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Abstract

Previous studies have shown that inhibiting negative or positive emotion-expressive behavior leads to increased

sympathetic activation. Inhibiting facial behavior while in an affectively neutral state has no such physiological

consequences. This suggests that there may be something special about inhibiting emotion-expressive behavior. To test

the boundary conditions of the suppression effect, acoustic startles were delivered to 252 participants in three ex-

perimental groups. Participants in one group received unanticipated startles. Participants in the other two groups were

told that after a 20-s countdown a loud noise would occur; participants in one of these groups were further told to

inhibit their expressive behavior. Results indicated that startle suppression increased sympathetic activation. These

findings extend prior work on emotion suppression, and suggest that inhibiting other biologically based responses also

may be physiologically taxing.
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In many contexts, self-regulation takes the form of inhibiting

powerful emotional responses that are deemed inappropriate.We

thus work hard to refrain from laughing at a friend’s embar-

rassing gaffe, avoid the temptation of ramming an impossibly

slow and erratic driver, and bite our lip when angered by an

unfair public criticism of our work. Our success in these efforts

matters, and failures of self-regulation have been linked to a wide

range of maladaptive outcomes (Baumeister & Vohs, 2004;

Gross & Levenson, 1997).

Researchers interested in self-regulation have begun to inves-

tigate the behavioral, experiential, and physiological conse-

quences of effortful self-regulation (e.g., Gross, 1998; Gross &

Levenson, 1993, 1997; Harris, 2001). Many of these studies have

focused on one type of emotion regulation, namely expressive

suppression, which has been defined as the conscious inhibition

of emotion-expressive behavior. Studies of emotion-expressive

suppression1 have shown that it leads to decreased behavior,

decreased positive emotion experience (when participants are

asked to suppress facial expression to a positive stimulus), and

increased sympathetic activation. Findings such as these have

encouraged speculation that there may be something special

about emotion suppression. To date, however, there has been no

direct test of whether inhibiting biologically prepared responses

other than canonical emotions has comparable effects.

In the following sections, we first review the experimental

literature on the suppression of emotion-expressive behavior.

Next, we consider the literature on the startle response, which

provides an intriguing context in which to study the boundary

conditions of suppression. Finally, we consider the possibility

that the effects of suppression vary by sex or ethnicity, and

present a study that examines the suppression of an acoustic

startle response in a large multi-ethnic sample.

Emotion Suppression

To examine the effects of suppressing emotion-expressive behav-

ior, Gross and Levenson (1993) used a short disgust-eliciting film

that showed an arm amputation. Participants watched the film

under one of two instructions. In the first, subjects simply

watched the film (no suppression). In the second, subjects were

asked to hide their emotional reactions (suppression). Results

indicated that suppression led to a two-part physiological re-

sponse. Prior to engaging in expressive suppression, participants

showed increased somatic activity (assessed by using an electro-

magnetic device attached to the platform on which the subject’s

chair was placed), increased heart rate, and widespread increases

in sympathetic responding. We interpreted these changes as re-

flecting the participants’ efforts to ‘‘brace’’ themselves for their

impending task. During the suppression period itself, partici-

pants showed decreased disgust-expressive behavior (assessed by

coding facial behavior) and a mixed physiological state charac-

terized by decreased somatic activity and decreased heart rate,
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but increased sympathetic activation of the cardiovascular and

electrodermal systems. Suppression had no effect on self-report-

ed disgust experience.

Subsequent studies have examined the boundary conditions

of the effects of suppression. For example, Gross and Levenson

(1997) examined a second negative emotionFsadnessFas well

as a positive emotion, namely amusement. Consistent with ex-

pectations, suppressing sadness and amusement led to increased

sympathetic activation of the cardiovascular system, as indexed

by changes in finger pulse amplitude, finger temperature, and

pulse transit times to the finger and ear. Similarly, Harris (2001)

found that suppressing visible signs of embarrassment leads to

enhanced blood pressure responses, but had no effect on emotion

experience reports.

It is noteworthy that whereas suppressing negative emotion-

expressive behavior has no discernible impact on negative

emotion experience (e.g., disgust, sadness, embarrassment), sup-

pressing positive emotion-expressive behavior does have an im-

pact on positive emotion experience (e.g., amusement). Gross

and Levenson (1997) found a suppression effect for amusement

experience both in a context that predominantly elicited amuse-

ment (an amusement film) and in a context in which there were

lower levels of amusement (a sadness film that evoked a bit of

secondary amusement). This finding agrees with prior reports

from the facial feedback tradition that inhibiting amusement

(e.g., McCanne & Anderson, 1987; Strack, Martin, & Stepper,

1988) and pride (e.g., Stepper & Strack, 1993) expressive behav-

ior leads to decreases in the self-reports of these positive emo-

tions. It is not yet clear why the effects of suppression on emotion

experience vary for positive and negative emotions.

If the experiential and physiological effects we have described

really are the result of suppressing ongoing emotion-expressive

behavior, suppressing non-emotion expressive behavior should

have no such consequences. In one test of this critical boundary

condition, we examined participants’ responses during a neutral

film (Gross & Levenson, 1997). This film produced low levels of

self-reported emotion and essentially no emotional expressive

behavior. As expected, suppression had no effect on any of the

physiological or experiential variables.

