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ABSTRACT 

Previous research has found that reminders of one's mortality provoke hostile 

reactions to those who threaten one's worldview, but such reminders have not been found 

to create conscious negative affect. Two studies were conducted to investigate the role of 

subtle affective reactions to different mortality primes as indexed by physiological 

measures. In Study 1, participants responded to an open-ended mortality or control 

treatment while skin conductance and pulse rate were recorded, and then evaluated 

worldview impinging essays. In Study 2, participants were exposed to masked 

presentations of either "death" or "pain," and then to a worldview threatening essay. 

Facial EMG was recorded throughout. Results of both studies found the expected 

increase in worldview defense following mortality primes. Whereas Study 1 found an 

increase in arousal that was not specific to mortality salience. Study 2 found greater 

corrugator EMG specifically during exposure to the death primes. Across both studies, 

there was no evidence for a mediating role of affect on worldview defense following 

exposure to death primes. Possible explanations and fliture research directions are briefly 

discussed. 
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INTRODUCTION 

It is no small wonder that we as a human race have not yet extinguished ourselves 

given the number and extent of prejudices the world has witnessed. Terror management 

theoiy (Greenberg, Pyszczynski, & Solomon, 1986; Solomon, Greenberg, & Pyszczynski, 

1991) was designed in part to address this question of why people seem to have such a 

difficult time getting along with one another. Research derived from the theory suggests 

that an awareness of death motivates people unconsciously to cling tightly to their 

culturally learned beliefs and disparage those with different beliefs. However, despite 

general findings that moods can influence person perception and prejudice (e.g., Clore, 

Schwarz, & Conway, 1994; Dovidio, Gaertner, Isen, & Lowance, 1995; Forgas & 

Bower, 1987; Isen, 1970), empirical investigations of these terror management processes 

to date have failed to find involvement of conscious negative affect. The present research 

is an effort to investigate subtle or implicit affective reactions to different mortality 

salience treatments by measuring physiological activity known to be sensitive to emotion. 

Terror Management Research 

Terror management theory (for the most recent overview and summary of research, 

see Greenberg, Solomon, & Pyszczynski, 1997), based largely on the writings of Otto 

Rank (e.g., 1929) and Ernest Becker (e.g., 1973), posits that advanced cognitive abilities 

to think abstractly and symbolically led to the uniquely human capacity to be aware of the 

fragility of existence and the inevitability of one's mortality. This awareness, when 

juxtaposed with a biological proclivity for self-preservation, creates the potential for 
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existential terror. In order to manage this terror, people invest in, and identify wath, 

cultural beliefs and ideologies. 

The theory has generated the hypothesis that reminders of mortality should therefore 

lead people to react favorably to those v/ho support their beliefs and unfavorably to those 

who threaten them (worldview defense). Considerable research has provided support for 

this hypothesis (e.g., Rosenblatt, Greenberg, Solomon, Pyszczynski, & Lyon, 1989; 

Greenberg, Simon, Pyszczynski, Solomon, & Chatel, 1992). Although most research has 

operationalized mortality salience by having participants answer two open-ended questions 

about their death, these effects have been replicated using a variety of mortality salience 

inductions and a variety of self-report and behavioral measures of reactions to others (e.g., 

Pyszczynski et al., 1996; Nelson, Moore, Olivetti, & Scott, 1997). Moreover, they have 

been replicated in Canada (Baldwin & Wesley, 1996), Israel (e.g., Florian & Mikulincer, 

1997), Germany (Ochsmarm & Reichelt, 1993), and the Netherlands (Dechesne, 

Greenberg, Amdt, & Schimel, 1999). Comparisons with a variety of other potentially 

threatening conditions ~ such as thoughts of intense pain, dental pain, paralysis, failure, 

giving a speech in public, future worries, social exclusion, and an upcoming exam ~ 

indicate that these effects are unique to thoughts of mortality (e.g., Greenberg et al., 1995; 

for a review see Greenberg et al., 1997). 

Recent research has also begun to elucidate the cognitive processes and temporal 

sequence through which mortality salience effects occur. Specifically, these effects 

emerge only after participants are distracted from death related thoughts and when such 
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thoughts are highly accessible but not in focal attention (Greenberg, Pyszczynski, 

Solomon, Simon, & Breus 1994; Amdt, Greenberg, Solomon, Pyszczynsld, & Simon, 

1997a; Greenberg, Amdt, Simon, Pyszczynski, & Solomon, in press). Consistent with the 

idea that unconscious mortality concerns motivate worldview defense, the results of three 

studies indicate that death word primes presented below the threshold of awareness 

nonetheless increase death thought accessibility and worldview defense; this increase is 

relative to masked neutral word primes, masked pain word primes, and supraliminal death 

word primes (Amdt, Greenberg, Pyszczynski, & Solomon, 1997b). Additional studies 

also indicate that the same conditions leading to increased accessibility of death-related 

thoughts lead to elevated worldview defense (Harmon-Jones et al., 1997; Simon et al., 

1997), and that worldview defense following mortality salience reduces death accessibility 

(Amdt et al., 1997a). Taken together, the research suggests that worldview defense 

occurs in response to increased death thought accessibility. 

The Present Research 

Despite this understanding of the nature of terror management, there remain some 

puzzling aspects to mortality salience effects. Specifically, although the theory posits that 

anxiety fi-om the realization of the fragility of existence exerts a powerful influence on 

human social behavior, the conscious experience of negative affect does not appear to be 

involved with mortality salience induced worldview defense. The research reviewed 

above, relying primarily on self-report measures of affect, has failed to find any consistent 

effects of mortality salience on affect nor any evidence of affective mediation in the 
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evaluations of the worldview impinging targets. Moreover, based on Wegner and 

colleagues' work (e.g., 1992) suggesting that a cognitive load manipulation limits 

cognitive resources and therefore impairs suppression processes, Amdt et al. (1997a) 

found no effects on self-reported affect as a function of increased cognitive load when 

affect was measured either immediately after a mortality salience or a dental pain control 

treatment (Study 1), or after a lengthy delay (Study 2). This suggests that participants 

may not be suppressing conscious affect. Study 3 of that research also measured affect 

after participants were either given the opportunity, or not given the opportunity, to 

defend their worldview following mortality salience, and similarly found no effects 

involving affect. 

We have argued that conscious affect is not necessary for terror management to 

occur because of the existing buffers of the worldview and self-worth of participants, and 

because during the socialization process people learn to avert the potential for terror by 

engaging these defenses whenever a relevant threat is perceived. From a terror 

management perspective, people leam to cope with the awareness of the fragility and 

mortality of their existence as children and defensive responses may therefore be learned 

as a means of avoiding the experience of negative affect. Indeed, one way to think about 

the theory is as an attempt to explain how people conduct their daily affairs without 

experiencing the fears that the awareness of mortality might be expected to engender. 

Although conscious affect does not appear to play a role in these effects, this does 

not necessarily preclude the involvement of a subtle or implicit affective reaction to 



mortality salience. Indeed, it remains possible that the mortality salience inductions used 

in previous terror management research have been creating affect not detectable with self-

report measures. A number of researchers have posited that affect of which an individual 

is unaware can influence behavior and mental processes (e.g., Clore et al., 1994; Forgas, 

1992; Murphy, Monahan, & Zajonc, 1995). With a particular focus on emotions of fear, 

for example, Ohman and colleagues (e.g., Ohman, Dimberg, & Esteves, 1989) have 

proposed that a pre-attentive, automatic analysis of fear-relevant stimuli can elicit subtle 

affective reactions. Research indicates, for example, that phobic participants show 

increased skin conductance specifically to the object of their phobia when it is visually 

identifiable or visually masked (Ohman & Soares, 1994). From this perspective, 

physiological components of a phobic reaction to a relevant stimulus may be generated 

before the individual is consciously aware of that stimulus. In a similar manner, if 

worldview defense is a learned response to the accessibility of death-related thoughts, the 

possibility remains that death thoughts signal the initiation of the response by producing 

subtle affective reactions. To assess this possibility, the present research therefore: 1) 

used physiological measures of arousal and emotion in response to mortality salience 

treatments; and 2) investigated whether potentially subtle emotional responses to mortality 

salience are related to subsequent worldview defense. 
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STUDY ONE 

