPl/2 (F(2,42)=2.66l. 2<.10) and FTC 1/2 (F(2,42)=2.375. 

2<. 10). Contrary to predictions. Reappraise participants evidenced a shift towards greater 

relative right activation at FPl/2 from pre- to post-manipulation, but a shift towards 

greater relative 1^ activation at P3/4 over that same time period. Suppress participants 

showed the opposite pattern although as can be seen via inspection of mean change 

Cz reference 
2 

Group 

• CONT 

• REAP 

msupp 
FPl/2 ^/4 FW8 FTC1/2 P3/4 

Figure 5. Mean change in EEG activation asymmetries (Cz reference). Note that positive 
numbers indicate a change towards greater left than right activation while negative 
numbers signify greater right than left activation. 
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scores in Figure 5. the changes in asymmetry were lower. Borderline significant 

differences were found between Reappraise and both Control (2=.055) and Suppress 

(£=.050) participants at FPI/FP2. The same pattern was found at FTC1/FTC2 with 

marginally significant results (both 2S<.10). At P3/P4, the difference between mean 

asymmetry change scores for Reappraise and Suppress participants was marginally 

significant (£<. 10), with no differences noted between Reappraise and Control, or 

Suppress and Control participants. Figures 6 and 7 plot the changes in mean alpha power 

at FP1/FP2 (frontal pole) and P3/P4 (midparietal) regions separately for each hemisphere 

and picture viewing period (baseline or instruction) for the Cz referenced data. As seen 

in Figure 6. whereas the difference in levels of alpha between the two hemispheres is 

approximately the same during baseline and instructional picture viewing periods. 

Reappraise participants actually show a complete cross-over in levels of alpha in the left 

and right hemispheres at the frontal pole. Although it is not as striking, the opposite 

pattern occurs at P3/P4 (see Figure 7). 

The lack of moderating stimulus valence effects suggested it would be useful to 

examine whether there was any effects of Valence regardless of group assignment. 

Certainly the approach-withdrawal model of emotion would predict a Valence X Region 

interaction which would show greater left-than-right activation for the appetitively 

motivated happy pictures, and greater right-than-left activation for the disgusting 

pictures, of which both effects should be limited to anterior cortical regions. This 

interaction was not significant for any of the reference schemes, however, a main effect 

of Valence (across the pre- and post-manipulation picture sets) emerged for the LM 
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reference (V=.l70, F(2,40)=4.111,g<.05) unexpectedly revealed greater right-than-left 

activation for happy compared to disgusting pictures (£<.01), and also marginally for 

happy compared to neutral pictures (£<.10). Disgusting and neutral pictures resulted in 

relatively little hemispheric differences. The Valence effects for the Average and Cz 

references were nonsignificant (AR: V=.096. F(2,41)=2.175, 2>-10; Cz: V=.090, 

F(2.41 )=2,039, 2>-10)- Examining the means (see Figure 8) suggested that the Average 

reference showed a similar pattern except that both disgusting and happy pictures showed 

relative right activation. The Cz reference demonstrated greater relative left activation 

for all valences, with neutral pictures showing the greatest left activation followed by 

happy and then neutral pictures. 

Activation asymmetries: Trait-like resting asymmetry predicting abilitv to inhibit 

affective responses. 

It was hypothesized that individuals showing greater relative left-sided activation 

over anterior regions might be better than their right-activated counterparts at 

downregulating affective responses to the stimuli presented in this study. Such a finding 

would be demonstrated in a significant Resting Asymmetry X Group interaction in 

predicting change in facial muscle activity. Interestingly, no effects were found for 

disgusting or neutral pictures. However, when participants viewed happy pictures, the 

omnibus F test results suggested indeed that the model that included the group contrast by 

asymmetry interaction terms was significant for zygomatic activity at all three reference 

schemes (AR: F(17,53)=3.767,2<.001; Cz: F(i7,53)=2.736, £<01; LM: 
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F(17.53)=3.128,2<.01). An effect was also found for corrugator activity in response to 

happy pictures, a finding that will be described in a subsequent paragraph. 

Results are depicted in multiple panels in Figure 9 (panels a and b), which show 

the relationships between resting baseline asymmetry and mean change in facial EMG 

that were significantly modulated by group contrast. Note that the figure presents within-

group regression lines amongst individual data points that are unstandardized residuals. 

These residuals represent the variance that is left over in muscle activity after the main 

effects of the two group contrasts (control versus experimental, and suppress versus 

reappraise) and the main effects of resting asymmetry at the five anterior sites (FPI/2, 

FTC 1/2. F3/4. T3/4, and F7/8) have been partialled out. Thus, the data points and 

regression lines that are presented represent the true interaction according to Cohen and 

Cohen (1983), and are those that spring directly from the omnibus analyses. 

In Figure 9a, the results for resting asymmetry predicting zygomatic activity in 

response to the happy pictures are depicted. Attending for the moment to the midfrontal 

regions (F3/4; top left), it would appear that greater relative left activation was associated 

with greater decreases in zygomatic activity in Reappraise participants (blue ink) who 

were viewing happy pictures while greater relative right activation in this group was 

associated with greater increases in zygomatic activity. On the contrary, for the Suppress 

participants (green ink) greater relative left activation was associated with greater 

increases in zygomatic activity when viewing happy pictures, but greater right activation 

with greater decreases in zygomatic activity for these same pictures. Controls (red ink) 

tend to show no relationship between resting asymmetry and zygomatic activity. The 
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contrast between Suppress and Reappraise participants is significant (AR: B=-6.823, t= 

-2.425, g<.05) or nearly significant (Cz: B=-5.899, t=-l.794. £<.10; LM: B=-7.424, t= 

-1.912. £<.10) at all three reference schemes for this midfrontal region. It was also 

shown visually in the frontal temporal region (FTC 1/2; bottom left of Figure 9a), but this 

was not statistically significant (£s>.10). A somewhat similar pattern was found for the 

anterior temporal region (T3/4; AR: B=-1.488. t=-1.792,2<.I0; Cz: B=-2.805, t=-1.974, 

2<. 10). but less crossover of the two experimental groups was noted (see Figure 9a. top 

right). While, the Suppress group continued to evidence the pattern noted above, the 

Reappraise participants showed virtually no association with change in zygomatic 

activity. Significance was also found for the lateral frontal leads (F^/8; Figure 9a, bottom 

right) for the contrast between Controls versus the two experimental groups combined, 

however outlying data points may account for that association (AR: B=-3.488, t=-1.987, 

E<.10; LM: B=-4.989, t=-2.730, £<.05). 