This finding suggests that the physiological impact of emo-

tional suppression grows out of the counterpoising of attempts to

inhibit expression against strong impulses to express. Absent a

stimulus that produces these expressive impulses, behavioral in-

hibition seems to have little impact on physiological responding.

However, it is not yet clear whether the critical ingredient in the

emotional suppression effect shown in previous studies is emo-

tion per se, or whether efforts to inhibit other biologically based

impulses would lead to similar patterns of physiological activa-

tion. To address this important question, what is needed is an

examination of response inhibition in the context of other bio-

logically prepared responses. The acoustic startle response pro-

vides just such a context (Ekman, Friesen & Simons, 1985).

The Acoustic Startle Response

When confronted with a sudden, strong auditory stimulus (e.g., a

gun shot), people react with sudden stereotypical movements

(e.g., neck muscle activity, torso movement) and increased sym-

pathetic responding (Ekman et al., 1985; Landis & Hunt, 1939).

This startle reflex is elicited by transient stimuli with fast rise

times and high intensity levels. It can be identified by its cardiac

response (e.g., specific latency in heart rate acceleration) and

relatively fast habituation (Graham, 1973, 1979; Turpin, 1986;

Turpin & Siddle, 1978, 1983). It has been suggested that startle

responses may serve a defensive function (see Turpin, 1986; Tur-

pin & Siddle, 1978), a movement interruptive function (Graham,

1979; Overduin, 1993), and/or may help to prepare the organism

either to flee or to fight (Turpin, 1986).

There remains debate concerning the functions startle re-

sponses serve, but what is clear is that stimulus quality and in-

tensity powerfully shape the startle response (Böhmelt, Schell, &

Dawson, 1999; Cook & Turpin, 1997; Turpin & Siddle, 1979,

1983; Vossel & Zimmer, 1992). The early literature featured rel-

atively high-intensity startle probes (4100 dB), and emphasized

the powerful, coordinated set of biologically prepared responses

that were associated with these probes. More recently, greater

emphasis has been placed on lower intensity startle probes (o100

dB), particularly in the context of emotion modulated startle

(Lang, 1995). The focus in this newer literature has been the

finding that unpleasant affective states potentiate startle re-

sponses (eyeblink), whereas pleasant affective states diminish the

response (Bradley, Cuthburt, & Lang, 1993; Kaviani, Gray,

Checkley,Kumari, &Wilson, 1999; Vrana, Spence,&Lang, 1988).

Although both literatures refer to the ‘‘startle response,’’ it is

important to note that the nature and magnitude of the associ-

ated psychophysiological response varies according to the mag-

nitude of the stimulus. It is the dramatic whole-body response to

the high-intensity startle that is our focus here. In the one prior

report of explicit suppression of high-intensity acoustic startle

probes, Ekman et al. (1985) found that people asked to suppress

any visible response showed no significant differences within the

first 500 ms, in either the frequency with which an action was

shown or in the latency of facial actions, but the intensity was

slightly weaker.

Based on these findings, Ekman and colleagues (1985) argued

that the startle response differs from an emotional response in

four ways: the startle response (a) is easier to elicit, (b) is shown

reliably by every subject, (c) cannot be totally inhibited, and (d)

cannot be well simulated. These considerations led Ekman to

view the startle reflex rather as a biological prepared (defensive)

response rather than a canonical emotion. We are sympathetic

with Ekman’s view, but find it very difficult to know where to

draw the line between biologically prepared responses such as the

startle, on the one hand, and emotion on the other. For present

purposes, however, we wish to argue simply that the acoustic

startle provides a very different context within which to examine

expressive suppression than any other context that we or others

have examined previously.

Group Differences in Expressive Suppression: Sex and Culture

Thus far, we have focused on the generality of the effects of

emotion suppression across other (nonemotional) contexts. It is

also important to ask, however, whether the suppression ef-

fectFwhatever the target of suppressionFis comparable across

respondents. In particular, in view of the high level of interest in

sex and cultural variation in emotion processes, we thought it

important to ask whether group differences were evident in the

effects of suppression. Based on our view that suppression in-

volves the regulation of powerful biologically based (and hence

species-typical) response tendencies, our expectation was that

group differences in the effects of suppression should be quite

limited. This no-group-differences expectation has been borne

out in research on suppression to date. To our knowledge, there

have been no reports of sex or ethnic differences in the conse-

quences of emotion suppression.
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Although consistent with a universalist perspective on emo-

tion, these null findings would be somewhat surprising from an-

other vantage point. After all, men report using emotion

suppression more than women (Gross & John, 2003), and

Asians Americans, African Americans, and Latino Americans

report using suppressionmore than European Americans (Gross

& John, 2003). Given these differences, we might expect subtle

differences in the impact of emotion suppression due to differ-

ences in prior experience and practice with suppression. In the

present study, we pursue this possibility in a large, multi-ethnic

sample under conditions that enhance the likelihood of observing

sex or ethnic effects in suppression if they in fact exist.