One previous study assessed the effects of the open-ended mortality salience 

treatment on electrodermal arousal. In Rosenblatt et al. (1989), Study 5, participants 

responded to the mortality salience questionnaire while their skin resistance, pulse rate, 

and pulse volume were recorded. Control participants responded to questions about 

eating or did not respond to questions. All participants then made bond recommendations 

for a person who violated their worldview (i.e., an alleged prostitute). The results of this 

study indicated that whereas mortality salient participants recommended higher bonds than 

control participants, there were no differences in physiological arousal and what arousal 

there was did not covary with extent of worldview defense. There are several factors in 

this study, however, that suggest the need for a conceptual replication. First, although 

unlikely to account for the findings, skin resistance was measured. Whereas skin 

resistance is a recognized indicator of generalized arousal, skin conductance is generally 

considered to be the measure of choice among psychophysiology researchers because it 

more precisely reflects the gland activity on the skin surface (see e.g., Venables & 

Christie, 1980; Dawson, Schell, & Filion, 1990). Second, when examining responses that 

are not directly preceded by an aversive stimulus, Dawson et al. (1990) and others point 

out that it is potentially usefiil to assess non-specific skin-conductance responses (NS-

SCRs); i.e., the fluctuation of peaks in the SCR that exceed a given criterion rather than 

just the overall level of the response. Finally, because control participants contemplated a 

neutral situation, it would be interesting to contrast the effects of the mortality salience 
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treatment with the prospect of another aversive situation in the context of recording 

physiological activity. 

In Study 1, we therefore followed Rosenblatt et al. (1989) and investigated the eflfects 

on physiological arousal of the open-ended mortality salience treatment that has been used 

in a majority of terror management studies. We measured electrodermal activity as 

indexed by skin conductance responses and assessed both skin conductance level (SCL) 

and non-specific skin conductance responses (NS-SCRs). SCL measures the tonic level of 

the electrical conductivity of the skin and has been identified as a reliable indicator of the 

sympathetic arousal associated with cognitive operations (Folwes, 1980; 1988). The 

measurement of NS-SCRs as a measure of arousal is also widely supported by 

psychophysiologists (e.g., Edelberg & Muller, 1978). In addition, to provide a more 

general measure of physiological activation, we also recorded participants' pulse rate. 

Following a four min rest period during which baseline skin conductance and pulse 

rate were recorded, participants were randomly assigned to receive either the open-ended 

mortality salience questionnaire or a questionnaire pertaining to their next important exam. 

Physiological activity was recorded continuously during the contemplation of these topics 

and also during a 3 min period following the completion of these forms. In an ostensible 

second study, participants evaluated two targets; one who derogated the United States 

and one praised the United States. We expected to replicate the effect of mortality 

salience on target evaluations and find more pro-U.S. bias among participants who 

contemplated their death. If this mortality salience treatment does create arousal, then this 



15 

arousal may be revealed through skin conductance measurement. However, if as 

Rosenblatt et al. (1989) suggests, electrodermal activity does not reflect a unique affective 

impact of this mortality salience treatment, then we would expect to see no differences 

between the mortality salient and exam salient conditions. 

Method 

Participants and Design 

Twenty-seven introductory psychology students participated in the study for partial 

fiilfillment of a course research requirement. Three participants were dropped from the 

sample for reporting suspicion about the purported authorship of the essays, leaving a 

total of 10 male and 14 female participants who were randomly assigned to receive either 

the mortality salience treatment or control treatment. 

Physiological Measures 

During the experimental session, participants sat in a comfortable recliner chair in a 

moderately lit cubicle. The cubicle was adjacent to the main room and structured such 

that a small 6" X 18" window was located behind and off to the right of the participant's 

head (while seated in the recliner) enabling the experimenter to observe the participant, 

and in particular, the specific questionnaire to which the participant was responding. 

The apparatus used to measure skin conductance level was a Biopac Systems model 

MPlOO monitoring system with a GSRIOOA galvanic skin response amplifier. The 

apparatus was in the cubicle, clearly visible to the participants, and was connected to a 

computer situated outside the cubicle on which the data read-out was displayed. Thus, 
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participants were unable at any time to see their skin conductance read-out. Skin 

conductance was monitored continuously on-line, sampled at 25 Hz, and saved in digitized 

format for offline scoring. SCL was derived by computing mean response levels for the 

predefined baseline, active contemplation, and post contemplation intervals, respectively. 

NS-SCRs for each interval were counted and included any response equal to or greater 

than .05 micro-siemens (e.g., Ohman & Soares, 1994). 

Pulse rate was monitored through a Cateye model pl6000 photopliethsmograph ear 

clip heartbeat counter attached to the lobe of the participant's right ear. The ear clip was 

connected to a display unit also situated outside the cubicle at the experimenter's desk. 

Average pulse rates for the baseline, active contemplation, and post contemplation 

intervals were obtained by dividing the cumulative pulse level by the elapsed time of that 

interval. 

Procedure 

Participants were run individually. The experiment was introduced as two separate 

short studies, the first to look at "physiological responses to filling out a variety of 

personality measures", and the second to look at "how Americans react to impressions of 

the United States held by people from foreign countries". The experimenter explained that 

in the first study she would be attaching a little clip to the participant's ear and some discs 

to their fingers, in order to monitor their physiological responses as they completed some 

standard personality questionnaires. 

Aflier reading and signing a consent form that described the study in the above 
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fashion, participants were asked to go across the hall to the bathroom and wash their 

hands with (non-abrasive) soap in order to remove any naturally occurring grease and oils. 

Having returned, the participant was escorted to the cubicle and seated in the recliner. 

Each of the steps in attaching the participant to the physiological equipment was fiilly 

explained to the participant. The procedure for electrode placement and physiological 

measurement follows closely that recommended by Dawson et al. (1990). The recording 

sites on the skin of the non-dominant hand were first rinsed with distilled water and then 

rubbed dry with generic cotton swabs to once again, "make sure that there are no naturally 

occurring oils". In the service of measuring skin conductance, electrode collars in 

conjunction with velcro straps were used to attach two Beckman Ag/AgCl 8-mm-diameter 

electrodes filled with NaCl paste in a unibase medium to the distal phalanges of the first 

and second fingers of the participant's non-dominant hand. Electrode collars were first 

attached to ensure that a standard area of the finger was in contact with the paste. The 

experimenter explained that the paste was used to help send a clearer signal that would 

measure the activity of the sweat glands and then proceeded to attach the ear clip to the 

participant's right ear lobe and explained that this would measure heart rate. The basic 

functioning of the equipment was then described; that the information goes fi^om the 

participant's fingers to the box located in the cubicle which then sends it to the computer 

outside the cubicle where the experimenter sits. The experimenter also mentioned that the 

window was there so that she could take a peak in periodically and "make sure that 

everything is going OK". After telling the participant to relax for a few minutes as 
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baseline, or resting levels, were obtained, the experimenter left the cubicle and began 

recording. 

Mortality Salience Treatment After a four minute baseline period, the experimenter 

returned to the cubicle and handed the participant a lap board on which to write and the 

packet of personality questionnaires. This packet contained two filler items, the mortality-

salience questionnaire or exam salience questionnaire, and the PANAS-X mood scale 

(Watson & Clarke, 1992), a self-report measure of positive and negative affect. The 

mortality salience treatment (Rosenblatt et al., 1989) consisted of having participants 

respond to two open-ended questions: "Please briefly describe the emotions that the 

thought of your own death arouses in you" and "Jot down, as specifically as you can, what 

you think will happen to you physically as you die and once you are physically dead". 

Parallel questions were asked with respect to taking important exams. Taking an 

important exam was used to address the hypothesized difference in arousal levels resulting 

fi-om a contemplation of other aversive situations as opposed to one's mortality. 