The full model testing all main effects and the interactions between resting 

asymmetry in anterior regions and group contrasts was also significant when predicting 

corrugator activity in response to happy pictures, but these effects were limited to the LM 

reference (F(17.53)=2.155, £<.05). These are plotted in Figure 9b. For the midfrontal 

region (top left of Figure 14b), results suggested that greater relative left activation was 

associated with greater decreases in muscle activity in the corrugator region for the 

Suppress participants but greater increases in corrugator activity for the Suppress 

participants showing greater relative right activation. Again, the crossover relationship 

held such that Reappraise participants showed the opposite pattern, with greater relative 
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left activation being associated with greater increases in corrugator activity when viewing 

happy pictures, and greater right activation being associated with greater decreases in 

corrugator activity to these pictures. The interaction term for this comparison between 

Suppress and Reappraise participants at F3/4 was significant (LM; B= 14.448. t=3.936, 

2<,00i). Although the direction of findings was similar at FPl/2 for the AR and Cz 

reference schemes, the Suppress-Reappraise contrasts did not reach significance in either 

case (£s>. 10). For the LM reference, no trends emerged for modulation by group 

assignment (top right of Figure 9b). It was also significant at T3/4 (LM: B=3.507. 

t=2.776. however inspection of the regression lines suggests that this relationship 

does not actually hold at that region (see bottom left of Figure 9b). Instead, it appeared 

that greater relative left activation was associated with a greater increase in activity in this 

muscle region for both experimental groups whereas controls showed a negative 

relationship such that greater relative left activation resulted in decreased corrugator in 

response to the happy pictures. The Control-Experimental contrast for T3/4 did not reach 

significance, however the same pattern was found at FTC 1/2 (see bottom right of Figure 

9b). where the Control-Experimental group contrast reached marginal significance (LM: 

B=-10.182.t=-3.798,p<.10). 

Variance in activation asymmetries. 

Support for the alternative hypothesis—that the Reappraise manipulation would 

result in attenuations in valence-related asymmetries—would be found if the within-

subject variance in asymmetry scores around the three valence categories was 

significantly reduced in this group relative to the others. This would be demonstrated by 
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a significant Region X Group interaction, a hypothesis that was not supported. There 

were no reliable group differences in variance as a function of brain region, and no main 

effect of group assignment either (all £S>.IO). 

Autonomic effects of affective inhibition 

EKG. 

Regarding the effects of the Reappraise and Suppress manipulations on EKG 

activity, it was hypothesized that Suppress participants would show evidence of increased 

sympathetic activation of the cardiovascular system relative to the other groups, while 

Reappraise participants would show a decrease in this activity relative to the other 

groups. In three repeated measures GLMs. support would be found for this hypothesis in 

main effects of Group, or Valence X Group interactions when predicting mean change in 

LFHRV. RSA. and HR (Post- minus Pre-manipulation) difference scores as dependent 

measures. This hypothesis was not supported, as results revealed no differences between 

Control. Reappraise, and Suppress participants, all showing equivalent levels of change 

in the activity of these measures (all £S for main effects and interactions > .10). All three 

measures of cardiac activity are graphed in Figure 10. 

The lack of group effects was not due to the absence of an effect of these pictures 

on the cardiovascular system since there was a significant Valence main effect for RSA 

(V=.l 17. F(2,55)=3.647, £<.05), and for heart rate (V=.257, F(2,55)=9.521, £<.001) in a 

GLM conducted on the raw values for these measures, where Time (pre- versus post-

manipulation) was treated as a within-subjects factor. Regardless of group assignment, 

disgusting pictures resulted in slower heart rates (g<.001) and greater RSA (£<.05) 
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compared to neutral pictures. Moreover, disgusting pictures resulted in slower heart rates 

{p<.001), and greater RSA (£<.05) compared to happy pictures. Happy and neutral 

pictures evoked equivalent levels of RSA and HR activity (both £s>. 10). Valence effects 

did not emerge for LFHRV when treating time as a factor, but when assessing LFHRV 

responsivity during only the pre-manipulation presentation period, disgusting pictures 

evoked greater LfT€RV compared to neutral pictures (p<.05), and there was marginally 

greater Lf^HRV to happy pictures compared to neutral pictures (2<.10). LFHRV 

responses were equivalent for disgusting and happy pictures (£>. 10). 

EDA. 

Similar to the predictions for EKG measures, it was hypothesized that Suppress 

participants would show evidence of greater sympathetic activation in the electrodermal 

system relative to the other groups, while Reappraise participants would show a decrease 

in this activity relative to the other groups. There were five measures of EDA including 

amplitude, rise time to peak, magnitude, level, and response rate. Figure 10 presents the 

EDA results. Overall, there was a low number of SC responses; therefore the amplitude 

and rise time to peak measures have very low ns because of listwise deletion of cases 

(Control n=3; Reappraise n=9. Suppress n=6). Table 4 presents the percentages of 

participants within each group and valence category who were nonresponders. Five 

GLMs for repeated measures were computed to determine if the magnitude of change in 

each measure varied as a function of group. 
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Table 4. Percentage (%) of skin conductance nonresponders. 

Group 

Picture Viewing 

Baseline 

Condition 

Instruction 

Control 
Happy 30% 40% 
Neutral 50 55 
Disgusting 20 20 

Reappraise 
Happy 20 20 
Neutral 35 35 
Disgusting 15 25 

Suppress 
Happy 20 25 
Neutral 40 50 
Disgusting 10 20 

Amplitude and rise time to peak. 

Consistent with predictions, there was a borderline significant main effect of 

Group assignment on amplitude (F(2.15)=3.559, £=.054). This effect, depicted at the top 

of Figure 11. suggested that irrespective of stimulus valence. Reappraise participants 

showed marginally lower skin conductance response amplitudes compared to Control 

participants (£<.10), and significantly lower amplitudes compared to Suppress 

participants (£<.05). Suppress and Control participants showed equivalent skin 

conductance response amplitudes (£>.10). There was no moderation of group effects 

according to stimulus valence which prompted consideration of the main effect of 

stimulus valence on amplitude (V= .391, F(2,14)=4.492, £<.05). 
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Expected valence modulation occurred in part with disgusting pictures resulting in 

higher skin conductance response amplitudes compared to happy (£<.05) and marginally 

so for neutral (£<.10) pictures. Happy and neutral pictures prompted equal amplitude 

responses (£>. 10). With respect to rise time to peak skin conductance amplitude, there 

were no group differences, and no interaction of group assignment with stimulus valence 

(see bottom of Figure 11). Furthermore, there was no modulation of rise time to peak 

skin conductance response by stimulus valence (F<I, g>.10). 

Magnitude, level, and response rate. 

Group assignment did not modulate change in mean skin conductance response 

magnitudes, levels, or response rates (all group main effect and interaction 2S>.10). This 

was not due to any lack of sensitivity in these measures to the pictures given the 

significant Valence main effect for magnitude (V=.5l 1, F(2,52)= 27.118. £<001), level 

(V=. 117, F(2.52)= 3.443, £<.05), and response rate (V=.518, F(2.52)= 27.983, £<.001) 

when treating Time as a factor. Figure 11 documents that regardless of group 

assignment, disgusting pictures resulted in higher skin conductance response magnitudes, 

levels, and response rates than did happy pictures (£s<.00l. .05, and .01, respectively) or 

neutral pictures (£S<.001, .05, and .001, respectively). Furthermore, happy pictures show 

higher magnitudes (£<.0l) and response rates (£<.001) compared to neutral pictures, but 

equivalent skin conductance levels (£>.10)^. 

' The magnitude measure is confounded by frequency of discrete responses. The lower the number of 
discrete SCRs. the greater the number of zeros that will be coded in the magnitude variable, and thus the 
lower the overall magnitude mean (Dawson, Schell, & Filion, 2000). 
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Finger temperature. 