The Present Study

To examine the generality of the suppression effect to (a) a high-

intensity acoustic startle response, and (b) to both sexes and four

ethnic groups, we assessed behavioral, experiential, and physi-

ological consequences of suppressing an acoustic startle response

in a large, diverse sample. Several features of our study warrant

comment.

First, given how difficult it is to inhibit the startle response on

demand, we framed our suppression instructions broadly, so as

to maximize the chance that participants would be able to inhibit

their startle. It should be noted that these instructions differ sig-

nificantly from those used previously (see Gross & Levenson,

1993, 1997). The rationale for this modification was to capture

the many changes associated with the startle probe. The present

instructions are therefore similar to those used in ego-depletion

research (see Muraven, Tice, & Baumeister, 1998).

Second, given the differences in time frame between the rel-

atively brief startle response and the longer-lasting emotional

responses to films used in our previous studies of emotion sup-

pression, we adjusted the relevant observation windows accord-

ingly, focusing on the 5 s before and the 6 s after the startle

presentation.

Third, to match one group of the no-suppression participants

as closely as we could to the suppression participants, we in-

formed participants in an ‘‘anticipation’’ control group of the

impending startle stimulus as well. Because this may have led

some of our no-suppression participants to spontaneously inhibit

their startle responses, our estimates of any observed effects of

suppression are likely to be relatively conservative. We therefore

also included a ‘‘no anticipation’’ control group of participants

who were not warned about the impending startle.

Finally, we employed a sample that was homogeneous with

respect to age in view of prior findings regarding age-related

changes in startle responsivity (Ellwanger, Geyer, & Braff, 2003).

Because we view the effects of suppression as deriving from

the effortful management of biologically based response tenden-

cies, we expected the effects of startle suppression to parallel

those observed previously in studies of emotion suppression.

Specifically, we predicted that, relative to no-suppression par-

ticipants, suppression participants would show decreases in be-

havior, no change in emotion experience, and increases in

sympathetic activation. We did not expect these effects of startle

suppression to vary as a function of participant sex or ethnicity.

Method

Participants

Participants were 252 undergraduates (131 women) whose ages

ranged from 18 to 29 (M5 20.5 years). The ethnic composition

of this sample was 18% African American, 36% Asian Amer-

ican, 22% Caucasian, and 24% Hispanic (see Table 1). Partic-

ipants were paid for their participation.

Procedure

Participants were invited to the laboratory for individual exper-

imental sessions. To maximize participant comfort and increase

the likelihood of detecting any potential sex- or ethnicity-specific

effects, participants only had contact with a research assistant of

their own sex and ethnicity (Graham, 1992; Marin & Marin,

1991).

Participants were seated in a chair approximately 5 ft from a

video monitor, which was used to present all instructions. Par-

ticipants then completed a consent form, a brief health checklist,

and a baseline measure of their current emotional state (see be-

low). After completing these measures, the research assistant

attached physiological sensors.

The experiment began with a 2-min period during which par-

ticipants were asked to relax and watch an ‘‘X’’ on the video

monitor. We gave this instruction for two reasons: (1) to keep the

participants’ eyes from wandering around the room, and (2) to

keep the participants focused on the part of the screen that would

provide the countdown information regarding the impending

startle (for participants who would be receiving information re-

garding the impending startle).

Participants were randomly assigned to one of three condi-

tions and were exposed to only one startle probe. Our decision to

present a single startle probe was based on pilot findings that

suggested that the presentation of repeated high-intensity (110

db) probes led participants to begin to spontaneously inhibit

their response, and were uncomfortable for participants. It

should be noted that to the extent that a single measure is a less

reliable indicator, our present findings from this between-sub-

jects design may represent a conservative estimate of true effect

sizes.

In the no-suppression–unanticipated condition (N5 84), par-

ticipants received no warning regarding the impending startle.

All other participants either in the no-suppression–anticipated

condition (N5 79) or in the suppression condition (N5 89) re-

ceived the following instructions on the video monitor: ‘‘In this

part of the experiment, you will hear a loud noise. You will know

exactly when the loud noise will occur. You will see a countdown

from 10 to 1 on the video screen. When you see ‘1’Fthe loud

noise will happen. Before beginning the countdown, I want you

to relax.’’

Participants assigned to the suppression condition received

the following additional instructions: ‘‘We want to see how well

you can keep from showing any emotional response when you

hear the noise. Try not to feel anything, and try not to have a

physiological reaction. Also, see if you can act so that someone
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Table 1. Participant Ethnicity and Sex for Each Instructional

Group

African
American

Asian
American Caucasian Hispanic

Male Female Male Female Male Female Male Female

Unanticipated 7 9 16 16 8 11 7 10
Anticipated 7 6 14 14 7 9 12 10
Suppression 8 8 15 16 9 11 11 11
Total 22 23 45 46 24 31 30 31



seeing the video with the sound off won’t know that anything has

happened. Try not to show any visible signs or feel anything

before, during, or after the loud noise occurs. Try to look relaxed

all the way through. See if you can fool the person who will be

studying this video. Before beginning the countdown, I want you

to relax.’’