The experimenter used the window to observe the participant and note when s/he was 

responding to either the mortality questionnaire or the exam questionnaire and marked 

that time period on both the skin conductance and pulse rate data acquisition (in debriefing 

no participant reported being bothered by the presence of the window nor knew when or if 

the experimenter had observed her/him). To advance the cover story that there were two 

"separate studies", when finished with the packet of personality questionnaires, the 

experimenter unhooked the participant fi-om the equipment, brought the participant out of 
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the cubicle to the main room, and showed the participant the computer on which the skin 

conductance responses were displayed. Participants were shown a sample recording that 

was not their own and were told that this was somebody else's responses because "their's 

had to be transcribed to fit the on-screen display". All participants saw the same sample 

display. 

Worldview Defense. Because the first experimenter observed which questionnaire 

the participant was responding to (either the mortality salient or exam salient), she was 

unable to remain blind to the conditions of the study. As a result, we used a second 

experimenter to administer the essays and evaluations that constituted our dependent 

measure of worldview defense. After showing the participant the sample display, the first 

experimenter informed the participant that the "first study" was finished and that she 

would go next door and get another experimenter for the "second study". The first 

experimenter left and after a few moments the second experimenter entered and explained 

that the "second study" consisted of reading two brief essays written by foreign students 

and evaluating them. One of the essays was pro-American and the other was anti-

American (see Greenberg et al. 1992, for a description of the essays). The essays were 

counterbalanced for order of presentation. The evaluation measure consisted of three 

questions assessing the participant's evaluations of the author (the extent to which 

participants liked the author, thought he or she was intelligent, and thought he or she was 

knowledgeable) and two questions assessing participant's evaluations of the essay itself 

(the extent to which participants agreed with the argument and thought the arguments to 
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be valid). These questions were answered on 9 point scales with 1 = the negative anchor 

and 9 = the positive anchor. Participants then returned to the same cubicle to ensure their 

privacy and completed the essays and evaluations. After finishing the evaluations, 

participants were debriefed and thanked for their time. 

Results' 

Defense of Worldview 

The primary focus of the present study was to investigate differences in physiological 

arousal that occur as a result of the contemplation of one's mortality as opposed to 

another aversive situation. However, before testing our primary hypothesis concerning 

the effects of mortality salience on physiological arousal, we first needed to ascertain 

whether, as in previous studies, mortality salience led to increased worldview defense. 

Only in this way could we be sure that any arousal seen in the mortality salience condition 

would be indicative of the psychophysiological processes involved in the increased 

worldview defense typically engendered by mortality salience. As in prior research (e.g., 

Greenberg et al., 1994), we computed one composite measure of worldview defense, 

mean reactions to the pro-American essay minus mean reactions to the anti-American 

essay such that higher scores indicate greater pro-American bias and lower scores indicate 

less bias. 

Because our prediction of increased worldview defense after mortality salience were 

1 

All initial analyses for this study and for Study 2 included sex of participant as a factor 
but because no significant interactions were found involving mortality salience, it is not 
discussed further. 
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based on extensive previous research (e.g. Greenberg et al. 1997, for a review), we 

conducted a one-tailed (mortality salience vs. exam control) t-test. Consistent with 

previous research, this analysis revealed a main effect for mortality salience, t(22)=2.34, 

£<.02, with mortality salient participants exhibiting greater pro-American bias than control 

participants, means of 1.60 (SD = 1.67) and -.23 (SD = 2.14), respectively. Thus, 

mortality salience clearly increased the extent to which participants preferred the pro-

American target over the anti-American target, thus replicating the cultural worldview 

defense effect. 

Phvsiological Arousal 

Skin Conductance. In order to conduct our analyses without the influence of 

participants' initial acclimation to the experimental situation (e.g.. Smith, Houston, & 

Zurawsid, 1984), we used the last two minutes of the first recording period as a baseline 

measure of physiological activity. To assess the possibility that there may have been 

differences in SCL and NS-SCRs as a function of mortality salience during or after this 

induction, we conducted a 2(questionnaire: mortality salience vs exam salience) X 

3 (period; baseline vs during questionnaire vs post questionnaire) analysis of variance 

(ANOVA) with the last factor within-subjects and found main effects for period on SCL 

and NS-SCRs, both Fs>27.00, £s<.001. As the means in Table 1 indicate, these effects 

reflect a pattern of increased sldn conductance during and after questionnaire completion 

relative to baseline, all ts>5.00, £s<.001, but no differences between these two periods, 

ts<l. There were, however, no main or interaction effects for mortality salience, Fs<l. 



These means are presented for the reader's inspection in Table 2. Taken together these 

analyses indicate that our skin conductance measures were in fact sensitive to increases in 

arousal that occurred as a result of completing the mortality and exam salience 

questionnaires. As in previous research, however, whereas writing about one's mortality 

does increase worldview defense relative to writing about exams, it does not appear that 

writing about one's mortality leads to differential skin conductance responses either during 

or immediately following its conscious contemplation." 

To assess the relationship between skin conductance responses and worldview 

defense, we inspected within-cell correlations between the worldview defense bias 

composite and SCL and NS-SCRs both during the manipulation questiomiaire and 

immediately after it. To create SCL and NS-SCR scores that would take into account 

baseline levels, we constructed two composite scores that consisted of activity during or 

after the questionnaire minus activity of the last two minutes of the baseline period. None 

of the correlations within the mortality or exam salience conditions approached 

significance (all rs<.31, pis>.33), suggesting there were not reliable relationships between 

these measures of physiological arousal and subsequent worldview defense. 

To more thoroughly investigate the possible effects of mortality salience on physiological 
arousal, we also conducted analyses using other data analytic techniques. Two (mortality 
salience vs exam salience) analyses of covariance (ANCOVAs) on SCL and NS-SCRs 
during and after the questionnaire v/ith the last minutes of the baseline for the respective 
measure as a covariate also revealed no significant effects for mortality salience. 
Additionally, we computed within-subject z-scores for each participant for each of the 
physiological measures and subjected these scores to the same analyses described above 
and found the same main effects for period but no significant effects for mortality salience. 



Pulse Rate. To further investigate the psychophysiological consequences of a 

contemplation of one's mortality, we examined participants' pulse rates in a 2 (mortality 

salience vs exam salience) X 3 (period: baseline vs during questionnaire vs post 

questionnaire) ANO VA with the last factor within-subjects. This analysis revealed a main 

effect for period, F (2,42) = 4.06, £<.05. Similar to skin conductance, as the means in 

Table 1 indicate, this effect reflected increases from baseline during and after participants 

completed the mortality or exam salience questionnaire, both ts>2.04, £s<.05. The latter 

two periods did not differ from one another, t<l. In addition, there was also a marginally 

significant interaction between questionnaire and period, F (2,44) = 2.67, £<.09. Cell 

means for this marginal interaction are presented in Table 3. Pairwise comparisons 

revealed that mortality salience had little effect on pulse rate, ts<l, and that thinking about 

exams increased pulse rate from baseline during and following the questionnaire, both 

ts>2.37, £S<.05. Thus, with this measure of physiological arousal, although only the main 

effect for period reached conventional significance, there appeared to be greater increases 

in pulse rate among exam salience participants. 

To assess the relationship between worldview defense and pulse rate, we inspected 

within-cell correlations between pulse rate during and after the manipulation questionnaire 

and the worldview defense bias composite. As with SCL, we created two composite pulse 

rate scores that would take into account baseline levels by subtracting the mean pulse rate 

of the last two minutes of the baseline period from the mean pulse rate both during and 

after the manipulation questionnaire. None of the within-cell correlations between pulse 
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rate and bias approached significance for either condition (all rs<.20, £s>.60). 

Self-Report Affect 

The PANAS-X, administered immediately following the manipulation questionnaire, 

is comprised of thirteen subscales that include positive affect, negative affect, fear, 

hostility, shyness, guilt, sadness, joviality, self-assuredness, serenity, surprise, and fatigue. 

One-way (mortality salience vs. exam control) ANOVAs on these subscales revealed no 

effects of treatment, all ps>.20, replicating the lack of conscious affect found to follow 

mortality salience in many prior studies. 