.^s an index of sympathetic activation of the cardiovascular system, it was 

anticipated that Suppress participants should show greater decreases in mean finger 

temperatures and also more negative slopes (i.e.. decreases in finger temperature over the 

course of each trial) relative to Reappraise and Control participants. Such results would 

be demonstrated by significant Group main effects, or Valence X Group interactions. 

With respect to finger temperature, neither of these effects were significant (2s>.I0). 

For temperature slope, on the other hand, a main effect of group emerged (F(2.53)=3.496, 

2<.05). Inspection of Figure 12 reveals that Suppress participants show more negative 

slopes from pre- to post-manipulation while Reappraise and Control participants, on the 

other hand, showed more positive slopes over the same time period. Significant 

differences in the magnitude of change observed emerged on finger temperature slope 

change scores for Reappraise compared to Suppress participants (2<.05), and for 

Suppress compared to Control participants (£<.10). 

The absence of a group effect on mean skin temperature and the marginal effects 

on finger temperature slope suggested that these indices may not have been sensitive to 

the stimuli presented in this experiment. Indeed, for skin temperature the Valence main 

effect was not significant (V=.038, F(2,52)=1.016, £>.10). Slope of temperature 

response, on the other hand, showed a borderline significant Valence main effect 

(V=.106. F(2.52)=3.073, £=.055) indicating that the disgusting pictures resulted in more 

negative slopes than the happy pictures (£<.05). Disgusting and neutral, and neutral and 

happy pictures were indistinguishable based on change in the slope of the temperature 



76 

response within trials (£s>.10). 
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DISCUSSION 

This study evaluated the effect of two different strategies for inhibiting responses 

to affective stimuli. One strategy entailed use of cognitive reappraisal to discourage felt 

emotional experience, while the other involved masking of spontaneous expressive 

tendencies. The effects of these strategies were robust in terms of subjective emotional 

experience and facial muscle activity. The effects were more variable but no less 

interesting in the central and peripheral physiological domains. 

Effects on overall frontal activation 

Modest support for the prediction of greater activation over the frontal cortices in 

response to the suppression manipulation compared to the passive viewing manipulation 

was found when participants viewed disgusting pictures. However, it was not the case 

that suppression resulted in decreased alpha power, but rather that passive viewing 

resulted in increased alpha power in the face of the negatively valenced images. 

Reappraisal also resulted in slight increases in alpha, but the differences in mean levels of 

alpha between this and the other two groups were not significant. On the other hand, in 

the face of neutral stimuli, reappraisal led to decreased alpha power while suppressing 

facial expressions and passive viewing generally resulted in equivalent increases in alpha 

power. Thus, in general, the hypothesis that the suppression group would show greater 

increases in activation compared to the reappraise group was not supported. 

One conclusion is that these two regulatory strategies are equally taxing on the 

prefrontal cortex in the face of negatively-valenced affective stimuli. This does not rule 

out the possibility, however, that different psychological processes might be present that 
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lead to similar frontal effects. Furthermore, it does not rule out the possibility that there 

might have been different areas within the PFC that were differentially active. Brain 

electrical activity tends to be highly correlated at neighboring electrodes. Therefore, the 

limited spatial resolution afforded by spectral analysis of regional cortical electrical 

activity makes it impossible to disentangle areas of activation within the prefrontal cortex 

that might be uniquely engaged for each strategy. Subsequent analytic efforts might 

address this question by applying source localization techniques to these EEG data (using 

LORETA, for example), or by investigating these affective inhibition strategies using 

functional neuroimaging techniques. The decrease in alpha power seen for reappraisal 

participants in response to neutral pictures was somewhat puzzling. It is possible that the 

low motivational significance of these stimuli prompted confusion about their task, which 

resulted in more active problem-solving operations for this group. There are, however, 

no data that can be invoked to address this speculation. 

Other potential explanations for the finding of equivalent changes in alpha in 

response to disgusting pictures for the experimental groups are nonspecific effort or 

general response inhibition (as opposed to inhibition of affective responses in particular). 

One piece of evidence that runs contrary to the nonspecific effort explanation is 

suggested in the ratings of perceived difficulty, effort, and success in implementing the 

instructions (see Figure 13). A Rating (difficulty / effort / success) X Group interaction 

emerged in a GLM for repeated measures (y=.641, F(4,100)=l 1.789, £<.00l)^. Despite 

'' Simple main effects analyses resulted in significant group differences in difficulty and success for disgusting pictures 
(both ES<.05). but not in perceived effort (2>. 10). 
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the equivalence in perceptions of task difficulty for all three groups (all £S>.10), the 

Reappraise participants showed a nonsignificant tendency (see top right of Figure 13) to 

perceive the task of inhibiting their emotional experience more difficult than did the 

Suppress participants (n.s.). In addition. Suppress participants reported greater success 

than Reappraise participants (E<.05) in fulfilling the requirements of their task. If 

nonspecific factors such as effort accounted for the equivalence in levels of change in 

alpha power for the two experimental groups, one might have expected no group 

differences in these ratings. 

With respect to the possibility that general inhibitory processes might account for 

the alpha desynchronization effect, it has been argued that inclusion of neutral stimuli 

should serve to control for the general inhibition interpretation (Gross & Levenson, 

1997). By definition, neutral pictures do not. however, motivate strong experiential or 

expressive tendencies and therefore reappraisal and suppression strategies, respectively, 

should be easier to accomplish. To test the general inhibition explanation would require 

a comparison of affective versus nonaffective inhibition in the presence of emotionally 

salient cues. One such control would be to have participants engage in a nonaffective 

response inhibition strategy as affective responses are elicited. Ideally, such a strategy 

would be one that is amenable to objective confirmation beyond changes in dependent 

measures of interest. Implementing a general inhibition task such as described above 

would control for the effect of general inhibitory processes, however they would not 

account for an explanation based on greater effort, especially in the face of what may be 

considered to be a divided attention or dual task paradigm. The strategies described in 
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this paper required of subjects that they (I) view the pictures carefully, and (2) that they 

monitor and inhibit an expressive or experiential facet of their response to the pictures. 

Emotion researchers normally conceptualize the job of viewing these pictures as a bona 

fide task in and of itself. The additional requirement that they also engage in a regulation 

strategy might then be considered a second task. From this standpoint, the findings of 

mcreased activation in frontal regions of the two experimental groups relative to controls 

may simply reflect greater task complexity, and hence greater effort. In addition to 

testing whether or not the limited effects found in this study are due to inhibition in 

general, inclusion of a group of participants who engage in a dual-task paradigm in the 

absence of any affective stimuli would provide a way to rule out (or in) these alternative 

hypotheses. 

Relations with asymmetric activation in the frontal region 

A surprising finding was that the cognitive reappraisal strategy resulted in 

increased relative right frontal pole activation compared to the other two groups. This 

was surprising primarily because the exact opposite pattern was expected based on the 

results of prior studies and theory that implicate the left frontal region in the regulation of 

emotion. However, the statistical significance of this finding was limited to only one of 

the three reference schemes that were employed thus it may not withstand replication. 