The pre-startle countdown lasted for 20 s, with each number

in the countdown (10 to 1) presented for 2 s. At the end of the

countdown, an acoustic startle (110 dB white noise, 50 ms, with

an instantaneous rise time) was delivered via loudspeakers po-

sitioned immediately behind the participant. After the startle, an

‘‘X’’ was presented on the screen for 2 min. Participants were

then asked to rate their experience of a number of specific emo-

tions (see below).

Measures

Behavioral. A remotely controlled high-resolution color vid-

eo camera placed behind darkened glass in a bookshelf was used

to unobtrusively record the subject’s upper body movement.

After the session, trained research assistants used a variant of the

Emotional Expressive Behavior coding system (Gross & Leven-

son, 1993) to code videotaped records made of participants dur-

ing the pre- and poststartle periods. An initial review of the

videotapes indicated that most of subjects’ behavior took place

during the first 5 s poststartle. Thus, for each second during the 5

s prestartle, the second of the startle, and the 5 s poststartle,

coders rated the presence or absence of a number of specific

behaviors (described below) known to be associated with re-

sponses to startle stimuli. The 5 s prior to the startle were defined

as the pre-startle period, and the 6 s after the startle (the second of

the startle and the 5 s poststartle) were defined as the post-startle

period. To reduce the behavioral variables, we created one com-

posite score representing the participant’s behavioral response.

This measure was a composite of various body movements as-

sociated with the acoustic startle, including neck stretches, head

jerks, shoulder raises, shudders, forward lunges, torso raises, and

utterances/cries.

Self-reported emotion experience. At the beginning of the ex-

perimental session (baseline) and again after the startle event,

participants used a 9-point Likert type scale ranging from 0 not at

all to 8 verymuch to rate how strongly they felt each of 11 specific

emotions: amusement, anxiety, contempt, contentment, disgust,

embarrassment, fear, anger, happiness, relief, and sadness. To

reduce the number of dependent measures, two self-report com-

posites were created: positive emotion experience (amusement,

contentment, happiness, relief) and negative emotion (anger,

anxiety, contempt, disgust, embarrassment, fear, sadness).

Change scores were created by subtracting baseline values from

post-startle values for each emotion.

Physiological. Continuous recordings were made using a 12-

channel Grass Model 7 polygraph (Astro-Med, Inc., West War-

wick, RI), which was connected to a microcomputer pro-

grammed to obtain second-by-second means for nine measures:

1. Heart rate. Beckman miniature electrodes with Beckman

electrodes were placed in a bipolar configuration on opposite

sides of the participant’s chest. The interbeat interval was

calculated as the time in milliseconds between successive R

waves in the electrocardiogram (EKG).

2. Skin conductance level. AMed Associates device was used to

pass a small constant voltage (0.5 V) between Beckman reg-

ular electrodes attached to the palmar surface of the middle

phalanges of the first and third fingers of the nondominant

hand. The electrolyte was sodium chloride in Unibase.

3. Finger temperature. AYellow Springs Instruments thermistor

taped to the palmar surface of the distal phalange of the fourth

finger of the nondominant hand was connected to a Med

Associates device that provided a measure of finger temper-

ature in degrees Fahrenheit.

4. Pulse transmission time to the finger. AUFI photoplethysmo-

graph was attached to the distal phalange of the second finger

of the nondominant hand. The interval was timed between the

R wave of the EKG and the upstroke of the pulse wave at the

finger.

5. Finger pulse amplitude. The trough-to-peak amplitude of

each finger pulse wasmeasured to index themaximumvolume

of blood in the tip of the finger during each heart beat.

6. Pulse transmission time to the ear. A UFI photoplethysmo-

graph was attached to the right ear. The interval was timed

between the R wave of the EKG and the upstroke of the pulse

wave at the ear.

7. General somatic activity. Activity was detected using an elec-

tromagnetic device attached to the platform on which the

subject’s chair was placed. The wooden platform was mount-

ed on a metal crossbar that allows for a small amount of flex.

A wire coil mounted to the metal crossbarmoved in the center

of a ring magnet mounted to the wooden platform, thus in-

ducing a small current flow when the platform flexed.

8. Respiration period. A pneumatic bellows was stretched

around the thoracic region, and the intercycle interval was

measured as the time in milliseconds between successive in-

spirations.

9. Respiratory sinus arrhythmia (RSA). RSA was computed as

the difference in milliseconds between the longest IBI that

occurred during the expiratory phase of the respiratory cycle

and the shortest IBI that occurred during the inspiratory

phase (Grossman, van Beek, & Wientjes, 1990).

This set of physiological measures was selected to sample broadly

from major organ systems known to be important to emotional

responding (cardiac, vascular, electrodermal, respiratory, and

somatic), to allow for continuous measurement, and to be as

unobtrusive as possible.

We did not obtain electromyogram (EMG) responses, which

are often obtained in the context of lower-intensity startle probes.