Discussion 

The results of our first study replicated previous research and found that asking 

participants to contemplate their mortality led to increased pro-American bias relative to 

their exam salience counterparts. This study also found increases in skin conductance 

(both SCL and NS-SCRs) relative to baseline during and after participants completed the 

critical manipulation questionnaire, although as with Rosenblatt et al. (1989), there was no 

differential change in skin conductance as a function of whether participants completed the 

mortality or exam salience questionnaire. Thus, this elevation in skin conductance from 

baseline was either due to the generally aversive nature of both topics or may have derived 

simply fi-om the performance of the task. This later possibility of participants being 

actively involved in an experimental task as compared to when their baseline measures 

were obtained would also account for why we did not observe a habituation of this 

physiological response as is often found in skin conductance studies (Dawson et al.. 
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1990). In either case, there is no basis on which to conclude that the mortality salience 

induction uniquely engendered arousal, despite activating the tendency to engage in 

worldview defense. 

Analyses of pulse rate as another measure of physiological arousal also failed to find 

that a mortality salience treatment that increases worldview defense will increase arousal. 

Indeed, with pulse rate, the significant increase in arousal seemed to be more with regard 

to control condition participants; i.e., it was the exam salience condition that showed 

increased pulse rate and not the mortality salience condition. Another possible explanation 

for this difference in pulse rate between the mortality and exam salience conditions 

concerns the focus of attention the treatments may have engendered. Previous research 

indicates that measures of heart and pulse rate vary with the direction of attention. 

Specifically, rates tend to decelerate when attention is focused externally, perhaps to 

facilitate effective engagement with the environment, and accelerate when attention is 

focused internally on the self (Cacioppo & Sandman, 1978; Jennings, 1986; Lacey, Kagan, 

Lacey, & Moss, 1963). Thus, in addition to the possibility that the process of writing 

created arousal, it may be that the increase in pulse rate among exam salient participants 

reflects a shift in attention to the self as they contemplated this topic. For mortality salient 

participants, in contrast, there may also have been a tendency for pulse rate to increase 

due to arousal fi-om writing, but this may have been juxtaposed with a tendency toward 

deceleration as these participants shifted their attention outside the self Consistent with 

this possibility, recent research has found that mortality salience leads to an active 



avoidance of self-focused attention (Arndt, Greenberg, Simon, Pyszczynski, & Solomon, 

1998). Future work that also examines other measures of cardiovascular activation such 

as vascular resistance (e.g., Tomaka, Blascovich, Kelsey, & Leitten, 1993) may be able to 

more precisely specify how thoughts of mortality, relative to other topics, affect 

attentional direction and preparation for engagement with the environment. 

It is important to note, however, with both skin conductance and pulse rate, there 

was no indication that arousal mediated mortality salience induced worldview defense. 

Taken at face value, these results would seem to indicate that arousal does not play a role 

in the worldview defense that is provoked by reminders of mortality. There are issues, 

however, that preclude reaching such a conclusion. Because this study found no unique 

effects for mortality salience on arousal, the strongest claim that can be made is that the 

present data provide no evidence for the role of arousal in mortality salience effects. This, 

of course, leaves open the possibility that affective responses are occurring that we have 

been unable to detect. One issue with the present study is that participants were writing 

while we collected our physiological measures. Although some research has found 

predicted skin conductance effects while participants were in the process of writing (e.g., 

Croyle & Cooper, 1983), skin conductance and other physiological indices are strongly 

susceptible to movement artifacts (Dawson et al., 1990). However, because we affixed 

the electrodes to the fingers of participants' non-dominant hand, it seems unlikely that 

artifacts that occurred as a result of writing could account for why we saw no differences 

in skin conductance between mortality and exam salience participants. Nonetheless, the 



process of writing may itself have created arousal that obscured our ability to detect any 

unique arousal effects of mortality salience. 

These possibilities suggest another issue to consider before drawing any strong 

conclusions from these results. Skin conductance is not necessarily the most sensitive 

physiological technique through which to assess subtle affective reactions. Although 

numerous studies have used skin conductance to index arousal in response to threatening 

stimuli (see e.g., Amdt, 1999; Blascovich & Kelsey, 1990; Cacioppo, Bemston, & Crites, 

1998; Dawson et al., 1990), other research has found that measures such as facial 

electromyography (EMG) are better suited for assessing subtle affective reactions. For 

example, research indicates that mildly evocative emotional stimuli can produce effects on 

facial EMG regions not detectable with skin conductance measurement (Cacioppo, Petty, 

Losch, & Kim, 1986). Indeed, Dimberg has found that with less intense stimuli, there is 

no relation between autonomic and EMG activity (as cited in Dimberg, 1990). Thus, 

affective reactions may be occurring that we have not yet detected. We therefore 

designed a second study using facial EMG to assess the possibility of mortality salience 

induced affect. 



STUDY TWO 

As mentioned previously, a recent line of research has used a masked death word 

priming paradigm to provoke worldview defense effects. Specifically, Amdt et al. (1997b) 

have shown that subliminal presentations of the word 'dead' or 'death' lead to more 

extreme evaluations of targets who impinge on participants' worldview than do subliminal 

neutral primes, subliminal pain primes, or than supraliminal 'dead' primes. The procedure 

used in this research presents advantages over the use of the written questionnaire because 

computer generated stimuli and responses allow for better control over participant 

movement and over timing of stimulus presentation. This should reduce artifacts in the 

physiological signals and also enable more precise linking of participants' physiological 

reactions to the stimuli. 

In addition, in Study 2, to employ a more sensitive measure of affect, we recorded 

facial EMG. If the subliminal primes do create emotional effects, it is likely that they will 

be quite subtle and thus more suitably measured with a more sensitive technique. Facial 

EMG has other advantages over SCR as well. The time resolution of SCRs to discrete 

stimuli is not well suited for use with the present subliminal paradigm. The latency 

between stimulus onset and initiation of the typical SCR to a discrete stimulus is between 

1 and 3 sec, the peak response may occur up to 3 sec after initiation, and the activity has a 

half recovery time of up to 10 sec (Dawson et al., 1990). Thus, the overall duration of a 

skin conductance response may last for up to 16 sec. Given that the critical stimuli in the 

subliminal presentation procedure are displayed for only 28 ms and the time between the 
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different stimuli is so short, the SCR may not be able to reveal the affective impact of the 

stimuli. By contrast, facial EMG provides a continuous measure of facial muscle activity 

associated with affect that has much better temporal resolution. In addition, although 

SCRs are thought to be linked to anxiety (Ohman & Scares, 1994), they indicate general 

arousal levels and do not permit inferences about affective valence (Dawson et al., 1990); 

facial EMG, by contrast, allows for inferences about positive or negative affect. 

Facial EMG and Emotional Responses 

Based on the early theorizing of Darwin (1872), and the subsequent work of Ekman 

and colleagues (e.g., Ekman, 1973) on the role of facial expressions in emotion, the 

measurement of facial EMG activity has been used to reveal subtle affective reactions to 

stimuli (Cacioppo, Tassinary, &. Fridlund, 1990). Briefly, Darwin's hypothesis was that 

particular facial muscle patterns are activated during certain emotional episodes. Because 

even minute contractions of the facial musculature elicit recordable motor action 

potentials, the amplitude of responses to evocative stimuli can be measured (Cacioppo et 

al., 1990). In the present context, there are three reasons to hypothesize that subliminal 

death primes will preferentially lead to patterns of facial EMG indicative of emotion. 