On the other hand, inspection of a graph that plots the mean change in asymmetry at each 

of the six regions that were examined for each group (see Figure 14) suggests that the 

frontal-temporal-central and anterior temporal regions also show a tendency in this 
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direction in the average and Cz reference schemes, a fact which lends credence to the 

finding. 

One substantive explanation for the finding of greater relative right anterior 

activation in the Reappraise group would be that this particular strategy induced 

disengagement, which can be thought of as a withdrawal-related motivational tendency 

that is not necessarily associated with the experience of negative affect. This explanation 

would be consistent with the approach-withdrawal model since this model presumes to 

explain affect in terms of motivational significance and not by hedonic valence. While 

most of the time it is the case that left activation is associated with positive affect and 

right activation with negative affect, this is not a necessity. An instructive example is 

anger (Harmon-Jones & Allen, 1998), an emotion that is of negative hedonic valence but 

elicits strong left anterior activation. The theory then allows for disjunctions between 

motivation and valence such as that demonstrated here for the use of cognitive 

reappraisal in which greater relative right frontal activation is present despite reduced 

emotional experience and expressive behavior. 

Another substantive explanation for greater right than left anterior activation in 

the Reappraise group is suggested in the work of Posner and Rothbart (1992). These 

authors reported that a vigilant state of attention, in which individuals report the 

subjective feeling of mental emptiness, is associated with activity in the right lateral 

frontal lobe (Posner & Rothbart, 1992). To the extent that the cognitive reappraisal 

strategy resulted in conscious attempts at subjective emptying of mental emotional 

contents, right frontal activation may have been required. Further support for this 
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possibility is found in Sierra and Berrios (1998). In developing a model to explain 

neurobiological factors involved in depersonalization, these authors (Sierra & Berrios. 

1998) propose that the apparent decrease in affective engagement that is characteristic of 

depersonalization phenomena may be due to the impact of right prefrontal cortex 

inhibition of anterior cingulate activity, a region that has been associated with the 

experience of emotion (Lane et al., 1998), and in effortful control over behavior (Posner 

& Rothbart. 1992). Thus, although speculative, links between right frontal activation and 

decreased emotionality are evident in the literature. Nevertheless, replication of this 

finding will be required for greater confidence in its legitimacy. In addition, as was noted 

in the discussion of the alpha desynchronization findings, it would be advantageous to 

examine the implementation of these strategies using measures that afford better spatial 

resolution, such as functional magnetic resonance imaging or less expensive EEG source 

localization solutions. 

Also demonstrated in the current report was the influence of individual 

differences in response to the three instructional sets, but only in the face of positive 

affective stimulation. The measurement of enduring resting anterior asymmetry has been 

likened to a biological indicator of individual differences in affective style. From this 

perspective, greater tonic levels of relative left activation are associated with an 

approach-related motivational tendency that may be associated with the ability to recover 

more quickly from negative affect after facing an environmental challenge, or to sustain 

the experience of positive affect for longer periods of time in the absence of immediate 

incentives. Support for this assertion was found in the present report in which it was 
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shown that participants' ability to successfully mitigate their affective responses was in 

part determined by the extent to which they showed asymmetric activation at rest. 

However, the effect of this asymmetric activation depended in part on the coping context, 

with different effects emerging depending on the affect inhibition strategy that was 

implemented. For individuals using the cognitive reappraisal strategy, in which the task 

was to think about the stimuli in such a way as to avoid the experience of emotion, 

greater relative left activation seemed to be helpful: The more left active the reappraiser. 

the larger the magnitude of decrease in signs of happiness. On the other hand, the more 

right active the reappraiser, the tendency was instead to show larger magnitude increases 

in signs of happiness. This pattern might be taken as evidence that tonic nght activation 

may make it more difficult regulate positive affect with the use of a cognitive reappraisal 

strategy. Instead, it would appear that a better strategy for the relatively right activated 

individuals is one based on suppression of outward expression. The more right active the 

suppresser. the larger the decrease in signs of happiness, whereas the more left active the 

suppresser. the lai'ger the increase in signs of happiness. If replicated, this pattern of 

findings might suggest that tonic measures of asymmetric activation would have 

predictive power in the selection of psychotherapeutic intervention strategies. In the 

psychotherapeutic context, however, it might be expected that one would more frequently 

wish to assist one's clients with enhancing rather than suppressing positive affect. It 

would therefore be useful for future studies to address whether resting asymmetry might 

result in differential effects for different methods of enhancing (rather than inhibiting) 

positive affect when working with individuals for whom negative affect predominates. 
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Although the ability to suppress as opposed to enhance positive affect might have less 

utility in the clinical realm, an example for which these results may have currency is in 

assisting individuals with bipolar disorder better manage the euphoria that some 

experience in their manic states. Regardless of the potential applications, these findings 

underscore the importance of one's coping context in predicting how individual 

differences in affective style will manifest themselves. 

Effects on emotional experience and expressive behavior 

The effects described above on overall alpha power and asymmetric activation 

might reasonably be attributed to successful implementation of different strategies 

between the two groups. With regard to reported emotional experience, predicted 

patterns of reduced emotional experience were obtained for individuals who engaged in 

cognitive reappraisal. In this group, participants showed larger magnitude decrements in 

reported experience of negative affect compared to controls and to individuals using an 

affective response inhibition strategy involving the masking of spontaneous emotional 

expressions when viewing the disgusting stimuli. Use of cognitive reappraisal also 

resulted in decrements in reported experience of positive affect in response to happy 

picture stimuli that surpassed the decrements reported by individuals who were asked to 

inhibit their spontaneous expressive tendencies when viewing the same stimuli and by 

controls who merely viewed the pictures in the absence of any inhibitory instruction. In 

the domain of expressive tendencies, by contrast, the suppression group showed the 

largest magnitude decrements in facial muscle activity, with the pattern occurring in a 

valence-specific manner. Suppress participants showed significant decreases in 
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comigator and zygomatic activity in the face of disgusting pictures, and decreases in 

zygomatic activity when viewing happy pictures. This pattern of reductions in facial 

muscle activity and reported emotional experience supported the notion that the affective 

inhibition strategies were implemented successfully by study participants. 

An alternative interpretation for the effects of group assignment on reductions in 

subjective experience simply reflect the demand characteristics associated with the task. 