Several considerations led us to choose not to measure EMG: (1)

In general, in our work on emotion regulation, we have been

quite reluctant to add facial EMG. This is because pilot testing

has revealed that participants report feeling more self-conscious

and aware of their facial responses when they have EMG sensors

on. Because our interest has been in the effects of behavioral

suppression, we have been reluctant to obtain measures that

could induce suppression in all participants, as this wouldmake it

that much more difficult to detect differences between our ‘‘sup-

pression’’ and ‘‘no suppression’’ participants. (2) Given that our

prior work on emotional suppression has not employed facial

EMG, we worried that using facial EMG in the context of this

study would introduce an important confound. (3) As in previ-

ous studies, we knew we would be able to monitor and record

global somatic activity assessed by an electromagnetic device at-

tached to the platform on which the subject’s chair was placed.
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After the experimental session, physiological data were vis-

ually inspected to exclude artifacts. Second-by-second values for

each of the physiological measures, except RSA, were then re-

duced to mean values representing nonoverlapping time slices:

(1) 2-min pretrial baseline, (2) 5-s pre-startle period, and (3) 6-s

post-startle period (including the startle). For RSA, we used 20-s

pre-startle and 50-s post-startle periods. Physiological reactivity

scores were calculated for each measure by subtracting the pre-

trial baseline from the pre- and post-startle periods.

To provide continuity with prior work on emotion suppres-

sion (Gross & Levenson, 1997), we created a composite measure

of sympathetic activation of the cardiovascular system. This

theoretically definedmeasure was derived using four unit-weight-

ed standardized change scores (pulse transit time to the finger,

pulse transit time to the ear, finger pulse amplitude, finger tem-

perature) with signs all inverted so that larger Z scores indicated

greater activation. Measures were standardized across all con-

ditions and time periods to permit comparisons among exper-

imental groups for both pre- and post-startle periods. Using this

composite allowed us to take advantage of the principle of ag-

gregation (Ossenkopp & Mazmanian, 1985; Rushton, Brainerd,

& Pressley, 1983) and limited the impact of individual response

stereotypy (Stern & Sison, 1990). With respect to the nature of

the composite itself, our assumption was that in this context,

sympathetic activation should lead to peripheral vasoconstric-

tion, reflected by a decrease in pulse transit times, by a decrease in

peripheral pulse volume, and by a decrease in finger temperature

(Goldstein & Edelberg, 1997; Johnsen & Lutgendorf, 2001;

Papillo & Sharpiro, 1990). Although skin conductance is also a

sympathetic measure, there can be differential responding in the

cardiovascular and electrodermal systems (see Lacey, Kagan,

Lacey, & Moss, 1963; Levenson, 1988). For this reason, we did

not include skin conductance in the cardiovascular composite.

Data Analysis

Our multimethod approach has the advantage of broadly sam-

pling response systems involved in emotion and self-regulation.

However, this approach has the disadvantage of potentially in-

creasing Type I error due to multiple significance tests. This

problem is lessened considerably by our use of composite scores.

In addition, we used themodified Bonferroni procedure (Keppel,

1982) to provide additional protection against Type I error, set-

ting a familywise error rate of .02 for each class of dependent

variables (behavior, experience, physiology) for our primary

analyses, in which we examined the effects of suppressing startle

responses.

Dependent measures were obtained from three domains. Be-

havioral data were collected for the pre- and post-startle periods

only. To examine the effects of suppression, we conducted an

overall 3 � 4 � 2 � 2 ANOVA (with condition, ethnicity, and

sex as between-participants factors and time as a within-subject

factor). Emotion experience measures were collected for the base-

line and post-startle periods only. To examine the effects of sup-

pression, we conducted an overall 3 � 4 � 2 MANOVA (with

condition, ethnicity, and sex as between-participants factors)

using change from baseline. This was followed by a similarly

structured univariate ANOVA for negative and positive emotion

experience. Physiological measures were available for baseline,

pre-startle, and post-startle periods. To examine the effects of

suppression, we conducted an overall 3 � 4 � 2 � 2 MANOVA

(with condition, ethnicity, and sex as between-participants fac-

tors and time as a within-subject factor) using change from

baseline. This was followed by similarly structured univariate

ANOVAs and t tests for each physiological measure to localize

group differences.

Results

Our manipulation had two partsFthe startle probe and the

suppression instructions. To assess the impact of our startle pro-

cedure, we first examined the participants in the no-suppression–

unanticipated conditions only (to avoid confounding the effects

of startle anticipationwith the effects of themanipulation). Next,

we examined the participants in all conditions in order to assess

the behavioral, experiential, and physiological consequences of

suppressing startle responses.

Effects of Startle: Behavior, Experience, and Physiology

As shown in Table 2, the no-suppression–unanticipated partic-

ipants showed an increase from pre-startle to post-startle periods

in behavioral responding, t(83)5 � 9.79, po.001. Compared to

the baseline period, no-suppression–unanticipated participants

had increased negative emotion experience, t(83)5 8.99,

po.001, and decreased positive emotion experience,

t(83)5 � 13.13, po.001, after the startle probe (Table 3). As

shown in Table 4, there were increases frombaseline during the 6-

s post-startle period for the no-suppression–unanticipated group

in heart rate, t(83)5 � 8.37, po.001, skin conductance level,

t(83)5 8.93, po.001, somatic activity, t(83)5 11.77, po.001,

and finger temperature, t(83)5 3.67, po.001. Finger pulse am-

plitude showed a significant decrease, t(83)5 � 2.83, p5 .006.

Finger pulse and ear pulse transit time, sympathetic activation of

the cardiovascular system, and respiratory sinus arrhythmia

showed no significant changes.