First, facial EMG appears to be sensitive to subtle emotional responses. Second, facial 

EMG appears to be responsive to fear-relevant stimuli. Third, although there is less 

research in this area, some findings suggest that facial EMG is sensitive to emotional 

stimuli presented outside of conscious awareness. We briefly review each of these factors 

below. 
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In one of the first studies investigating facial EMG markers of emotional responses, 

Schwartz, Fair, Salt, Mandel, and BCIerman (1976) found that asking people to imagine 

positive emotional episodes revealed decreased corrugator supercilia muscle region 

activity (brow, hereafter referred to as corrugator region) and increased masseter (mouth) 

and depressor (jaw) region activity. Negative emotional episodes, in contrast, revealed 

increased corrugator and depressor region activity. Although the effects of emotional 

stimuli on the masseter and frontalis regions seem to be weaker and less consistent 

(Schwartz, Brown, & Ahem, 1980), subsequent research has converged on the finding 

that EMG activity during negative emotional episodes increases in the corrugator region 

and decreases in the zygomaticus major muscle region (cheek, hereafter referred to as the 

zygomaticus region; Cacioppo et al., 1986). These physiological responses, moreover, 

appear to be sensitive to subtle and fleeting emotional reactions. Cacioppo et al. (1986) 

found that, in the absence of visually observable facial differences, facial EMG patterns 

distinguished between participants' responses to mildly and moderately evocative 

emotional pictures. This sensitivity of facial EMG to emotional experience also extends 

beyond reactions to experimenter directed imagery and controlled stimuli. Cacioppo, 

Martzke, Petty, and Tassinary (1988) interviewed participants about themselves while 

continuously recording EMG fi-om the corrugator region. The results of this study found 

that activity covaried with the transient emotions participants experienced during the 

interview. During periods participants reported feeling negative emotions, there was 

increased corrugator activity relative to periods during which participants reported 
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positive emotions. 

Psychophysiological techniques measuring facial EMG have also been used to 

investigate reactions to stimuli regarded as fear relevant by virtue of their evolutionary 

history. Studies by Dimberg and colleagues (as cited in Dimberg, 1990) have presented 

participants with pictures of fear relevant stimuli such as snakes and pictures of fear-

irrelevant stimuli such as flowers. The results indicated that fear relevant stimuli elicited a 

"negative" response characterized by increased corrugator region activity relative to 

zygomaticus region activity. Positive stimuli such as flowers, in contrast, showed elevated 

zygomaticus region activity relative to corrugator region activity. Moreover, subsequent 

research determined that greater corrugator than zygomaticus region activity for fear 

relevant stimuli was present only for participants with pre-existing fears for each particular 

stimulus (as cited in Dimberg, 1990). Unfortunately, Dimberg (1990) only reports 

difference scores for these studies. Thus, it is not known whether these stimuli provoked 

decreased zygomaticus region activity (positive responses) or increased corrugator region 

activity (negative responses) or both. Based on the evolutionary argument that humans 

are biologically predisposed to respond negatively to angry faces, other studies have 

hypothesized and found that while happy faces provoke increased zygomaticus region 

activity, angry faces increase activity in the corrugator region (Dimberg, 1982). Although 

Dimberg's work makes no distinction between evolutionary conditioned negative stimuli 

and non-evolutionary conditioned negative stimuli, this research is consistent with the idea 

that fear relevant stimuli can produce EMG patterns that correspond to negative emotions. 
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Less research has been conducted on the effects of emotional stimuli presented 

without conscious awareness on facial EMG. Wexler, Warrenburg, Schwartz, and Jamer 

(1992) reported evidence that unconsciously perceived stimuli can elicit facial EMG 

responses. Specifically, they exposed participants to fused dichotic auditory stimuli that 

subliminally primed either positive, neutral, or negative emotional words and recorded 

both electroencephalographic (EEG) activity and facial EMG fi-om the corrugator and 

zygomaticus muscle regions. Of present interest is the finding that during the 10 seconds 

following presentation of negative as opposed to positive subliminal stimuli, participants 

showed increased corrugator region activity. 

Other studies, however, have failed to find effects of subliminally presented emotional 

stimuli on facial EMG. Robles, Smith, Carver, and Wellens (1987) found that subliminally 

presented threatening emotional material led to increased self-report anxiety relative to 

neutral and positive stimuli. Smith (1993) tried to replicate this study while recording 

EMG from the frontalis muscle region of the forehead to measure anxiety and found no 

differences. Similarly, Lee and Tyrer (1981) also found that subliminally presented 

emotional stimuli did not produce effects on EMG measured fi'om the frontalis region and 

fi"om the forearm. Neither study, however, measured activity from the corrugator and 

zygomatic muscles. Moreover, other research has indicated that the effects of negative 

emotional stimuli on the frontalis region may be weaker than the effects on the corrugator 

region (Schwartz et al., 1980). Given this limitation of the studies yielding null results, 

and the positive results of Wexler et al. (1992), facial EMG in response to subliminal death 
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primes may be fertile terrain to explore. 

Overview 

If reminders of mortality produce negative affect, assessment of facial EMG may 

reveal more activity in the corrugator muscle regions during exposure to masked death 

primes relative to masked pain primes. The primary purpose of the present study is to 

assess this possibility. A second purpose of the present study is to assess involvement of 

facial EMG in the elevated worldview defense previously found to follow the masked 

death primes. If facial EMG reveals effects of the death primes, these effects may or may 

not arise independently of the effects of the death primes on worldview defense. For 

example, the death primes may increase physiological activity, which in turn, influences 

reactions to the worldview relevant target. On the other hand, death primes may increase 

physiological activity but in a way that has no relation to the extent of worldview defense. 

In addition, we also wanted to assess the effects on physiological responses of worldview 

defense following death primes. If worldview defense is driven by subtle affective 

reactions to mortality salience, then after defense of the worldview, there might be 

changes in subtle affect. 

To investigate these possibilities, after exposure to the prime, half of the masked 

death prime participants and all the pain prime participants read a worldview threatening 

essay and responded to it in a way that afforded the opportunity for worldview defense. 

The remaining death prime participants read the essay but were not given the opportunity 

to respond defensively. In this way we can assess whether the opportunity to defend the 
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worldview reduces negative afifect relative to a condition in which mortality salient 

participants are not given such an opportunity. If the present study replicates Amdt et al. 

(1997b), participants exposed to the masked death primes should sihow elevated 

worldview defense relative to pain prime participants when given the opportunity. If these 

dead primes lead to subtle negative affect, then participants exposed to the dead primes 

should show more corrugator activity than pain prime participants. By continuously 

recording facial EMG during the experiment, the present study also offers the opportunity 

to assess the potentially mediating relationship between subtle affective reactions and 

worldview defense. 

Method 

Participants and Design 

Participants were exposed to subliminal primes of "death" or "pain" and given an 

opportunity to defend their worldview or not given such an opportunity. Specifically, 

introductory psychology students were randomly assigned to one of three conditions 

("death/defend", "death no/defend", and "pain/defend").^ Using a modified version of the 

program employed in Amdt et al. (1997b), participants in the first two conditions were 

exposed to masked presentations of non-words, neutral words, and the word "death". 

Participants in the third condition were exposed to masked presentations of the same 

words except that "pain" primes were substituted for the "death" primes. Afi;er these 

3 

A pain no-defend condition was not included because there is no reason to expect that 
not being given the opportunity to defend the worldview when the prime does not increase 
worldview defense will have any effects on reducing negative affect. 
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exposures, half of the death prime and all the pain prime participants read and evaluated a 

worldview threatening essay (death/defend condition and pain/defend condition, 

respectively) and the remaining death prime participatits read the same essay but were not 

afforded the opportunity to defend their worldview (death/no-defend).'* 

Procedure 

Upon arriving at the laboratory, the participant w&s told that the purpose of the study 

was to investigate psychophysiological reactions to di^erent aspects of word processing 

including word relationships and written word reading. The experimenter, who was blind 

to participant's condition, offered a brief overview of what participants would be doing, 

provided a tour of the laboratory, gave the participant a consent form to read and sign, 

and, after they did so, attached the electrodes. Participants were then led to a dimly lit, 

sound attenuated subject chamber which housed a reclining armchair, stereo speakers, and 

a computer monitor, keyboard, and mouse. With the exception of the experimenter's 

delivery of the target essay, the participant then proceeded self-paced through the 

experiment with no other interaction from the experimenter. After completing all the tasks 

and materials detailed below, participants were probed for suspicion, fully debriefed, 

thanked for their time, and compensated with research credits. 