From this perspective, it is not surprising that participants in the Reappraise group, who 

were instructed to experience less emotion, in fact report doing so. Moreover, 

participants who were instructed to engage in cognitive reappraisal also showed 

decreases in facial muscle activity, decreases that were equivalent in magnitude to those 

seen in participants who were instructed to mask their expressive behavior. The 

placement of sensors on the face certainly calls attention to facial behavior, which may 

have made subjects aware that their facial expressions of emotion were being studied 

(Tassinary & Cacioppo, 2000). Such awareness coupled with an instruction to avoid 

feeling emotion in response to the pictures means that it is possible that subjects would 

have made attempts to ensure that their reported emotion was consistent with their 

expressions. Thus, a pattern of decreased reported experience and expressiveness might 

in fact be predicted by the demand characteristic argument. Future studies might 

incorporate better controls for demand characteristics by informing control participants 

about all of the study hypotheses prior to their participation. Comparisons then between 

controls and the inhibition tasks would eliminate the potential for demand characteristics 

to account for clear-cut reductions in affective experience and expression. 
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Some have postulated that channels of communication (semantic content, facial 

expressions, posture, and tone of voice) are differentially controllable, with some being 

more susceptible to "leakage" of information than others (Ekman & Friesen, 1969; 

Zuckerman. Larrance, Spiegel. & KJorman, 1981). From this perspective, it is thought 

that while verbal content, for example, self-reported experience, is highly controllable, 

facial behavior is less so. If such a controllability hierarchy is true, this would tend to 

mitigate against a demand characteristic explanation for the reductions in subjective 

emotional experience and facial muscle activity that were demonstrated in the Reappraise 

group. While the reports of reduced positive and negative affect via the semantic content 

channel are by definition highly accessible to awareness, facial muscle activity may be 

less susceptible to this problem. The demand characteristic argument is moot for the 

suppression group. In this group, the goal was to have participants successfully reduce 

their expressive behavior in the face of salient affective stimuli. Success in the endeavor 

was objectively documented via a reduction in the electrical activity that is associated 

with contraction of facial musculature. 

A possible artifactual explanation for this finding is that the Reappraise 

manipulation may have resulted in greater activity in the brow region, possibly due to 

expressive signs of concentration, e.g., furrowing of brow muscles. Such activity would 

tend to register at the frontal pole given its proximity to corrugator and other facial 

muscles in that region. However, inspection of mean corrugator activity does not support 

this explanation. Reappraise participants showed decreases in corrugator activity during 

both disgusting and neutral picture sets, and while there was a shift towards greater 
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comigator activity during happy pictures in the reappraise group, the difference in 

magnitude of change in activity was not significantly different from the other two groups. 

If corrugator activity explained the greater relative right activation, one would have 

expected to find a significant modulation of asymmetry by group assignment only for the 

happy pictures. Moreover, to explain the finding, the distribution of corrugator activity 

would need to be asymmetric, which seems unlikely to occur across the different valence 

categories. The best answer to the muscle activity argument would emerge from an 

examination of EMG collected on the right side. However, only unilateral left-sided 

EMG data were collected for the present study. 

•Affective inhibition and autonomic activity 

The impact of cognitive reappraisal versus expressive suppression on the 

autonomic measures generally failed to replicate previous findings. Whereas it was 

anticipated that the suppression manipulation would result in evidence of greater 

sympathetic activity compared to the use of cognitive reappraisal and passive viewing 

strategies, nonsignificant results for the effect of the instructional manipulations emerged 

for all but two of the autonomic measures. These two significant effects were found in 

skin conductance response amplitude and temperature slope, and both effects were in the 

predicted direction such that cognitive reappraisal resulted in lower skin conductance 

response amplitude and more positive temperature slopes. In the presence of null effects 

for low frequency heart rate variability, respiratory sinus arrhythmia, heart rate, skin 

conductance rise time to peak response, skin conductance level, skin conductance 

response rate, skin conductance response magnitude, and finger temperature, it is unclear 
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how much weight to give the significant findings. Moreover, the fact that stimulus 

valence indeed modulated responsiveness in most of these measures lends credence to 

their sensitivity to the stimuli, thus poor measurement is unlikely to explain the failure to 

replicate. 

Another issue that is relevant to the discussion of practical significance is whether 

the limited autonomic effects found for effortful regulation are similar in nature to the 

effects of more automatic regulatory strategies. The findings of higher mortality rates 

and immunocompromise (Esterling, Antoni. Kumar. & Schneiderman. 1990; Goldstein & 

Antoni. 1989) were studied in the context of a stable individual difference in repressive 

coping, which has been psychometrically defined by a tendency to report low negative 

affect along with high levels of defensiveness (Weinberger, Schwartz, & Davidson, 

1979). It is possible that these more ingrained patterns of responsivity are potentially 

more damaging from the perspective of health outcomes, with cumulative effects of 

sympathetic activation mediating erosion of the body's defenses. It is likely that the 

repressive coping style mostly involves automatic inhibitory processes (Kline, Schwartz, 

Fitzpatrick, & Hendricks, 1997; Mogg et al., 2000). Therefore, the extent to which the 

present findings or those of other studies investigating the impact of effortful inhibition 

of affect on physiological parameters that are relevant for health is unknown. If repeated 

associations between the practice of effortful inhibition and reduced negative affect 

underlies a transition towards automaticity, then effortful affective inhibition might 

indeed hold sway on distal health outcomes. 
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The discrepancy of the present findings with the recent work by Gross and 

colleagues that shows increased sympathetic arousal when masking expressive tendencies 

may in part be due to methodological and analytic differences. For one. Gross has tended 

to compute change scores that reflect reactivity above resting baseline periods while the 

scores computed in the present report reflect the effect of the regulatory strategy over and 

above spontaneous emotional responding during passive viewing of affective pictures. It 

would seem that the change score strategy used in this study provides a more stringent 

test of the impact of these inhibitory strategies on domains of affective responding. On 

the other hand, the present analytic strategy may result in failure to detect significant 

differences between groups if high levels of affect in response to the Films produced a 

restricted range of variability in change scores thus leaving little room for movement as a 

function of the manipulation. Second, the sample sizes that Gross has studied are far 

greater in number than the current sample. In a study comparing reappraisal, expressive 

inhibition, and passive viewing. Gross (1998) included 40 subjects per condition, and in a 

study in which only two conditions were compared, suppression versus passive viewing. 

Gross and Levenson (1997) included 90 subjects per condition. This suggests that Gross 

had greater power to detect the differences that emerged. Computation of effect sizes 

from the findings of Gross (1998) suggested medium-sized effects on average for 

Reappraise compared to Suppress (d=.62), and Suppress compared to Control (d=.54) 

groups across three measures of sympathetic activation^ Given those values, there was an 

approximate range of 50-75% power to detect these effects. In the present report, the 

Effect sizes (d) were computed for Gross (1998) by subtracting means and dividing by the pooled 
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average effect size across all peripheral measures was .23, with a range of .01 to .69 (See 

Appendix C. where effect sizes for all measures of change in peripheral physiology and 

subjective emotional experience are reported). According to Cohen and Cohen (1983), 

an effect size of approximately d=.64 would be required in order for a sample size of 

n=20 per group with a two-tailed alpha criterion of .05 to reveal significant findings. The 

vast majority of effect sizes measured in the present report do not meet this criterion so it 

is quite likely that failure to reach significance in the majority of these peripheral 

physiological analyses was due to insufficient power. 

In light of the possibility that the power afforded by this study's sample size was 

insufficient, examination of the direction of changes for the different groups was 

undertaken via visual inspection of the findings, an endeavor yielding mixed findings. 