Effects of Suppression: Behavior

The overall ANOVA for behavioral responding revealed main

effects of condition, F(2,216)5 12.15, po.001, Z2 5 .101, time,

F(1,216)5 324.32, po.001, Z2 5 .60, an interaction of Condition

� Time, F(2,216)5 6.43, p5 .002, Z2 5 .056, and an interaction

of Condition � Sex, F(2,216)5 6.51, p5 .002, Z2 5 .057. Fol-

low-up tests revealed that the interaction of Condition � Time

effect was due to the fact that during the pre-startle period no

significant group differences occurred, but during the post-startle

period suppression participants showed lesser behavior than no-

suppression–unanticipated participants, t(171)5 3.95, po.001,

and no-suppression–anticipated participants, t(166)5 2.99,

p5 .003. The Condition � Sex interaction was due to the fact

that in the no-suppression–anticipated group men showed lesser

movement than women, t(82)5 3.18, p5 .002. There were no

effects involving ethnicity.
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Table 2. Means (Standard Deviations) for Behavioral Expression

during Pre-Startle and Post-Startle Periods for Each Instructional

Group

Unanticipated Anticipated Suppression

Pre-startle 0.08a,1 (0.28) 0.11a,1 (0.44) 0.01a,1 (0.08)
Post-startle 1.13a,2 (0.93) 0.92a,2 (0.55) 0.70b,2 (0.40)

Note: Means that do not share a superscript are different from one an-
other (po.02). Letters indicate differences in condition. Numbers indi-
cate differences in time.



Effects of Suppression: Emotion Experience

The overall MANOVA for the positive and negative emotion

experience composites revealed no effect of sex or ethnicity.

There was only an effect of condition, F(4,456)5 4.13, p5 .003,

Z2 5 .035. As shown in Table 3, follow-up tests revealed that

participants in the no-suppression–unanticipated group reported

significantly greater decreases in positive emotion experience

than participants in the no-suppression–anticipated group,

t(161)5 2.95, p5 .004 and than participants in the suppression

group, t(171)5 3.66, po.001. Therewere no group differences in

negative emotion experience.

Effects of Suppression: Physiology

The overall MANOVA showed effects for condition,

F(18,438)5 6.79, po.001, Z2 5 .218, time, F(9,219)5 70.59,

po.001, Z2 5 .744, and an interaction of Condition � Time,

F(18,438)5 4.29, po.001, Z2 5 .150. There were no effects for

sex or ethnicity. Similarly structured follow-up univariate tests

were conducted for each of the physiological measures.

Significant Condition � Time interactions were evident for

heart rate F(2,251)5 10.39, po.001, somatic activation,

F(2,251)5 6.72, p5 .001, finger pulse transit time, F(2,251)5

6.52, p5 .002, ear pulse transit time, F(2,251)5 4.38, p5 .014,

and sympathetic activation of the cardiovascular system,

F(2,251)5 10.18, po.001. Follow-up t tests were conducted to

decompose these effects.

Pre-startle period. As shown in Table 4, during the pre-startle

period, participants in the suppression group showed greater de-

creases in interbeat interval than participants in the no-suppres-

sion–anticipated group, t(166)5 � 4.73, po.001, and in the

no-suppression–unanticipated group, t(171)5 � 6.28, po.001.

Similar results can be seen for sympathetic activation of the car-

diovascular system: Participants in the suppression group

showed an increase in activation whereas participants in the

no-suppression–anticipated group, t(166)5 5.54, po.001, and

in the no-suppression–unanticipated group, t(171)5 3.28,

p5 .001, showed a decrease relative to baseline.

Participants in the suppression group also showed a smaller

increase in finger pulse transit time than participants in the no-

suppression–anticipated, t(166)5 � 2.50, p5 .014. Unexpect-

edly, participants in the no-suppression–unanticipated condition

showed a decrease in finger pulse transit time, a change that was

significantly different from the increase observed in participants

in the suppression condition, t(171)5 � 2.39, p5 .018, and in

the no-suppression–anticipated condition, t(161)5 4.03,

po.001. There were no effects for the other measures.

Post-startle period. As shown in Table 4, during the post-

startle period, participants in the suppression group showed

greater decreases in interbeat interval, t(166)5 � 2.30, p5 .003,

a smaller increase in somatic activation, t(166)5 � 2.65,

p5 .009, a decrease, rather than an increase, in finger pulse
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Table 3. Means (Standard Deviations) for Experience Ratings for

Each Instructional Group (Change Scores)

Unanticipated Anticipated Suppression

Positive emotion � 1.99a (1.39) � 1.24b (1.81) � 1.18b (1.51)
Negative emotion 1.10a (1.13) 0.82a (1.07) 0.78a (0.97)

Note: Means that do not share a superscript are different from one an-
other (po.02).