Phvsiological Measures. The electrode attachment and recording were in accordance 

with the general guidelines and placements described by Fridlund and Cacioppo (1986). 

4 

Additional exploratory measures were also included following defense of the worldview. 
However, because there were no effects involving condition even approaching significance 
on any of these measures, they are not reported. 



Facial sites were first cleansed with alcohol and then lightly abraded with Omni Prep gel 

and a cotton applicator stick. Using a bipolar placement method, .25 cm diameter surface 

Ag-Agcl electrodes, filled with Quick Gel conductance paste, were affixed to the left 

corrugator supercilia and zygomaticus major muscle regions. The two electrodes for each 

site were spaced approximately 1 cm apart. The ground electrode was placed at the 

central midline of the forehead. Interelectrode impedances were reduced to less than 10 

Kohms in all cases. Physiological measures were recorded continuously during the 

experiment with the exception of the period during which the experimenter entered the 

subject chamber to deliver the worldview threatening essay. 

EMG data were sampled continuously at a rate of 1,024 Hz and amplified by a factor 

of 20,000 with Grass Instruments AC differential amplifiers. To adequately capture an 

EMG signal that may range fi-om several Hz to more than 200 Hz (Fridlund & Cacioppo, 

1986), bandpass filters were set at .1 Hz for the low fi-equency amplitude and at 1000 Hz 

for the high fi-equency amplitude and the data were processed offline. 

Stimuli Presentation 

Stimuli were presented on a color monitor using the DMASTR display software 

developed by K.I. Forster and J.C. Forster. For all computer generated stimuli, the 

moment of presentation of each stimulus was indicated in the participant's EMG data file. 

In addition, participants' reaction times to each stimulus were recorded. 

Masked prinung phase. The first phase of the experiment consisted of exposing 

participants to the masked primes. The first few fi-ames presented instructions followed by 



three practice items. The instructions, also previously verbally reviewed by the 

experimenter, explained that the word relation program flashes two words on the 

computer and participants were to indicate whether or not they think the words are related 

by pressing either the right or left mouse button. For example, if they saw the words 

'rose' and 'flower', they were to press the right mouse button, but if they saw such words 

as 'sneaker' and 'fajita', they were to press the left mouse button. In order to acclimate 

participants to the recording and task situation, we included 20 baseline trials followed by 

the 10 critical dead or pain trials, and then 10 more neutral trials. Specifically, there were 

4 blocks of 10 trials for a total of 40 trials that consisted of a sequential presentation of 

three stimuli centered on the screen. The first and third stimuli were the words for which 

the participant is to determine the presence or absence of a relationship. These words also 

served as a forward (and fixation point) and backward mask, respectively, and were 

displayed for 356 ms. The critical subliminal primes were presented between the two 

mask words for 28.5 ms as in Amdt et al. (1997b). The first block presented a neutral 

word prime ("field"), the second block presented a non-word prime ("blort"), the third 

block presented either "death" or "pain" primes, and the fourth block presented a non-

word prime ("filge"). At the end of these trials, an instruction on the computer asked 

participants to wait for the experimenter who subsequently entered the chamber and 

delivered the target essay. 

Worldview Defense. Worldview defense was assessed by asking participants to read 

and evaluate the same unfavorable essay about the United States used in Study 1. We 
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opted to use only the anti-U.S. essay so that we could monitor EMG responses to 

confrontation with that particular essay. Participants in the defend conditions then 

completed a computer administered evaluation measure that consisted of the same 

questions as in Study 1. This phase of the program used response-contingent display for 

each of the five questions and asked participants to indicate their responses on the 

keyboard number pad. Participants in the death prime no-defend condition responded to 

questions similarly on 9-pt scales that did not allow them to defend their worldview (e.g., 

"how many word do you think were in the essay?") as in previous research (e.g., Amdt et 

al., 1997a). 

The final task participants completed was to respond to a questionnaire that presented 

one question per page and each asked with regard to the first phase: "How many words 

did you see in each display?", "Did you ever see more than two words flashed at a time?", 

"If yes, was it the same word or a different word from the others you saw?", and "If you 

think it was a different word, list what you think it may have been" 

Results 

Data Reduction and Inspection 

Participant's EMG files were visually inspected for artifacts, digitally filtered using a 

time domain high pass filter with Vi amplitude frequency set to 10 Hz, and then rectified. 

For the masked prime exposure phase, EMG data from the corrugator and zygomatic 

regions were epoched into 1 sec intervals following stimulus onset. Each epoch across the 

10 trials of a particular stimulus type (e.g., dead prime trials) was averaged to create 



composites of participants' responses to eacli prime. For the phase during which 

participants read the anti-U.S. essay, EMG data were epoched into 1 sec intervals, and 

composites reflecting participants' mean EMG activity during the reading of the essay 

were computed for the first third, the second third, and the final third of the period during 

which they read the essay. For the essay evaluation phase, EMG data were epoched into 1 

sec intervals, and composites reflecting participants' mean EMG activity surrounding each 

of the five questions during essay evaluation were computed. 

Because there were large individual differences in EMG microvolt values, we scaled 

all EMG values based on the mean and standard deviation of the pre-manipulation word 

relation trials for each muscle group separately.^ Participants whose scaled EMG values 

for either muscle group during either of the three phases were beyond five standard 

deviation units fi^om the overall mean were discarded. This criteria resulted in four 

participants being deleted fi'om the primary analyses. Due to experimenter error, 

technological difficulties, or participants failing to follow instructions, six participants had 

missing physiological or target evaluative data. Because we were also interested in 

examining the relation between EMG activity during the different phases as well as with 

target evaluations, these participants were also excluded fi-om the primary analyses. In 

Analyses with other techniques revealed parallel effects to those found with the scaled 
scores. For example, analyses of covariance using the pre-manipulation trial EMG as a 
covariate found a significant effect for the dead prime during exposure, F(l,55) = 4.14, 
£<.05, but as with the scaled score analyses, no other effects approached significance. 
Additionally, initial analyses also explored reaction time to identification of word 
relationships and found no significant effects involving condition. 



addition, three participants were discarded who at the end of the experiment reported that 

they had impaired vision and had forgotten to wear their glasses. This left a total of fifty-

four participants (25 males and 29 females) included in the primary analyses. 

Checks on Awareness of Subliminal Stimuli 

Before examining the effect of the subliminal primes on our primary dependent 

measures, we first wanted to ascertain that participants were not aware of presentation of 

the masked primes. All fifty-four participants answered that they saw two-words in each 

display. In response to the question asking if there was anything odd about the transition 

between the words, forty-six participants said no, four wrote that something may have 

been odd, and four wrote they thought something may have been flashed in between the 

target words. In response to the question asking if they thought anything was flashed in 

between the target words, forty-five said no, four said maybe, and five said yes. Pearson 

chi-square tests conducted on responses to each question revealed that there were no 

differences by condition, all X^(4, N =54) < 4.6, £S>.34. No participant wrote anything 

down when asked to guess which word was flashed. Thus, it seems clear that, as in Amdt 

et al. (1997b) which also included a more stringent assessment of participants' awareness, 

in this study there was no conscious retrospective awareness of the masked words. 

Worldview Defense 

Before examining the effects of the primes on facial EMG, we first assessed whether 

we replicated the effect of the subliminal death primes on worldview defense. As with 

Study 1 and previous research, we created a composite measure of target evaluation that 
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consisted of the mean response to the five questions. Because our prediction of increased 

worldview defense among participants exposed to the dead primes was based on previous 

research (Amdt et al., 1997b), we conducted a one-tailed t-test (dead prime vs pain prime) 

on evaluations of the anti-U.S. target for participants who had the opportunity to respond 

defensively . Participants exposed to the subliminal dead primes evaluated the anti-U.S. 

target more negatively than did subliminal pain prime participants, t(35) = 1.85, £<04, Ms 

of 4.04 (SD = 1.57) and 5.05 (SD = 1.74), respectively. Thus, consistent with Amdt et 

al. (1997), death primes for which participants reported no awareness led to increased 

worldview defense. 