Along with the significant decrease in skin conductance amplitude and more positive 

temperature slopes in the Reappraise group, another sign of lesser sympathetic activation 

in this group relative to the others was a tendency towards lesser low frequency heart rate 

variability, with the difference between groups seeming most prominent for happy 

pictures. In conjunction with this, however, a puzzling finding was that reappraisal also 

tended to yield lower RSA as well, suggesting decreased parasympathetic activation. In 

light of high positive correlations between these measures within the same valence 

category across the three groups (correlations range from .65 to .76 with 2<-001), this is 

less surprising. Decreased heart rate was also suggested for the reappraisal group relative 

to the others, at least while viewing the valenced images. These trends all seem to 

standard deviation within each measure of sympathetic activation during the film viewing period. 
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support the hypotheses. On the other hand, signs of greater sympathetic arousal for both 

the reappraise and suppress groups relative to controls were suggested in the direction of 

results for mean finger temperature in that both groups showed temperature decreases, an 

indication of increased vasoconstriction. Moreover, reappraise participants showed no 

change or increases in skin conductance level and skin conductance response rate while 

the other groups tended to show decreasing levels on these measures. Overall, only five 

of nine measures showed effects in the direction that would be predicted by the previous 

work of Gross (1998), and Gross and Levenson (1993,1997). 

One question that might be raised pertains to whether the increase in sympathetic 

output that has been demonstrated for suppression of expressive behavior in other studies 

is significant from a practical standpoint. As suggested in the introductory remarks, it has 

been postulated that chronic inhibition of emotion negatively impacts one's immune 

status and health outcomes, findings that presumably are mediated in part by an increase 

in sympathetic activation. In this study, certainly small effects of suppressing expressive 

behavior were found that suggested increased sympathetic activation. One wonders, 

though, if the small effects seen here in response to acute manipulation of the expressive 

response channel are powerful enough to induce calamitous immune and health effects. 

Gross' work more reliably supports the increase in sympathetic activation that was 

predicted in the current report, with findings suggesting that the effect of these effortful 

inhibitory affect regulation strategies is indeed of moderate magnitude when differences 

from resting baseline are taken into account. This laboratory analogue is consistent with 

the health outcomes that are linked to individual differences in emotional expressivity. 
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Further inquiry would be useful to address the extent to which individual differences 

interact with effortful strategies to impact the body. Preliminary evidence of such 

interactions are found in the data presented here in which resting asymmetry, an 

individual difference variable that is theorized to underlie affective style, interacts with 

inhibitory strategy to produce different effects on facial muscle activity. 

In sum, by taking measures of both central and peripheral physiology in 

conjunction with reports of emotional experience and objective indicators of expressive 

behavior, this study sheds new light on the complicated picture that is painted by the use 

of effortful strategies for manipulation of affective responses. Findings support the role 

of the frontal cortices in affective regulation when using two different strategies for 

dampening of experiential and expressive response tendencies. Inhibition of emotional 

experience via the use of cognitive reappraisal may rely more on the right versus left 

prefrontal cortex as suggested by the measurement of regional cortical electrical activity. 

At the present time, firm conclusions cannot be drawn regarding the discrepant 

autonomic findings reported here. Clearly, replication is warranted to judge the 

reliability of these findings. It is suggested that future studies might do well to examine 

the relationship between effortful and more automatic regulatory strategies, with one goal 

being to specify the brain regions that are involved in both. Finally, while it remains to 

be seen whether the effects described herein have practical significance in explaining 

medical and psychiatric disorder, such effects are worth exploring, particularly in the 

context of individual differences. 
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APPENDIX A 
MEANS (AND SD) FOR STIMULI SELECTED FOR USE IN TfflS STUDY 

Happy Pictures 
•Arousal Disgust Happiness Valence 

I.\PS# Mean SD Mean SD Mean SD Mean SD 

1750 4.40 2.02 1.08 .39 6.04 2.27 2.50 1.86 
ISll 3.82 2.87 1.22 1.32 5.41 2.64 2.64 1.51 
1999 4.14 2.99 1.43 1.72 6.03 2.73 2.41 1.76 
2040 5.44 2.76 1.00 .00 6.92 1.94 1.85 l.Ol 
2050 4.11 3.03 l.OO .00 7.03 2.11 1.69 1.06 
2070 5.80 2.72 LOG .00 7.31 2.11 1.58 1.06 
2340 5.29 2.29 1.27 .78 6.38 2.19 2.42 1.88 
2530 5.04 2.76 1.04 .20 6.77 2.01 1.96 1.15 
2540 4.48 2.80 1.04 .20 6.27 2.16 2.46 1.24 
2550 5.21 2.72 1.00 .00 6.92 2.27 1.96 1.17 
2660 4.52 2.20 1.04 .20 6.08 2.17 2.50 1.17 
5460 4.20 2.24 1.23 .82 2.92 2.26 4,46 1.86 
5480 6.08 2.38 1.27 1.37 4.92 2.59 3.42 1.70 
5621 6.42 2.41 1.04 .20 5.04 2.64 2.44 1.45 
5830 4.67 3.02 1.08 .28 6.64 2.16 2.16 1.31 
5831 5.38 2.34 1.00 .00 7.15 1.76 1.76 .97 
7260 4.75 2.27 1.28 1.21 4.60 2.40 2.84 1.99 
7502 6.26 2.78 1.50 1.72 6.67 2.68 2.09 1.51 
8030 5.68 2.75 l.OO .00 3.96 2.20 3.17 1.64 
8170 4.88 2.98 l.OO .00 7.04 2.37 2.08 1.81 
8190 4.84 2.78 1.19 .98 5.23 2.69 2.58 1.77 
8200 5.36 2.38 1.23 1.18 4.62 3.16 3.27 2.09 
8420 4.44 2.77 l.OO .00 6.27 2.23 2.19 1.31 
8470 5.20 2.45 1.35 1.29 5.62 2.59 2.71 1.72 
8501 5.04 2.61 1.50 1.66 5.19 2.67 3.04 1.91 
8540 3.50 2.38 l.OO .00 5.41 2.34 2.86 1.42 

Note; The means and standard deviations reported above reflect the ratings that were made by a sample 
of female undergraduates who did not take part in the psychophysiological portion of the study. Each rating 
was made on a 9-point Likert-type scale. For valence. 1 = e.\tremely pleasant and 9 = extremely unpleasant. 
For arousal. 1 = e.ncited and 9 = calm. For disgust, 1 = not at all happy and 9 = e.xtremely disgusted. For 
Happiness, I = not at all happy and 9 = e.xtremely happy. 