Table 4. Means (Standard Deviations) for Physiological Measures during Pre-Startle and Post-Startle Periods for Each Instructional

Group (Change Scores)

Unanticipated Anticipated Suppression

Interbeat interval
Pre-startle � 27.82a,1 (69.61) � 45.10a,1 (64.63) � 94.39b,1 (69.79)
Post-startle � 84.79a,b,2 (92.83) � 56.73a,1 (85.00) � 95.53b,1 (82.51)

Skin conductance level
Pre-startle � 0.29a,1 (0.36) 0.16a,1 (0.61) 0.68a,1 (1.33)
Post-startle 0.70a,2 (0.71) 1.03a,2 (1.3) 1.31a,2 (1.72)

Somatic activity
Pre-startle 0.05a,1 (0.37) � 0.02a,1 (0.25) � 0.01a,1 (0.20)
Post-startle 1.31a,b,2 (1.02) 1.76a,2 (1.44) 1.26b,2 (0.94)

Finger pulse transit time
Pre-startle � 5.8a,1 (22.17) 6.30b,1 (15.31) 0.80c,1 (13.3)
Post-startle � 1.32a,b,1 (11.98) 3.73a,1 (17.10) � 2.87b,2 (15.42)

Finger pulse amplitude
Pre-startle � 0.31a,1 (3.36) � 1.68a,1 (1.90) � 2.22a,1 (2.37)
Post-startle � 0.54a,1 (1.76) � 2.03a,1 (2.18) � 2.33a,1 (2.74)

Ear pulse transit time
Pre-startle � 3.57a,1 (22.40) 2.73a,1 (14.23) � 2.52a,1 (13.32)
Post-startle 4.23a,2 (16.53) 1.50a,b,1 (13.37) � 3.40b,1 (21.42)

Finger temperature
Pre-startle 0.03a,1 (1.64) 0.09a,1 (0.58) � 0.22a,1 (0.55)
Post-startle 0.21a,1 (0.53) 0.05a,2 (0.58) � 0.27a,2 (0.55)

Sympathetic composite
Pre-startle � 0.08a,1 (0.66) � 0.16a,1 (0.43) 0.19b,1 (0.39)
Post-startle � 0.23a,2 (0.45) � 0.05b,2 (0.48) 0.29c,2 (0.58)

RSA
Pre-startle 2.59a,1 (47.76) 2.59a,1 (47.76) � 13.15a,1 (44.15)
Post-startle � 4.08a,1 (33.64) � 4.65a,1 (39.73) � 4.70a,1 (46.73)

Note: Means that do not share a superscript are different from one another (po.02). Letters indicate differences in condition. Numbers indicate
differences in time.



transit time, t(166)5 � 2.30, p5 .003, and an increase, rather

than a decrease, in sympathetic activation of the cardiovascular

system t(166)5 4.10, po.001 in comparison with participants in

the no-suppression–anticipated group. Compared to the no-sup-

pression–unanticipated group, participants in the suppression

group showed a decrease, rather than an increase, in ear pulse

transit time, t(171)5 � 2.61, p5 .010, and an increase, rather

than a decrease, in sympathetic activation of the cardiovascular

system t(171)5 3.28, p5 .001. Finally, participants in the no-

suppression–anticipated group showed a smaller decrease in

sympathetic activation of the cardiovascular system, t(161)5

2.52, p5 .013, than participants in the no-suppression–unantic-

ipated group. There were no effects for the other measures.

The results indicate that participants trying to suppress their

startle responses showed greater activation in sympathetically

mediated physiological responding than the participants in the

two control groups. This effect was similar for men and women

and for participants of all ethnic groups. No suppression effects

were found for finger pulse amplitude, finger temperature, skin

conductance, and respiratory sinus arrhythmia.

Discussion

Self-regulation often requires that we inhibit prepotent respons-

es. A growing literature suggests that one common type of

self-regulationFinhibiting emotion-expressive behaviorFis

associated with decreased behavior, decreased positive emotion

experience (when participants are asked to suppress facial ex-

pressions elicited by a positive stimulus), and increased sympa-

thetic activation of the cardiovascular system. The present study

was designed to investigate the generality of these findings by

considering the effects of inhibiting the response to an acoustic

startle, a biologically prepared response that differs in important

ways from the emotional responses studied to date. Using a high-

intensity acoustic startle, we found that startle suppression led to

(a) decreased behavior, (b) no consistent change in emotion ex-

perience, and (c) indications of increased sympathetic respond-

ing. These suppression effects were comparable for men and for

women and for participants from differing ethnic backgrounds.

Relation to Prior Findings

Similar to prior findings with emotion suppression, the present

findings suggest that startle suppression consists of a two-part

response. Initially, during the preparation (pre-startle) period,

participants in the suppression group showed greater increases in

heart rate and sympathetic activation of the cardiovascular sys-

tem compared to the other two groups. During the suppression

period itself, suppression participants showed lesser expressive

behavior and greater increases in sympathetic activation of the

cardiovascular system compared to the two other experimental

groups, as well as smaller increases in somatic activity and greater

increases in heart rates compared to participants in the no-sup-

pression–anticipated group.

Despite the many differences between the present context and

contexts used in previous studies to examine emotion suppres-

sion, results were remarkably consistent. Indeed, we observed

only one point of divergence, namely the increases (as opposed to

either no change or decreases) in heart rate found in startle sup-

pression but not in emotion suppression in a context of a disgust-

eliciting film (Gross & Levenson, 1993). However, changes in

heart rate have been one of the least consistent aspects of the

emotion suppression effect; thus, we believe it is important not to

overinterpret this potential difference.