EMG Analvses 

Exposure to Masked Primes. To examine whether exposure to the dead primes 

created affect, using the scaled scores described above, participants' corrugator and 

zygomatic EMG during exposure to the masked dead or pain primes were each subjected 

to a dead vs pain prime t-test, two-tailed. Results revealed that participants exposed to 

the dead primes showed more corrugator EMG than did pain prime participants, t(52) = 

2.02, £<05, mean Z-scores of 2.25 (SD = 4.35) and -.14 (SD = 3.75), respectively. This, 

effect, however, was only reliably evident during exposure to the critical prime. Analyses 

of corrugator EMG during the period immediately following exposure to the dead or pain 

prime (the "filge" trials) revealed that the effect was no longer significant, t<1.4, £>.17. 

This lack of significance during the "filge" trials appears to be the result of an increase in 

variability rather than a decrease in the difference between the mean scores, Ms = 2.97(SD 
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= 6.79) and -.33(SD = 10.67), respectively. Analyses of zygomatic EMG revealed no 

significant effects either during or following presentation of the critical prime, both ts<l. 

Essay Reading and Evaluation Period. Given that the dead primes led to more 

corrugator EMG during their exposure, it may also be the case that confrontation with the 

anti-U.S. target will elicit an affective reaction. To examine this possibility, we conducted 

a 2(dead vs pain prime) X 3(first vs second vs third reading time) ANOVA, with the 

second factor within-subjects, on EMG. Analyses on both the corrugator and zygomatic 

region revealed no significant effects, all Fs<2.36, £s>.I3. 

To examine whether dead prime participants showed differential EMG activity when 

they had the opportunity to defend their worldview relative to when they did not or than 

pain participants, we subjected corrugator and zygomaticus EMG during the evaluation 

period to 3(dead-defend vs dead-no-defend vs pain-defend) X 5 (question number) 

ANOVAs with the last factor within subjects. The analysis on corrugator EMG revealed 

only a main effect for question number, F(8,204) = 4.20, £<.01, which reflected a linear 

trend for increasing corrugator EMG during the evaluation period. There were no 

significant effects involving condition, nor any significant effects on zygomaticus EMG, all 

Fs<l .83, £S>.21 . Thus, there does not appear to be any immediate affective impact of 

defending the worldview in response to subliminal death primes as measured by facial 

EMG. 

Correlations Between Worldview Defense and EMG 

To investigate the relationship between EMG during and immediately following 
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(during the "filge" trials) exposure to the dead or pain primes and worldview defense, we 

examined the within-celi correlations between these measures. Within the pain-defend 

condition, the correlations between corrugator EMG during and after prime exposure and 

essay evaluations approached significance, rs(18) = -.39 and -.36, £s<.13, suggesting that 

more corrugator EMG was associated with more negative evaluations of the target. 

However, within the dead-defend condition, these correlations did not approach 

significance (rs = .06 and -21, both ps>.39), suggesting that affective reactions to the dead 

primes were not reliably associated with worldview defense. 

Examinations of the correlations between EMG during essay reading and evaluation 

and worldview defense also failed to reveal significant correlations within the dead-defend 

condition (all rs<.30, gs>.22). However, within the pain-defend condition, one correlation 

with zygomaticus EMG during essay evaluation did approach significance, r(18) = .44, 

£<.06, suggesting that more zygomaticus EMG was associated with more positive 

evaluations of the essay. Thus, overall, there seems to be some, albeit weak, indication 

that in the pain control condition, affective reactions were associated with evaluation of 

the essay as one might expect; more corrugator EMG during pain exposure was weakly 

associated with more negative evaluations and more zygomaticus EMG during evaluation 

was associated with more positive evaluations. However, of primary interest for the 

present study, within the dead-defend condition, there was no indication that affective 

reactions were associated with worldview defense. 

Discussion 
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The results of the present study replicated Amdt et al. (1997b) and found that death 

primes presented outside of conscious awareness led to increased worldview defense. In 

support of the subliminal nature of the stimuli, using the same presentation, even when 

informed that the prime would be one of two possibilities in Amdt et al. (1997b), 

participants were unable to determine above chance levels what prime they had been 

shown immediately after presentation. Inspection of the present awareness checks also 

suggest that participants had no retrospective awareness of what primes they had been 

flashed, and yet participants who were presented with the dead primes showed more 

negative evaluations of the worldview threatening target. The results also indicate that, 

contrary to previous terror management research, the same death primes that led to 

increased worldview defense also preferentially provoked subtle negative affective 

reactions as indexed by EMG of the conugator muscle region. This eflFect only occurred 

during the stimulus presentation period, and only for dead — but not pain — primes. Thus, 

consistent with prior work, there was no evidence of negative affect occurring beyond the 

time of exposure to the death-related stimuli. Interestingly, despite the emergence of 

effects on both EMG and target evaluations, correlational analyses provided no evidence 

that this affective reaction in the dead prime condition influenced participants' reaction to 

the worldview threatening target. 

The effects of the death primes on worldview defense were, however, a bit weaker 

than had been previously found. Although one-tailed statistical tests are appropriate when 

a directional hypothesis is being assessed (Abelson, 1995), it is important to note that this 



45 

effect would not have reached a conventional level of significance with a two-tailed test (2^ 

= .073). Although care was taken at the beginning of the experiment to ensure that 

participants were relaxed, one factor that may have influenced this finding is the 

technological setting of the psychophysiology lab in which the study was run. Based on 

Epstein's (e.g., 1985) cognitive-experiential self theory, Simon et al. (1997) found that 

when participants are in an experiential, gut-level, intuitive mode of thinking, worldview 

defense effects emerge quite strongly following mortality salience; however, when 

participants are in a rational and deliberative mode of thinking, they do not. To the extent 

that an experiential mode of thinking seems to emerge in response to a casual and relaxed 

experimental setting, one possibility is that all the gadgetry of the psychophysiological 

laboratory setting inhibited this experiential relaxation (Cacioppo & Petty, 1983). This 

may not have been an issue in Study 1 because that study was run in a different lab that 

was much less technologically elaborate. In addition, the autonomic physiological 

measures did not require electrodes being placed on participants' faces. 

More generally, the present research contributes to research on the effects of 

'unconsciously'" perceived stimuli on physiological processes. Amidst some unsuccessful 

attempts to document such effects (e.g.. Smith, 1993; Lee & Tyrer, 1981), previous work 

by Wexler et al. (1992) found that auditory stimuli perceived without awareness led to 

increased corrugator EMG. The present data supplement these findings and indicate that 

visually presented stimuli can also affect physiology from outside of conscious awareness. 

Thus, on a broader note, this study suggests that fiiture work should continue to examine 
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the affective consequences of subliminal stimuli as measured by facial EMG. 
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GENERAL DISCUSSION 

Approximately ten years of terror management research has documented the effect 

that reminding people of their mortality leads to more hostile reactions to persons or 

targets that threaten their woridview. The theory posits that investment in a woridview 

protects people from the potential anxiety associated with implicit awareness of one's 

mortality. Thus, when reminded of the source of that potential anxiety, people respond 

with increased defense of their woridview. Despite a wide array of supportive evidence, 

one missing piece of the terror management puzzle has been any indication that the 

mortality primes that give rise to woridview defense create even subtle arousal or negative 

affect. To date, however, almost all terror management research has relied on self-report 

measures of conscious affect. The present research was an effort to search for subtle 

arousal or affect in the terror management process by measuring physiological reactions to 

different mortality primes. 

Study 1 found that although asking participants to contemplate their death increased 

woridview defense, it did not uniquely affect skin conductance and did not substantially 

impact pulse rate. Study 2, on the other hand, did find that the dead primes leading to 

increased woridview defense also increased activity in the corrugator muscle region, an 

indication of subtle negative affect. However, neither study uncovered a relationship 

between affect and woridview defense following mortality primes. 