97 

APPENDIX A - Continued 
MEANS (AND SD) FOR STIMULI SELECTED FOR USE IN THIS STUDY 

Neutral Pictures 
•\rousal Disgust Happiness Valence 

Mean SD Mean SD Mean SD Mean SD 

4605 3.64 2.29 1.64 1.68 2.69 2.28 4.88 1.51 
5530 3.36 2.43 2.42 2.45 1.85 1.87 5.00 1.53 
5533 3.44 2.04 2.42 2.63 1.92 1.70 5.00 .98 
5534 3.28 2.30 2.19 1.98 2.04 2.20 4.92 1.65 
5740 2.47 1.78 1.05 .23 -> -i-j 1.94 4.84 1.61 
5920 5.58 2.38 1.04 .20 2.20 1.96 4.76 1.23 
7004 2.46 1.86 LOG .00 1.51 1.19 5.11 1.14 
7002 2.92 2.33 1.04 .20 2.15 2.09 5.00 1.85 
7006 2.25 1.79 1.00 .00 1.24 .76 5.22 1.34 
7025 2.44 1.87 1.00 .00 1.23 .86 5.12 .99 
7030 2.47 2.10 1.03 .16 1.14 .48 5.05 1.18 
7035 2.42 1.93 1.03 .16 1.49 1.10 5.08 1.19 
7080 2.11 1.77 1.00 .00 1.76 1.36 5.11 1.56 
7090 2.41 1.89 1.03 .16 1.92 1.59 4.83 1.25 
7150 2.84 1.84 1.04 .20 1.38 1.24 5.12 1.45 
71S3 2.97 2.13 LOG .00 1.64 1.36 5.11 .99 
7182 3.38 2.04 1.54 1.33 1.77 1.45 4.96 1.27 
7190 3.20 1.96 1.31 1.09 1.50 1.24 5.15 1.12 
7207 2.65 1.99 1.05 .23 1.97 1.83 5.05 1.49 
7233 2.08 1.67 1.00 .00 1.92 1.61 4.97 1.48 
7235 2.51 1.80 1.08 .50 1.51 1.10 5.06 1.24 
7234 3.16 2.10 1.85 1.49 1.12 .59 5.15 1.35 
7490 2.53 1.87 1.00 .00 2.68 1.86 4.92 l.Ol 
7820 3.52 2.26 1.31 .93 1.96 1.43 4.81 1.30 
7830 3.96 2.57 1.69 1.19 1.69 1.19 4.96 .66 
7950 2.58 1.86 I.3I I.OI 1.69 1.29 5.00 .58 

Note: The means and standard deviations reported above reflect the ratings that were made by a sample 
of female undergraduates who did not take part in the psychophysiological portion of the study. Each rating 
was made on a 9-point Likert-type scale. For valence. 1 = extremely pleasant and 9 = extremely unpleasant. 
For arousal. I = excited and 9 = calm. For disgust. I = not at all happy and 9 = extremely disgusted. For 
Happiness. 1 = not at all happy and 9 = extremely happy. 
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APPENDIX A - Continued 
MEANS (AND SD) FOR STIMULI SELECTED FOR USE IN THIS STUDY 

Disgusting Pictures 

Arousal Disgust Happiness Valence 

Mean SD Mean SD Mean SD Mean SD 

3060 6.42 2.53 7.62 2.21 1.00 .00 8.32 1.28 
3061 5.81 3.01 6.92 2.78 1.00 .00 8.31 1.26 
3110 5.86 2.74 5.86 2.86 1.11 .66 7.78 1.53 
3150 5.42 2.55 6.31 3.06 1.00 .00 7.76 1.45 
3160 4.20 2.36 4.85 2.74 1.23 .82 7.38 1.36 
3180 4.88 2.07 5.77 2.50 1.00 .00 8.17 1.05 
3250 5.46 2.77 5.54 3.42 1.31 1.09 6.68 2.15 
3261 5.95 2.99 6.86 2.75 1.00 .00 7.85 1,78 
3400 5.89 2.94 7.24 2.52 1.00 .00 7.72 1.65 
7380 5.38 2.64 6.92 2.53 1.08 .49 7.03 1.70 
9007 4.81 2.51 5.59 2.71 1.05 .23 7.28 1.56 
9008 4.14 2.52 5.27 2.96 1.46 1.35 5.83 1.66 
9042 5.43 2.81 5.65 2.99 1.03 .17 7.14 1.84 
9180 5.33 2.46 3.97 2.84 1.08 .49 7.38 1.75 
9265 4.96 2.51 5.88 2.50 1.27 1.00 7.67 1.31 
9280 4.00 2.16 4.31 3.04 1.38 1.24 6.23 1.82 
9320 4.73 2.67 6.89 2.37 1.00 .00 7.25 1.65 
9330 3.95 2.16 4.89 2.63 1.00 .00 6.36 1.50 
9373 4.65 2.36 4.84 2.29 1.03 .16 6.64 1.66 
9432 4.44 2.32 2.54 2.40 1.08 .36 6.54 1.50 
9430 4.50 2.28 4.08 3.11 1.00 .00 7.24 1.64 
9490 5.33 2.70 5.38 2.86 1.05 .33 7.22 1.96 
9500 4.47 2.65 3.61 2.71 1.11 .67 6.11 1.59 
9830 3.50 2.09 5.08 2.81 1.16 .69 6.41 1.62 
9910 5.32 2.38 3.58 2.94 1.04 .20 7.58 1.50 
9921 5.69 2.20 3.96 3.04 1.50 1.21 7.52 1.48 

Note; The means and standard deviations reported above reflect the ratings that were made by a sample 
of female undergraduates who did not take part in the psychophysiological portion of the study. Each rating 
was made on a 9-pomt Likert-type scale. For valence. 1 = extremely pleasant and 9 = extremely unpleasant. 
For arousal. 1 = e.xcited and 9 = calm. For disgust. 1 = not at all happy and 9 = extremely disgusted. For 
Happiness. 1 = not at all happy and 9 = extremely happy. 
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APPENDIX B 
TRANSCRIPT OF VERBATIM INSTRUCTIONS 

Control: 

•'We will now be showing you some more sets of pictures. As before, it is important to 
us that you view the pictures carefully, but if you find them too distressing, just say 
"Stop." Before we begin, the screen will be blank for about a minute. This time should be 
used to clear your mind of ail thoughts, feelings, and memories. 
<Pause for one minute recording> 
"OK. we will now present the first set of pictures. It is important to us that you view 
these pictures carefully, but if you find them too distressing, just say 'Stop"." 

Reappraise: 
"We will now be showing you some more sets of pictures. As before, it is important to 
us that you view the pictures carefully, but if you find them too distressing, just say 
'Stop.' This time, please try to adopt a detached and unemotional attitude as you view 
the pictures. In other words, as you view the pictures, try to think about what you are 
seeing objectively, in terms of the technical aspects of the events that you observe. View 
the pictures carefully, but please try to think about what you are seeing in such a way that 
you don't feel anything at all. Before we begin, the screen will be blank for about a 
minute. This time should be used to clear your mind of all thoughts, feelings, and 
memories." <Pause for one minute recording> 
"OK. we will now present the first set of pictures. It is important to us that you view 
these pictures carefully, but if you find them too distressing, just say 'Stop'. Remember, 
please think about what you are seeing in such a way that you don't feel anything at all." 

Suppress: 
"We will now be showing you some more sets of pictures. As before, it is important to 
us that you view the pictures carefully, but if you find them too distressing, just say 
'Stop'." This time, if you have any feelings as you view the pictures, please try your best 
not to let those feelings show. In other words, as you view the pictures, try to behave in 
such a way that a person watching you would not know you were feeling anything. View 
the pictures carefully, but please try to behave so that someone watching you would not 
know that you are feeling anything at all. Before we begin, the screen will be blank for 
about a minute. This time should be used to clear your mind of all thoughts, feelings, and 
memories." <Pause for one minute recording> 
"OK. we will now present the first set of pictures. It is important to us that you view 
these pictures carefully, but if you find them too distressing, just say 'Stop'. Remember, 
please behave so that someone watching you would not know that you are feeling 
anything at all." 