The present findings also show impressive generalizability

across sex and ethnicity. As noted above, we are not aware of

prior reports of sex or ethnic differences in the consequences of

emotion suppression. Nonetheless, in light of accumulating ev-

idence for group differences in the frequency of use of emotion

suppression in everyday life (Gross & John, 1997; Gross, Ri-

chards, & John, in press), it is intriguing that even under favor-

able conditions (e.g., the use of a large number of carefully

screened participants of various ethnicities in an experimental

session with an experimenter matched on sex and ethnicity) we

found no clear evidence of sex or ethnic differences. Like the

cross-context generality of our findings, the cross-group gener-

ality of our findings suggests that the suppression effect is quite

robust.

Implications for Self-Regulation

Self-regulation refers to a person’s ability to control emotional,

cognitive, psychophysiological, or behavioral states. One of the

fundamental questions in the literature on self-regulation is

whether there are general principles that broadly cover the many

forms of self-regulation, or whether different self-regulation do-

mains are characterized by different, domain-specific mecha-

nisms and processes.

A comparison of our previous findings regarding emotion

suppression with the present findings regarding startle suppres-

sion suggests that suppressing these two types of biologically

prepared responses has comparable consequences. As we have

previously observed in studies of emotion suppression (Gross &

Levenson, 1993, 1997), the present results indicate that suppres-

sion during a startle paradigm leads to increased sympathetic

activation of the cardiovascular system. Even heart rate, which

usually closely tracks somatic activity, was faster in participants

who were inhibiting their behavioral response. Different acts of

suppression (e.g., the inhibition of expressive behavior to startle

in the present study and the inhibition of expressive behavior to

emotion in previous studies) seem to produce a cost, namely

greater autonomic physiological responding. Our interpretation

of these findings is that the act of suppressing a biologically pre-

pared responseFwhether emotion-related or startle-relatedF
requires effort, which in turn increases the level of metabolic

demand.

These commonalities across types of suppression are impor-

tant, as they suggest that the effects of inhibiting one type of

impulse may generalize to other types of impulses. Further

evidence for common consequences of different forms of self-

regulation is provided by Baumeister and colleagues’ research on

ego depletion (Baumeister, Bratslavsky, Muraven, & Tice, 1998;

Muraven & Baumeister, 2000). This research has shown that

many different types of self-regulation (e.g., emotion suppres-

sion, restaining the impulse to eat delicious smelling cookies) lead

to ‘‘ego depletion,’’ as manifested by lesser persistence on later

demanding tasks (e.g., anagrams).

Just how far does the evidence support a common-features

view of self-regulation? In our own work, in addition to the

commonalities across different types of suppression that we have

emphasized here, we have also documented important differenc-

es among different families of specific emotion regulation strat-

egies (Gross, 2002). For example, we have found that using an

antecedent-focused emotion regulation strategy such as cognitive

reappraisal (which involves thinking in such a way as to decrease
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emotional responding) has a different physiological and cogni-

tive profile than the response-focused strategy of suppression.

Like suppression, reappraisal decreased expressive behavior;

however, unlike suppression, reappraisal had no observable con-

sequences for sympathetic activation (Gross, 1998). Other studies

also indicate that reappraisal has different cognitive consequenc-

es; emotion suppression reduces memory for emotional events

but reappraisal does not (Richards & Gross, 2000). Findings

such as these suggest that although there are common features of

self-regulation, there are also crucial differences across different

types of self-regulation. Clearly, one crucial challenge facing fu-

ture research is to better understand the nature of commonalities

(vs. differences) across different types of self-regulation.

Limitations and Future Directions

We set out to create a context in which participants would inhibit

biologically prepared responses other than canonical emotions.

We found, however, that even in the context of the acoustic star-

tle, participants reported experiencing emotion. Because the sup-

pression instructions acted both on the startle-related behaviors

and any emotion-expressive behavior generated in this context,

we were unable to completely disentangle these effects. These

findings highlight the difficulty of creating a context that involves

the inhibition of a biologically prepared response that does not

also involve emotional responding in one way or another. In

future research, it will be important to search for contexts and/or

experimental designs that allow for greater separation of the

effects of inhibiting emotional and nonemotional responding.

A second limitation of the present study is that the only in-

dividual differences we examined were sex and ethnicity. There is

growing evidence that other individual-difference approaches

such as personality factors can shed important light on the an-

tecedents and consequences of self-regulation (Gross & John,

2003). In future work, it will be important to assess individual

differences in the strength of various types of response tenden-

cies, as well as the frequency of different strategies used to mod-

ulate when and how they are enacted.

A third limitation is that we considered only one type of bi-

ologically prepared responseFthe acoustic startle, which differs

in important ways from the canonical emotions we had previ-

ously studied. In future work, it will be important to extend this

work to the inhibition of other biologically prepared responses

(e.g., blink reflex, patellar reflex). In thisway, it will be possible to

delineate more clearly the types of responses that are physiolog-

ically costly to inhibit and those that are not. Such studies will

add to our growing understanding of both commonalities and

similarities across various forms of self-regulation in the context

of different types of impulses.
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