Why is it that asking participants to vmte about their death did not produce changes 

in arousal but presenting participants with dead primes without their awareness did show 
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effects? The most obvious explanation concerns the sensitivity of the physiological 

techniques across studies. Facial EMG, in contrast to skin conductance or pulse rate, has 

been shown to be more sensitive to subtle affective reactions (e.g., Cacioppo et al., 1986; 

Dimburg, 1990). Thus, in addition to the artifacts or arousal that may have been 

introduced in Study I by having participants write while physiological measures were 

taken, facial EMG may just be able to better capture a very subtle effect. Moreover, this 

effect may be better characterized as an affective response, to which facial EMG is 

sensitive, rather than as an arousal response, to which skin conductance is sensitive. 

Another striking difference between the two studies was, of course, the method used 

to induce thoughts of death. In Study I, we asked participants to write about their 

mortality; a process that may initiate a series of reactions in addition to defense of the 

worldview. Indeed, it has recently been proposed that conscious thoughts of death trigger 

two distinct types of defense, one focused on the conscious concern with death and the 

other focused on the implicit knowledge of mortality (Greenberg et al., in press; 

Pyszczynski, Greenberg, & Solomon, in press). Specifically, research indicates that 

death-related thought is followed first by "proximal" defenses directed toward minimizing 

the immediate threat (e.g., through rationalization or suppression; Greenberg et al., in 

press; Amdt et al., 1997a) and then by "distal" defenses that enable the individual to 

maintain faith in his or her worldview. Presumably implicit death primes circumvent this 

need for proximal defense. Thus, the affective consequences of an explicit mortality 

salience induction may operate quite differently fi'om the consequences of an implicit 
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induction. 

Despite the differences that may exist between the mortality primes and the 

physiological measures, it is important to note that, across both studies, there was no 

indication that physiological reactions were related in any obvious way to extent of 

worldview defense following mortality primes. There are four possible explanations for 

this lack of relation. The first possibility is to take the findings at face-value and conclude 

that our measures reveal no relationship because none exists. It may be that the effects of 

a death stimulus on worldview defense fiinctions independently fi-om the capacity of that 

stimulus to provoke an affective reaction. Certainly reminders of death can make people 

experience subtle or manifest negative affect. Sitting through the first twenty minutes of 

Steven Spielberg's recent film. Saving Private Ryati, should remind one of this. This 

process, however, may be separate fi-om the influence of death thoughts on cultural 

affiliation. As we have mentioned, terror management theory argues that these defenses 

exist to enable people to avoid the potential for terror that they might otherwise 

experience; this hypothesized terror may therefore be quite different fi^om many of the 

conscious reactions people have to reminders of death such as disgust, sadness, or outrage 

(Rozin, Millman, & Nemeroff, 1986). Consistent with this position, negative moods 

appear to be more involved with carefiil, systematic processing of information (Schwarz, 

1990; Forgas, 1992) rather than the experiential judgements implicated in worldview 

defense (Simon et al., 1997). 

A second possibility is that subtle affect is involved with worldview defense following 
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mortality primes, but functions more as a threshold; once the threshold is crossed, 

worldview defensive efforts are engaged. This possibility is questionable, however, to the 

extent that other control conditions that increase negative afifect have not reproduced 

these effects (for a review, see Greenberg et al., 1997). On the other hand, death thoughts 

may lead to a minimum level of affect which then signals the need for worldview defense. 

From this perspective, both high accessibility of death thoughts and a minimum of affect 

would therefore be needed for worldview defense to occur. To provide a preliminary 

assessment of this possibility, in Study 2, we performed a median split on corrugator EMG 

during dead or pain prime exposure and conducted a 2 (prime; death vs pain) x 2 

(corrugator EMG: high vs low) ANOVA on the pro-American bias composite. This 

analysis, however, did not find any significant main or interaction effects involving level of 

corrugator EMG (Fs<1.56, £s>.22). Although this finding is not consistent with a 

threshold explanation, more rigorous research is needed to fully assess this possibility. 

A third possibility is that death thoughts may initially be associated with a fleeting 

affective reaction, but also provoke the potential to respond in a fear-related manner. This 

conceptualization is similar to Lang and colleagues' (e.g., Lang, Bradley, & Cuthbert, 

1990) view of emotions as action dispositions. In addition, it may also capture the terror 

management theorizing that worldview defense protects the individual from the potential 

for terror engendered by the awareness of mortality. From Lang and colleagues' 

perspective, emotions are associated with a behavioral set that facilitates an approach or 

avoidance type of response from the organism. When experiencing a negative emotion. 



for example, defensive responses such as a startle reflex (i.e., increased eye-blink 

magnitude to a loud noise) are augmented. In the present context, thoughts of death may 

lead to a heightened vigilance toward worldview relevant threats and dispose people to a 

behavioral set that favors avoidance, escape, and defense when such threats are 

encountered. In this way, it would be similar to a negative emotional episode but would 

differ in the absence of the experience of that emotion. Future work that juxtaposes a 

mortality salience manipulation with confrontation with a worldview threat and a startle 

probe may prove useful for assessing this idea. Specifically, if thoughts of death do 

engender such a state, then when such thoughts are made salient, an individual should be 

more startled by the pairing of a loud noise v/ith a worldview threat. 

A final possibility is that there is a clear relationship between mortality salience 

induced worldview defense and negative affect and we have simply been unable to detect 

it. This possibility suggests that the measures of arousal and affect employed to date (self-

report, skin conductance, pulse rate, finger pulse volume, EMG) are simply not sensitive 

to the relation between mortality salience induced worldview defense and negative affect 

or arousal. Different methodologies may therefore be needed to examine the involvement 

of arousal and affect in worldview defense. For example, misattribution of arousal 

(Schachter & Singer, 1962) and excitation transfer (Zillmann & Bryant, 1974) paradigms 

could be used to investigate whether mortality salience induced worldview defense is a) 

ameliorated when participants are provided with an explanation for what arousal they may 

be experiencing or b) augmented if a situation is created where arousal can be transferred 
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from an irrelevant source. 

Clearly, future research is needed to address these and other possibilities. The 

present studies are an initial attempt to combine research techniques to study affective 

involvement in psychological defenses resulting from the human awareness of mortality. 

In this way, this research presents an invitation to the application of different 

psychophysiological techniques to terror management research. Techniques that enable 

more precise inferences about neural activation could also be used to study the 

components of the hypothesized terror management process. Perhaps the results of these 

studies can inform future psychophysiological research that will continue to search for 

subtle signs of the potential for terror in terror management. 
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Table 1 

Cell means for the main effects for period on SCL. NS-SCRs. and pulse rate in Study 1. 

baseline during prime post prime 

SCL 6.99(1.60)a 8.22(I.37)b 8.19(1.38)b 

NS-SCP. 3.08(3.49)a 14.33(10.34)b 12.17(7.74)b 

pulse rate 68.36(12.67)a 71.91(13.06)b 71.04(12.19)b 

Note. Standard deviations are listed in parentheses. For all measures, higher numbers 
indicate a greater physiological response. Within rows, means that do not share a 
subscript differ at £<.05. 
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Table 2 

Crossbreak of the cell means between prime and period on SCL and NS-SCRs in Study 1. 

baseline during prime post pnme 

SCL 
mortality salient 6.97(1.82) 

exam salient 7.00(L43) 

8.33(L40) 

8.12(L39) 

8.32(L42) 

8.07(L38) 

NS-SCR 
mortality salient 3.58(3.53) 

exam salient 2.58(3.53) 

14.75 (8.54) 

13.92(12.20) 

13.35(7.63) 

11.08(8.04) 

Note. Standard deviations are listed in parentheses. For both measures, higher numbers 
indicate a greater physiological response. 
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Table 3 

Cell means for the marginal prime by period interaction on pulse rate in Study I. 

baseline during prime post prime 

mortality salient 68.16(10.91)a 68.65(10.99)a 69.29(10.15)a 

exam salient 68.56(14.72)a 75.18(14.59)b 72.95(14.34)b 

Note. Standard deviations are listed in parentheses. Means that do not share a subscript 
differ at £<.05, with the exception of the comparison between mortality and exam salient 
post prime which differs at £<.06. 
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