APPENDIX C 
MEANS. STANDARD DEVIATIONS, AND EFFECT SIZES FOR CHANGE IN PERIPHERAL 
PHYSIOLOGICAL ACTIVITY AND SUBJECTIVE EMOTIONAL EXPERIENCE 

Reappraise 

M SD 

Control 

M SD 

Suppress 

M SD 

ES 
Reappraise-

Control 

d 

ES 
Reappraise-

Suppress 

d 

ES 
Suppress-

Control 

d 

Finger Temperature 

Disgusting -0.86 1.75 -0.15 1.47 -0.72 3.88 -0.35 -0.04 -0.18 

Happy -0.72 1.71 0.40 2.60 -0.60 3.46 -0.45 -0.04 -0.28 

Neutral -1.21 2.13 -0.10 1.67 -0.62 2.10 -0.46 -0.23 -0.23 

Temperature Slope 

Disgusting 0.0019 0.0062 0.0024 0.0072 -0.0027 0.0084 -0.07 0.53 -0.55 

Happy 0.0049 0.0074 0.0019 0.0102 0.0025 0.0075 0.29 0.27 0.05 

Neutral 0.0028 0.0073 0.0014 0.0053 -0.0017 0.0104 0.16 0.43 -0.35 

Skin Conductance Level 

Disgusting 0.03 0.19 -0.07 0.24 0.01 0.28 0.42 0.09 0.26 

Happy 0.10 0.32 -0.10 0.25 -0.03 0.27 0.52 0.33 0.22 

Neutral -0.01 0.16 -0.10 0.14 -0.06 0.25 0.51 0.21 0.19 

SC Response Rate 

Disgusting -0.06 0.25 -0.07 0.25 -0.04 0.30 0.03 -0.06 0.09 

Happy -0.03 0.25 -0.04 0.18 -0.07 0.39 0.06 0.12 -0.09 

Neutral 0.03 0.24 -0.05 0.37 -0.01 0.41 0.22 0.12 0.07 

Rise Time to Peak SCR 

Disgusting 0.07 0.20 -0.02 0.26 -0.02 0.27 0.31 0.32 -0.01 

Happy -0.20 0.22 0.02 0.47 0.01 0.29 -0.54 -0.69 -0.02 

Neutral 0.04 0.28 0.03 0.29 -0.05 0.19 0.05 0.31 -0.24 



APPENDIX C - Coniimu'd 
MEANS, STANDARD DEVIATIONS, AND EFFECT SIZES FOR CHANGE IN PERIPHERAL 
PHYSIOLOGICAL ACTIVITY AND SUBJECTIVE EMOTIONAL EXPERIENCE 

Reappraise 

M SD 

Control 

M SD 

Suppress 

M SD 

ES 
Heapproiso-

Conirol 

d 

ES 
Haappraistt-

Suppress 

d 

ES 
Suppress-

Coniroi 

d 

SC Amplitude 

Disgusting -0.05 0.11 -0.14 0.22 -0.01 0.17 0.44 -0.28 0.51 

Happy -0.08 0.19 -0.02 0.14 0.01 0.14 -0.26 -0.40 0.18 

Neutral -0.10 0.16 0.03 0.39 0.01 0.14 -0.42 -0.61 -0.05 

LFHRV 

Disgusting -0.16 0.49 -0.11 0.72 -0.02 0.56 -0.08 -0.22 0.10 

Happy -0.19 0.74 -0.05 0.64 0.07 0.71 -0.17 -0.30 0.15 

Neutral 0.21 0.65 0.00 0.81 0.10 0.61 0.24 0.14 0.11 

RSA 

Disgusting -0.06 0.53 -0.09 0.54 0.01 0.47 0.05 -0.12 0.16 

Happy -0.13 0.53 -0.07 0.37 0.01 0.45 -0.10 -0.24 0.18 

Neutral -0.05 0.46 -0.04 0.62 0.04 0.47 -0.02 -0.15 0.11 

Heart Rate 

Disgusting -0.73 6.18 -0.13 3.01 0.26 2.93 -0.09 -0.15 0.11 

Happy -0.79 3.55 0.40 2.72 0.68 2.42 -0.29 -0.37 0.09 

Neutral 0.89 3.58 0.63 3.00 0.11 2.73 0.06 0.19 -0.14 

Corrugator Activity 

Disgusting -0.19 1.37 0.25 0.94 -0.79 1.03 -0.29 0.39 -0.88 

Happy 0.38 1.17 0.10 0.61 0.18 1.38 0.23 0.13 0.07 

Neutral -0.19 1.13 -0.25 0.67 0.00 0.84 0.04 -0.15 0.27 



APPENDIX C - Coiuiimcd 
MEANS, STANDARD DEVIATIONS, AND EFFECT SIZES FOR CHANGE IN PERIPHERAL 
PHYSIOLOGICAL ACTIVITY AND SUBJECTIVE EMOTIONAL EXPERIENCE 

Reappraise 

M SD 

Control 

M SD 

Suppress 

M SD 

ES 
Reappraisa-

Conirot 

d 

ES 
Reapproisd* 

Suppruss 

d 

ES 
Suppress-

ConlroJ 

d 

Zygomatic Activity 
Disgusting -0.63 1.11 0.20 1.30 -0.61 1.06 -0.57 -0.02 -0.54 

Happy -1.47 1.04 -0.07 0.92 -1.66 0.93 -1.14 0.16 -1.41 

Neutral -0.09 0.98 0.13 0.95 -0.26 1.06 -0.18 0.14 -0.32 

Ratings of SAiVI Valence 

Disgusting -0.95 1.64 0.30 1.56 -0.21 0.92 -0.63 -0.42 -0.30 

Happy 1.90 1.17 0.40 0.88 0.33 1.46 1.13 1.01 -0.05 

Neutral 0.37 1.38 0.00 0.86 0.53 1.22 0.24 -0.10 0.43 

Ratings of SAM Arousal 
Disgusting 0.65 1.87 0.00 1.56 -0.74 1.59 0.30 0.63 -0.38 

Happy 1.55 3.50 0.70 1.59 0.28 2.32 0.23 0.33 -0.18 

Neutral 0.16 2.48 0.50 1.73 0.79 2.15 -0.12 -0.22 0.13 

Ratings of Disgust 

Disgusting -2.65 2.37 1.05 2.14 -0.33 1.08 -1.32 -0.93 -0.61 

Happy 0.05 0.51 -0.05 0.23 0.33 1.03 0.19 -0.32 0.51 

Neutral -0.28 1.74 0.11 1.05 0.06 1.82 -0.20 -0.16 -0.03 

Ratings of Happiness 
Disgusting -0.37 1.07 -0.10 1.41 0.18 0.73 -0.18 -0.46 0.18 

Happy -2.94 2.65 0.00 1.03 -0.22 1.63 -1.07 -0.94 -0.14 

Neutral -0.94 1.35 -0.45 1.23 -1.53 1.98 -0.31 0.30 -0.58 
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